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P  R  E  f  A  C  E. 


Circumstances  having  led  me,  in  early  lite,  to  take  an  interest  in 
practical  hydraulics,  I  became  anxious  to  obtain  an  account  of  all  the  con- 
trivances  employed  by  different  people  to  raise  water — whether  for  domes- 
tic, agricultural,  mining,  manufacturing,  or  other  purposes  ;  and  great  was 
the  disappointment  I  felt  on  learning  that  no  book  containing  the  informa- 
tion  I  sought  had  ever  been  published.  This  was  the  case  between  thirty 
and  forty  years  ago ;  and,  notwithstanding  the  numerous  journals  and  other 
works  devoted  to  the  useful  arts,  it  is  in  a  great  measure  the  case  still.  No 
one  publication,  so  far  as  my  knowledge  extends,  has  ever  been  devoted 
to  the  great  variety  of  devices  which  the  human  intellect  has  developed 
.  for  raiding  liquids.  That  such  a  work  is  wanted  by  a  large  class  of 
mechanics,  if  not  by  others,  can  hardly  be  questioned ;  and  it  is  somewhat 
surprising  that  it  was  never  undertaken. 

It  appears  from  La  Hire's  Preface  to  Mariotte's  Treatise  on  the  Motion 
of  Fluids,  that  the  latter  philosopher  often  expressed  a  determination  to 
^vrite  "on  the  different  pumps  and  other  engines  which  are  in  use,  or  which 
have  been  proposed,"  but  unfortunately  he  did  not  live  to  carry  his  design 
into  effect.  The  celebrated  work  of  Belidor,  from  its  extent,  and  the  variety 
of  subjects  embraced  and  illustrated,  stands  at  the  head  of  modem  works 
on  hydraulic  devices ;  but  of  the  four  large  volumes,  a  small  part  only  is 
devoted  to  machines  for  raising  water,  and  many  such  are  not  noticed  at 
all  :  besides,  the  cost  of  the  work  and  the  language  in  which  it  is  written 
will  always  prevent  it  from  becoming  a  popular  one  with  American  or 
English  machinists. 

Having  in  the  course  of  several  years  collected  memoranda  and  procured 
most  of  the  works  quoted  in  the  following  pages,  I  have  attempted  to  pre- 
pare a  popular  volume  on  the  subject — something  like  the  one  I  formerly 
longed  for — feeling  persuaded  that  it  will  be  as  acceptable  to  mechanics 
under  circumstances  similar  to  those  to  which  I  have  alluded  as  it  "would 
then  have  been  to  myself.  Every  individual  device  for  raising  water  has, 
of  course,  not  been  described,  for  that  would  have  been  impossible  ;  but 
every  class  or  species  will  be  found  noticed,  with  such  examples  of  each 
u  will  enable  the  general  reader  to  comprehend  the  principle  and  action 
of  all.  In  addition  to  which,  inventors  of  hydraulic  machines  can  here 
■ee  what  has  been  accompliBhed,  and  thus  avoid  wasting  their  energies 
on  things  previousty  known. 
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111  a  work  of  this  kind  litllo  Unit  is  new  can  he  expected  ;  I  have 
bowuver,  wmlwly  copied  any  nullior.  but  h*vo  wnMrn  tlw  uhnlc  im 
lilile  liml  liven  written  b«>for«.  I  hnv^  sought  tor  inlunnniion  whervvt^rj 
cuulJ  find  it;  «iid  with  this  view  Imv^  |M^ni»i^d  mare  vtilurnes  UiKn  it  wnot 
be  prudeiil  In  tiaiiw.  A  ft-w  )jlctiifungy  whirh  mixlern  wrticm  hdvi-  pg 
over  lj«CBbi<(>i)  picked  up — t»o  or (Iimh- ancient  dtjvices  have  been  snmcU 
fmn\  ulilivion,  *»  thtt  Bimofphviic  npnnklini^  pot  and  the  phikNtophintl  U 
IfiWB,  uiiti  M>UMi  urrunvous Opinions  have  Imk^ii  ciirr«ct«il ;  itiat,  for  nxiuDpI^ 
ivapectinij  the  nninn  of.  ihit  safety  valve.  TKer«  tR  litlio  roam  I'nr 
i:hari;u  of  Krn>g)uic;4f  in  cliumins  llii*  much,  since  it  is  alt  1  havn  lii  cl«i| 
and  il  ta  nothing  fnit  what  h  little  induntrj  in  any  one  elsw  vroiilj  hnii 
realixvd.  Several  ^t;vices  of  my  own  have  ahw  lieen  intrfnliiceil  wln( 
must  sp<*nk  fur  themselves.  On  ivferrin^  tii  old  workn  that  are  expi^imi 
or  of  rare  ncciirrwnce  1  have  generally  ()>ioted  tJiC  very  wordaof  the  writc>r 
unili^r  th(>  iinprfiuion  that  itmv  of  llie^e  works  will  not  loiif;  be  met  wit 
at  hII.  Fur  the  cinvenit^iice  of  pArusal  the  work  is  broken  into  chopier 
and  as  m>ich  tnist^ollancous  matter  has  been  introduced,  an  index  is  auilut 
Tlie  general  arrangement  and  division  of  the  subject  will  be  found  at : 
clow  of  the  firt.t  chapter. 

Tn  tracing  the  prtigrest  .of  any  one  of  the  primitive  art»,  it  is  dJfHcalt 
avoid  rt'furtince  to  others.     They  are  all  so  connected  that  none  can  be  pol 
feclly  iitoUted.     1  hare  therefore  introduced  such  notices  of  invention)  am 
iiivenliT*  aa  seemed  useful  to  he  known  :  facts  u-hich  appeared  interestiti 
to  the  writer  a>i  a  mecJianic.  he  sopposed  would  not  be  wholly  withoi; 
interest  in  tlio  opinion  of  hia  brethren.     In  this,  I  am  aware,  it  is  easy 
to  be  mislaken  :  for  it  is  a  common  error  to  imagine  thai  things  which  ar? 
inlerwslliiff  to  onrselvea   must  be  *i!<|u«lly  en  to  others.     As.  however,  alt 
those  devices  that  contribute  to  the  convoniencca  of  life  will  ever  posMI~ 
an  intrinsic  value,  thy  hoiw   is  indolgvd  that  the  following  account 
several  imp"rtant  ones,  although  it  mny  prrscnt  litde  attraction  to  gener 
readers,  will   (it  least  b«-  found  uwtful  to  tliosr  for  whom  it  is  mire  esj 
cial'y  designed.      It  certainly  is  not  what  1  could  wish,  but  it  is  the  best 
could  producr',     I  am  sensible  that  il  has  many  imperfections,  and   iher 
are  duubcles^s  many  more  which  have  not  (wen  perceived.     That  I  have 
often  been  divoried  from  the  subjects  embraced  in  the  Utle-page  is  truej 
and  as  the  whole  was  written  at  long  intervals,  even  of  years,  a  waa 
of  order  and  connection  may  l»e  perceived  in  some  parts,  andohocarity  feT. 
in  others.    All  that  I  can  offer  to  diminish  the  seventy  of  criucism.  is  freely 
to  admit  there  is  much  room  for  it. 

In  noticing  various  hydraulic  devices,  1  have  endeavored  to  award  honor 
to  whora»iiCv«r  It  was  due  :  lu  say  nothing  of  the  ancients,  with  whom  most 
of  them  originalud,  it  may  here  be  observed  that  the  Germans  were  the 
earliest  cullivatora  of  practiral  hydraulics  in  modem  times.  Tlio  Dutch 
(part  of  that  jH'ople)  contributed  to  extend  a  knowledge  of  their  inven- 
tion* It  wiu  a  Dutchman  who  consiructed  the  fiiiDOUB  machinery  at  MarlL' 
and  England  was  indebted  tu  another  for  her  first  water-wurks  at  Londoi 
"Jridge.     The  liinptuat  pumplwx  or  piaioti  known,  lh«  iiivi-ricd  coiip 

llher,  is  of  Oennan  origin,  and  tn  is  the  rulvpump  of  Mutohenbroel 
Hose  lor  fire-engines,  both  of  leallicr  and  canvas.  wa>  invcnieii  by  Dulrh- 
inen.     They  carried  the  chain-pump  of  China  to  their  settlements  in  In<Ii 
and  also  lo  Europe.     Van  Braatn  Imiuehl  il  to  the  V.  Stales.     A  Of-rrno 
invented  the  air-pump,  and  the  firat  high  pressure  sleaio-en^in'^  figured 
Inioks  wa*  by  anodier.     As  regard*  hydraulic  miicliiner^',  ihe  Dutch  \ut\ 
been  lo  the  luoilems,  in  some  dei>ree,  what  thr*  B^'jitinnti  were  in  t 
ancients — their  teaufaers,^     The  physical  goograplij*'  ofHullond  and  Eg) 
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hcocMuily  led  the  in^iaHimiw  of  boih  ooafimu*  lo  culuTnir  to  lie  mnoM 
rxurnt  tlic  net  ><'  .vuicr.     W'triJ-mills  for  drnitiiiig  waUT  off  luid] 

Bnl  occur  (to  i:<  yi)  in  Hollund.     Il  is  indtN-d  iho  cnnttinni  cmploy^j 

nwtnlof  lliu  eiemeol — wind — llmt  prcaorvoi  the  Hutch  from  dosirucOoBj 
Ly  uiutbcr :  for,  cu  a  tMiiort,  they  arc  in  much  the  Mine  prudicftment  tlH<y 
fannerly  pnl  unmlv  felons  in,  viz  :  confining  each  in  a  cloee  vault  with  4 
fiUBip,  and  titvn  aJmJuing  a  slrviun  of  water  that  ri'tfiiii^d  his  anceonng 
HTurls  U)  pump  out,  la  prevent  hiiiiacir  from  dmwning. 

The  Frvnck  bavc  eoutribul(»l  the  ncaicit  machliio  known ;  the  ratn  nf 

Munl^^fior — thcint  a  tlie  tloul)l«  pamp  of  La  Hire,  and  the  friciionlcaa 

pMloB  of  GoflWt — La  Faye  improved  ine  old  tynipaniiin  of  Asia — PafUat, 

wnu  one  of  Uio  autbon  of  the  slciim-r>ngin«,  vna  1/ei  ppmnor  devised 

CenliifuKal  pump,    ttolnry  pumps  and  the  reini rodurrion  of  air-veiueUanJ 

ir*-'ingtT'g't  Tvsi   iK'lwwn  Germany  and   France.     r>rfiv.n  Ipadrn   pipe* 

■'■ttrd  by  Oaicsrae.     The  Kngliflh  revive*!  ilie  plunfrer  pump  and 

■:  of  ^fo^t•land,  and  furnished  the  expanding  metallic  piHtoo*  of 

t  jiihI  Barton— the  »t^ani-«n^ine*of  WorceiiterandHaver}-,  Naw- 

"  .1  Walt — the  pneumatjc  appamluii  of  Brown,  and  motive  en^nes 

of  Oe<ii  and  others — Whiu-hurst  wa»  the  fimi  to  apply  the  principle  of 

the  ram.  and   the  *juick«lvpr  pump  w*»  inventi^l  by  Hawk in»—Hi> lea 

in»ent*Hl  the  milling  of  ahvet  lead,  and  the  first  drawn  pinf«  were  made 

hy  Wilkinson.    f>witxerland  contrilMJied  the  apiral  pump  or  Wlrtz — Am(!> 

rica  has  furnished  the  rivrtrd  ho»i'  of  Sellers  and  Pcnnock,  the  tnotive 

chin«  of  Money,  and  high  preMure  engines  of  £vana;  and  holh  tiave 
jpvn  numerous  modtficatifius  of  every  hydraulic  device.  Tlie  Italians 
bavc  prt'M'rvcJ  many  Ancient  devices,  and  to  them  the  diseovoriea  of  Gal- 
liUii  and  Torricrlli  r.-«pt-<^ting  ■tinospheric  pressure  are  due.  Porta  has 
{pt'rn  the  first  Figurvof  a  devic«  for  raising  walcr  by  ateam,  and  Venlnri's 
ex|irrimei)i«  hiive  wxlende<l  titeir  cfatnis. 

Hcmarka  hove  fic-rii«ii>nallv  litvn  introduced  on  tlie  imnortHncc  of  the 
tnri-'rnnir  %r<j(  and  lli«  real   dignity  atUched  to  ihcir  profession,  nolwith- 
Jie  degtBiled  utale  in  which  u|wfrfilivea  have  ever  been  held   by 
'I'.  hnvf-  lived  on  their  ingenuity  and  become  enriched  by  their 

•kili.  ijrit  lhi«  slate  oflhiitji^  we  1h-Im-v<-  in  passing  away,  and  the  time  m 
tint  dtalanl  wh«n  nucb  men,  instead  of  being  de^-med,  as  under  the  old 
regime,  virtual  i«?rfii,  will  exert  an  influence  in  society  commennurate  with 
their  eontrihution*  U>  Jt«  welfare.  And  Tfchere.  it  may  he  asked,  is  there 
■  cnrnfort,  or  convenience,  or  luxury  of  life,  which  iKcy  do  not  create  or 
•sntt  ut  furtiish,  from  the  bread  thai  sustains  tfao  bcxly  to  the  volume  that 
tnfoTOM  ihe  mind  T 

Fp«'  clas««9  have  •  more  hoimrablo  career  Wfiire  ihem  than  intelligent 
tnechamcs.     Coruinly  ncn*'  have  better  opportunilie*  "f  anaocialing  their 
Dune*  with  tliose  of  the  beat  of  tlieir  species.     Science  and  the  arts  open 
th*  pniha  to  true  glory  ;  and  greater  triumph*  rt-main  to  J^e  achieved  m 
-lie  world  has  yet  witne<ised.     Humiin  toil  ha«  not  been  <Kiipenwd 
■  eenrfiiitv  wil!   he  supi-rseded,  in  a  great  meaaure,  if  not  alto. 
ell»er,  *»>  '  i »ed  from  inanimate  nature.    A  great  part  of  the  glotw 

lyrt  a  Ji-  ':ted  by  beasts  of  prey,  or  by  men  more  savage  than 

;  wh^reaa  liie  Creator  deB'g'"  'he  whole  to  be  a  garden  bikI  peopled 
bappv  inielligeiices,  as  in  the  first  Eden.  It  is  much  U>o  cuinmon  to 
•erk  epW'nu'ntl  di«unetJon  on  the  troubled  aeu  of  |Militic!i  or  party  ;  but  of 
tlie  ihounKxndi  who  lauocb  their  barks  upon  it,  bow  few  ever  reach  tho 
haven  of  their  wishea !  The  greater  part  ar»?  aoon  engulpbed  in  oblivion, 
wtule  not  a  few,  oxhausliNl  by  usclriw  struggles,  are  bereft  of  tjieir  ener- 
gin*  and  iiuickly  sink  in  despair— 4nil  no  fame  is  more  certain  or  more 
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durable  than  that  which  arises  from  OBeful  inventions.  Whitney  and 
Whittemore,  Evans  and  Fulton,  will  be  remembered  as  long  as  cottun  gins* 
carding  machines,  steam-en^nes,  and  steam-boats  are  known  on  these 
continents,  and  when  contemporary  politicians  are  wholly  forgotten — in 
fact  most  of  these  are  so  already.  1  he  name  of  Watt  will  be  known  while 
that  of  every  warrior  and  monarch  and  statesman  of  his  day  has  perished  ; 
and  so  it  ought  to  be,  for  with  few  exceptions,  he  contributed  more  to  the 
happiness  of  his  species  than  have  such  men  from  the  beginning  of  time. 
No  one  ia  now  interested  in  learning  any  thing  respecting  the  sanguinary 
Bull  of  Burgundy  and  his  wily  antagonist,  the  eleventh  Louis  of  France, 
whose  contests  kept  for  years  the  European  world  in  an  uproar  ;  and  the 
buter,  not  content  with  murdering  his  species  by  wholesale,  in  his  old  age 
slew  infants  that  he  might  ac<]iiire  new  vigor  by  bathing  in  their  blood  : 
but  as  long  as  drae  endures,  the  world  will  revere  the  names  of  their 
contemporaries — Gottenburg,  Roster,  Faust,  and  Schoeffer  and  their  asso- 
ciates in  printing  and  type-founding. 

Science  and  the  arts  are  renovating  the  constitution  of  socie^.  The 
destiny  of  nations  cannot  be  much  longer  held  by  political  gamblers,  wealthy 
dolts,  titled  buffoons,  and  royal  puppets ;  these  no  longer  sustained  by 
factitious  aids  must  descend  to  their  own  level.  Theories  of  governments 
will  not  be  opposed  to  nature  and  carried  out  in  violation  of  her  laws ;  but 
practical  science  will  be  the  ruling  principle ;  and  practical  philosophers 
will  be,  as  God  designed  they  should  be,  the  master  spirits  of  the  world. 
The  history  and  progress  of  the  useful  arts  will  soon  liecome  a  subject  of 
general  study.  Historians  wilt  hereafter  trace  in  them  the  rise  and  fall  of 
nations  ;  for  power  and  preeminence  will  depend  upon  new  discoveries  in 
and  applications  of  science.  Battles  will  soon  be  fought  by  engineers 
instead  of  generals,  and  by  mechanism  in  place  of  men.  But  battles,  we 
trust,  will  hereafter  be  few  ;  for  if  ever  men  were  called  upon  by  that 
which  is  dear  to  them  and  their  race — by  that  which  is  calculated  to  rouse 
the  purest  feelings  and  exterminate  the  worst  ones,  it  is  to  denounce  that 
spirit  of  military  glory  which  encourages  and  induces  offensive  wars.  Take 
away  all  the  false  glare  and  pomp  of  wars,  and  tyranny  will  expire — for  it 
would  have  nothing  to  support  iL  Put  war  in  its  iriic  light,  and  no  well 
regulated  mind  would  ever  embrace  it  as  a  profession. 

To  poets  and  writers  of  romance,  the  annals  of  mechanism  present  un- 
explored sources  of  materials.  They  are  mines  of  the  richest  ores — 
fields  teeming  with  the  choicest  fruits  and  flowers.  Here  are  to  be  found 
incidents  as  agreeable  and  exciting  in  their  natures,  and  as  important  in 
their  effects  as  anything  that  can  be  realized  by  the  imagination  alone  ; 
such  too,  as  present  nothing  to  offend  the  finest  taste,  or  conflict  with  the 
purest  morals.  When  novelists  have  worn  out  the  common  ground  ;  (and 
they  seem  already  to  have  done  so,)  when  mere  sentiment  grows  Hat,  and 
the  exhibition  of  the  passions  becomes  stale  ;  when  politics,  history  and 
love  are  exhausted — works  founded  on  the  origin,  progress,  and  maturity 
of  the  useful  arts  will  both  charm  the  imagination  ana  improve  the  judgment 
of  readers.  Does  an  author  wish  to  introduce  characters  who  have  left 
permanent  impressions  of  their  genius  upon  the  world  ^  Where  can  he  find 
them  in  such  variety  as  in  the  race  odnventori  ?  Is  he  desirous  of  enrich- 
ing his  pagita  with  singular  coincidences,  curious  facts,  surprising  resiilt:^ 
—to  facinate  his  readers,  and  cause  them  to  anticipate  the  end  of  his  pages 
Mrith  regret  T  Let  him  detail  the  circumstances  that  led  to  the  concepiion, 
and  accompanied  the  improvement  of  those  inventions  and  discoveries  that 
have  elevated  civilized  man  above  the  savage. 

Is  such  a  writer  desirous,  for  instance,  to  entertain  the  sex  ?     He  could 


rwtritct. 


TII 


IwMtv  Jo  it  morv  olTectumllv  than  liy  writing  ■  votiimv  on  Ae  Iftbon  of 
!'  'fra,  err  (h*-  mutiifT  wo*  adopted,  or  tho  spindle  (the  orleinal. 

■nvented  ;    hy  d<.-tui!in^   the   ctrcum stances  that   gB*'v    uinh^ 
nirntji.  wilh  ihr  tritiU,  obwrvHimnit,  customs  and   unecdoles 
.    tliPir  ititmdijrtion  and   llwir  uiihi>k— imagining  titn  concrn- 
rmt  wen-   iHiurfd  u|Kin   thi;   artist   M'ha  wuvfi  tUv  first  wfb    in  m 
I'  I  (hi?  preisf^s  trvstuwfd  upon  the  uullior  ut  lliat  nuictitno  and  ilw 

•hut(lf^^^«xalllng  lb«  limes  and  sc*tn*^  when  gmupe  of  laughing  females 
Werv  hiulvning  to  «xamine  the  first  culured   mantles  ;  ui>d   mcurding  iho 
|>unu  of  admiration  which  dropped  from  tiiem  (in  all  the  force  ofonpntal 
t,^....>i.  .i„^  ufwn  U'itiie«Hng  ()i«    procetaes  by  which  purple  and  scuHet 
iiu  and  gre«n,  &c.  were  pmduc^l     recounting  tlie  methods  by 
^•'.I'fi  tiw  art  of'  dyeing  wrought  a  revulution  in  L-miume,  kihI  how  it  be- 
came one  of  the  great  Huurcen  of  \«callh  to  Babylon  and  Tyre      referring 
to  tl»e  grmtification  whieK  llie  invention  of  needleit  and  piiut,  of  thimbles 
and   L-iimlis,  conferred  on  ancient  dames;  and   noticing   the  influence  of 
•e  1)1  improvtns  tbe  dress  and  deponn>cnl  of  women^^e^cribing  tli«. 
Ja  of  vrtiBts  beiore  0>ey  succeedea  in  perlVcting  the«e  insiruments,  atid  I 
nn,  until  every  addition  to  domestic  dwellings,  to  household  furniiurefil 
and  |o  dreaa  be  reviewed — until  every  thmg  which  a  modern  lady  ixisaessef ' 
nver  an    Indian's  sqiiaw  be  brought   forward   and   desenbed,  wirJi   at!  the 
known  facta  and  orcumslonres  aasnciated  with  iis  history  and  application  l 
^Hind  thas  form  a  series  of  essays  on  the  ana,  in  which  every  line  would 
bo  poetry,  and  every  incident  new. 

A  new  specie*  of  drama  might  here  take  ita  rise  ;  one  possessing  etjual 
attmrtiiins  and  exhibiling  ecjuatiy  interesting  pictures  of  human  life,  as 
any  thing  which  wrili-rs  nf  comedy  or  tragedy  have  yet  produned.  Here 
8r»-  rhamciirrs  nod  cQi^tnms  of  every  variety,  age,  and  nation — incidents 
»ini  adventure  in  the  grvuest  profusion — the  extremes  of  misery  and  bliss, 
jpf  poverty  and  weoltn,  of  suuenng  virtue  and  unrequited  toil,  and  their 
[xniiloH.  Here  the  humblest  individutJa  have,  by  mdusiry  and  ingenuity, 
in  i'ntm  obscurity  and  astonished  the  world.  Mechanics  have  liecome 
Itings  like  the  old  poller  of  Sicily,  (Agathocles,)  Aurclius  the  blacksmith 
Rnme,  and  Leite  the  tinker  who  founded  ihe  caliph  dynasty  of  the 
jtlariies.  Rings  have  left  their  thrones  lo  become  workmen  in  br«s«  and 
kiirer,  wood  and  iron  ;  as  Demetrius  at  his  lathe.  /Kropus  making  lamps 
nd  labtes,  Charles  V.  in  his  watchmaker's  shop;  and  if  some  bixarra 
pi-imples  are  warned,  there  is  still  to  be  aren  the  ma ntua- making  aparl- 
nwnLs  of  Ferdinand  VII.  with  spucimviis  of  his  work. 

A  plav  might  be  fbtinded  on  the  taint  huld  at  Delos,  (the  Piit«burg  nf 

.of  tba  old  Orveks,)  when.'  merchants  (observes  Pliny)  assembled  from  all 

oT  the  world  to  purchase  hardware  and  bronze.     An  island  whose 

ruHs  were  cnDobted  fur  ihe  bvantv  and  finish  of  their  works  in  the  meials, 

and  who  particularly  ejccelied  in  brazen  feet  for  chaira.  tables,  and  bed- 

Mdi,  and   in  staluea  and  other  larg(<  works  in  brass.     Then  there  was 

It  worktnen  of  jOgina,  who  beat  all  others  in  fabricating  branches  and 

'  "IS  of  candelabra.;  while  those  of  Taremum  produced  ihe  best 

!(■  ir  sKaJu.      In  cimnection  with  which,  there  is  the  singular  stnry 

Lttdy  Gegania,who,  after  giving  .^0,000 sesterces  for  a  hronxe  csndle- 

■dopied  ua  ill-favored  and  humpbacked  maker  lor  her  companion 

fieir. 

How  nch  in  interast  would  a  dramatic  scene  he  if  laid  in  an  antediluvian 

'•■hop!      (Forges  have  always  been  places  of  resort)     To  notice 

lararlers  of  the  visitania,  hston  to  ihotr  remarks,  examine  the  insfru- 

tenna  fabricated  by  the  artist,  his  niaterials.  (iiel.  belh>ws,  and  other  tools  ! 


PRRPACE. 


There  is  not  a  more  interesting  scene  in  all  the  IlUd  than  the  description 
of  Vulcan  at  work.  But  if  such  a  distance  of  time  is  too  remote,  there  is 
the  forge  of  Kaieah,  the  blacksmith  of  Ispahan,  he  whose  apron  was  for 
centuries  the  banner  of  the  Persian  empire.  The  forge  of  Aurelius  also, 
where  he  made  the  sword  by  which  he  was  while  emperor  slain. 

A  scene  mieht  open  in  the  barber's  shop  of  Alexandria,  in  which  the  boy 
Ctesibius  used  to  play,  and  where  the  first  scintillations  of  his  genius 
broke  out ;  while  hu  subsequent  speculations,  his  private  essays  and  public 
experiments,  some  of  which  were  probably  exhibited  before  the  reigning 
Ptolemies,  might  be  brought  into  view — his  pupil,  Heron,  and  other 
philosophers  and  literati  might  also  be  included  m  the  ploL  Of  the  con- 
nection of  barbers  with  important  events  there  is  no  end — there  was  the 
tatlirig  artist  of  Midaa,  the  spruce  hair-dresser  of  Julian  the  emperor,  the 
inquisitive  one  that  saved  Cnsar's  life  by  listening  to  the  conversation  of 
assassins — the  history  of  the  silver  shaving  vessel  with  which  the  benevo- 
lent father  of  Marc  Anthony  relieved  the  pecuniary  distresses  of  a  friend 
— {here  was  the  wicked  Oliver  Dain ;  and  the  ancestor  of  Tunstall,  the 
famous  Bishop  of  Durham,  was  barber  to  William  the  Conqueror  :  hence 
the  bishop's  coat  of  arms  contained  three  comba. 

Who  would  not  go  to  see  a  representation  of  the  impostures  of  the 
heathen  priesthood  1  Men  who  in  the  daikest  times  applied  some  of  the 
finest  pnnciples  of  science  to  the  purposes  oi  delusion  I  With  what 
emotions  should  we  enter  their  secret  recesses  in  the  temples !— places 
where  their  chemical  processes  were  matured,  their  automaton  figures  and 
other  mechanical  apparatus  conceived  and  fabricated,  and  where  experi- 
ments were  made  before  the  miracles  were  consummated  in  public  But 
it  is  impossible  to  enumerate  a  tithe  of  the  subjects  and  incidents  for  the 
drama  that  might  be  derived  from  the  history  of  the  arts  :  they  are  more 
numerous  than  the  mechanical  professions — more  diversified  than  articles 
of  traffic  or  implements  oi  trades.  The  plots,  too,  might  be  rendered  as 
complicated,  and  their  denouement  as  agreeable  or  disagreeable  as  could 
be  desired :  and  what  is  better  than  all,  in  such  plays  the  moral,  intel- 
lectual and  inventive  faculties  of  an  audience  would  be  excited  and  im- 
proved— science  would  pervade  every  piece,  and  her  professors  would 
be  the  principal  performers. 

THOS.  EWBANK. 
JV-Ms-Kmb,  Dteambvr,  1841. 
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BOOK     I. 

PRIMITIVE  AND  ANCIENT  DEVICES  FOR  RAISING  WATER. 


CHAPTER    I. 

Tba  (abjoct  of  taiatnf  water,  tbHrafflnf  M  Phitiwophtr*  aDd  Maohulei — Led  to  (be  lanntlon  of  tho 
heeni  EhkIim— Conuected  with  the  pracent  adrancad  Kale  of  (he  AH«-^>rlgin  Of  the  omIU  arU  loat— 
neir  hiitorr  ueglecied  bjr  the  AucieDta— Ftnt  lDT*Dton  the  f  reateat  beneheton— -HamorUla  at  then 
periahed,  while  ■ccdddu  of  warrjon  and  their  acta  perrade  and  poUule  the  pafei  of  hitter; — A  record 
■f  the  origio  and  earlj'  ftofieta  of  tha  arli  mora  unfol  and  iolerettiDg  than  all  the  worka  of  hialoriaa* 
attaoc— Tba  hirtory  of  a  aingie  tool,  («j  that  of  ■  hammer,)  iDvaluable — In  the  gooaral  wreck  of  the 
■tta  of  the  ancienta,  moat  of  ibeir  daricea  for  railing  water  preterved — Cauae  of  Ihia— Uydranlic  bm- 
ckiDca  of  Terjr  remote  origin— Few  inranlod  b;  tlie  Oreeka  end  Rotwana  Arrangement  and  diTiaion  of 
IhaiDbiact. 

Althodoh  the  subject  of  this  work  may  present  nothing  very  aUurinff 
to  the  general  reader,  it  is  not  destitute  of  interest  to  the  phtlosopher  ana 
intelligent  mechanic.  The  art  of  raising  water  has  ever  been  closely 
connected  with  the  progress  of  man  in  civilization,  so  much  so,  indeed, 
that  the  state  of  this  art,  among  a  people,  may  be  taken  as  an  index  of 
their  position  on  the  scale  of  refinement.  It  is  also  an  art,  which,  from 
its  importance  called  forth  the  ingenuity  of  man  in  the  infancy  of  soci- 
ety ;  nor  is  it  improbable,  that  it  originated  some  of  the  simple  machines, 
or  jnechanic  powera  themselves. 

It  was  a  favorite  subject  of  research  with  eminent  mathematicians  and 
engineers  of  old  ;  and  the  labors  of  their  successors  in  modem  days,  have 
been  rewarded  with  the  most  vtduable  machine  which  the  arts  ever  pre- 
sented to  man — the  STEAM  ENGINE — for  it  was  "  raising  of  water" 
that  exercised  the  ingenui^  of  Decaub  and  Worcester,  Moreland  and 
Pafut,  Savart  and  Newcohen;  and  those  iUustrious  men,  whose  sac- 
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eowive  luboTt  deTolopod  intl  iiuuiir»l  lli«t  "  cemi'tminipment  enginn, 
whirh  "  (JrivftJi  ii|>  wiu«r  by  fire."     A  iD«ichif>c  th»t  hiu  strtittly  pc»tl, 
chnngwl  iiiiJ   immeasurably  improved  ihe  stale,  of  invii  yocint^  ;  and 
wlildi,  in  (■■■iij million   witii  the  PurNTisc  riiKSS,  in  deatirw-'d  to  re     ' 
l^ith  llir  imlitical  aiul  moral  world.     The  subject  is   therefore,  wtt 
C'lniiwtwl  witli  the  present  advanced  stafi?  ot  liio  art*;  and  rhe  a; 
pnjyiv»»  rmule  in  Uiem   dmiiig  the  Uisi    two  ceiiturip^,  may  he  aiirj 
m  Biinio  deifF^e  Ui  iu  cultivation. 

The  origiu  uid  early  history  of  thia  art,  (and  of  all  oilier*  of  primmre 
ttnitts)  ar«  irrecoverably  loat,     Tr^ition  lia«  acarccly  pr*-«erved  a  ain^le 
anecdolft  or  circum»tiuice   tf  Uting  to   those  tneritorioas  men.  with  wh 
any  uf  tlie  luieful  arUon^ated;  and   when  in  proocaa   of  time,  mistor 
took,  hwr  BtaUoQ  in  the  temple  of  science,  her  protcssori  de«tned  it  beru^atl 
her  digiiil_v,  to  record  the  acliooa  aod  tires  oi  men,  wiio  wot«  iiierfly  i 
Tenlorn  of  macliines,   or  improvers  of  the   useful   ari^ ;  tliua  nearly   > 
kiKiwttidi^eiif  ihoAc  to  whom  the  world  is  under  the  highust  of  obliga- 
tions, liaa  penehi'd  forever. 

The  BCHoi..»R  mounts,  and  the  antiquary  weepa  over  lbs  wrenk 
anciom  leflniing  imd  an — the  PHiLOMjpnan  regrets  thnt  mlBrii-nl  t»f  bo 
has  not  been  ore^erved  to  etiiciilate  ^ev^rnl  interesting  diiM:ov>;nra,  whic 
history  ha*  mentioited;  nor  to  prove  ihRi  those  principles  of  »<-ielico,  upo: 
wbioh  the  action  of  aome  old  machines  depemfed,  were  imdt?rar«c>d  ;  nn 
the  incnA.vtc  intjuires  in  vain  lurthe  proceases  by  which  hi*  prfdoovaaon 
in  romoie  ages,  worked  the  hardest  grajiite  wiuiout  irnn.  tmiiepnrlm) 
in  laawes  that  astound  ns,  and  used  them  in  the  erection  of  atupo 
buildingi*,  apparently  with  the  facility  that  modern  workmen  lay  bricl 
or  raiae  che  bntels  of  doors.  The  machine^t  by  which  Ihvy  wera  ffleral 
are  as  unknown  as  the  individuals  who  directed  their  movvmenta.  Wi 
ere  abnosi  aa  ignorant  of  their  modes  of  working  the  metiils.  of  their 
loys  which  rivalled  slecl  in  hardness,  of  Uieir  furnaces,  rnicibles,  ai 
tnoulda  ;  ihe  deciils  of  forming  the  eunobUn^  siuiue,  or  the  more  use 
skiUei  or  cauldron.  l>id  dm  ancJeuta  laminate  meml  between  rollara,  u)i 
driiw  wire  dirough  plates,  «»  we  do  t  or,  woa  it  exiended  by  hitiuinura,  af 

>nie  spmimens  ofboth  snem  to  show  f     On  these  and  a  thouxand  nthi 
,  _objecls,   much  uncoriamty  prevails.      Unlbnunatelv  leiimed  nirn  of  ol 
deemed  it  a  van  of  wisdom,  to  conceal  from  ihc  vulgar,  all  discnvrries  i 
science.     W  iih  rhts   view,  iliey  wrapped   them   in  mysticnl  litpirits,  th" 
tlic  people  mighl   not  apprehend  them.     The  custom  wiu  ut  one  time 
general.  Uiat  philo.iophGra  refused  to  leavo  any  thing  in  wntmg.  exp! 
tory  nf  their  nts'^iirchea. 

whenever  we  attempt  to  penetrate  that  obscuiity  wfaieh  concmJs 
our  view,  tlie  works  of  tJiu  ancients,  we  are  led  to  regret,  that  suiac 
their  ukcuakius  did  not   undertake,  for  the  sake   of  pustvrtly  and  I 
own  fame,  ro  write  a  biaiory  and  description  of  their  inuchiDua  and  man' 
"  ctures. 

Wc  know  that  philoMphers,  getierally,  would  not  mndesevnd  in 
Ibrtn  such  a  tmk.  or  stmip   to  ar/juire  Uic  retjuisitn  infnritiuticin,  fnr 
dwrned  it  discreditable  to  apply  tJieh'  energies  and  lunrnint;,  to  the 
dalion  of  such  euhji.Tt^.   (Few  could  boast  mih  Kippiiiii — who  wtt^  ma^ctr 
of  thii  liberal  and  furcAami'Vil  arts — the  ring  on  h:s  hni^er.  the  tunic,  clnak« 


al- 


'£' 


elatTH 
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iil.ii"-    iiti)  rnl  ii  iutu  nvir*™."     lUi-l   iiii 
'Ihi  siiciiiil  e 'iM 'till 111- 
.;.ira  t>iuwl,  awl  •■  (turL 
•.f  rftrat'l  tiHttftmttM.uhtoughl  from  i  iir-iu>n 


I'X.)  Slutt/ry  poilmted  with  aceovnU  of  Warrwrt,  3 

and  ilioe*  wbtcb  he  wrofa.  were  dra  work  of  hia  own  hamlB-}  FUto  in- 
i^KimI  wiUi  greut  iiidigmiuon  ai^iiiiut  Arch^tui  aiid  Euduxiis,  fur  lisvitig 
iMneil  aiid  frorriipunl  Uic  excclltiu^v  «'''  ^vinwtrjr,  by  tnectiiuuctU  iio- 
liitiuiu->,  cattHiiig  lier  to  de»ct;»d,  lu  lie  owd,  frum  iunor|Kir<;iiJ  and  intollee- 
lual  to  4&ii»iLile  ihings ;  aiiij  lililiif iu^  her  u>  itiaLu  use  of  uiutor,  whicli  re- 
i|uircs  Duuiual  labur,  oiid  i»  the  obit^ct  of  servile  tnules.* 

Ti>  tiie  un^vftleBcc  of  mi<:Ii  uripmlojofihical  tiutiona  amongmbe  leanwd 
meu  of  old.  may   lie  ultrihute<l,  the  irretrii>rable   lota  of  mformauvD  tv- 
tlie  pTuouDcm  nu)chstiic»  of  ibe  early  Bge«)  chose 

..."  rt^'urjiing  wit*, 

Wild  graced  (licir  age  witli  n«»  invantod  rnia."  Vww^  £»-  vi.  90O. 

Tbflir  vrarke,  their  inVL-iilioiis,  nnd  ihvir  names,  are  buried  boDt-ath  ttie 
waves  of  oblivion;  whilM  thu  lik:bt  and  M'oriJilt;«)i  incmurials  of  hurtms, 
faiacl^  to  cnllvd,  huvc^  tlontrd  on  iht;  surface,  and  hiatury  hiu  l>pr«nK;  |h>I- 
iaiej  with  tmnti'd  Jtrfcripuons  of  men,  who,  without  havitig  added  an 
aloin  In  ihv  wuolch.  ur  to  the  hapyaumi  of  Mciety.  Iiuvc  boen  portntueil 
to  riot  on  the  frail  nf  other  mon's  luhnrs;  to  wade  in  the  hlood  of  their 
Bpccics,  and  to  br  hcraldrd  as  tbr  honorable  of  the  cMirth!  And  Btill,  as 
in  furmor  times,  humanity  iihtiddenf,  at  these  ntonfttcrs  being  held  up,  at 
tV-v  i^'v^Tisly  arr.  to  the  admimiion  of  the  world,  sad  even  by  aoma 
.1  i-x),  as  cxntnples  ffw  our  children. 

'  i«  c  may  reas>nably  hope."  mys  Mr.  Davies  in  bis  popular  worit  on 
dbeChmrse,  "that  the  science  and  civilization  which  bave  already  greatly 
f  '  '  iKe  boands  nf  our  knowledge  of  foreign  ootmtries,  may,  by 
'S  the  vulgar  admiration  of  such  peMS  and  actnirges  of  tbo 
hurniui  ra<-r,  i»«  ni'litary  conr^uenirs  have  tuuiuly  proi-ed,  advance  and  ft- 
o)itnb>  the  {M'31-iijiil  intercotine  of  tbe  most  remote  oonnlries  with  oncb 
'     '.  and  thtiruby  tncreiue  Me  gateral  ttock  iff  htundedgt  amd  haf 

^  monkind."     Vol.  1,18. 

"  Of  what  utility  to  o»  at  lliis  day,  in  citlipr  \imrod,  Cyriw,  or  Alexan-I 
d«".  or  their  ttuRcefttora.  who  have  a«(oni«hed  mankind  from  time  to  lime ! 
Hth  al]  their  magnificence  and  vast  doiignn,  they  are  returned  into  notbir 
b  regard  to  iis.  They  are  disperited  like  vapors,  and  have  vaniaheS 
lik^  phaniomi.  But  the  lsvuntorr  of  the  AitTS  arid  bcibnom  labore>d 
iJbr  ai-L  4nB8.  We  still  enjoy  the  fruifs  of  their  application  and  industry— 
ii*y  have  procured  for  us,  aU  the  ct/m>mtencifa  of  lify—^ey  hare  caih 
rd  all  nature  to  our  uaes.  Yet.  all  our  admiralion  turns  genernlly  on 
lie  of  those  h^^roea  in  blood,  while  we  scarce  take  any  nodofi  nf  what 
to  the  fNVRKTORS  or  TBS  ARTS."  RoUm'n  lutrvdmctwH  to  tic  Aria 
of  the  AncitHtt. 
1  tKnt  (MnsultM  hiatnrV.  only  for  that  which  is  ttxeful,  would  not  pre* 
Wtii  n-Ttwe  a  journal  ni  tne  daily  nmnipiilatiiin*  of  thi:  Uliorem  and  me- 
(  liu    rLimislied  ehilhiiiei  arms,  culinury  iileiiKiU,  aud  food  for  ili« 

t-  -ltd— to  the  mo*t  eliKjiidiit  devcripciona  of  Uxtir  generalA,  or  their 

tJrw  I      And  tut  it  is  now   willi    n;»yi:<r\   to  accounts  nf  ttudi  IraitMtrtiona 
t  age&^jio  will  it  \n-  in  future  with  regard  to  aimttiu-  uiir*  of  tu.>. 
Xarratiotui  nf  political  couvubinii*,  recital*  uf  liattiex,  arid  of 
conferred  on  vialemntrn  and  heroes,   while  dripping   with   liumaa 
rf,  will  hereafter  be  uutiiitiojJ.  or  will  He  read  with  horror  mul  diitgml,] 
hile  piacoTKRlES  in  aciKsct.  and  drscwptionm  op   usKrut  MacHiMKf, 
.will  b«  nil  iu  all. 

It  i«  pleaaing  to  anticipate  ikat  day,  which  the  present  extensive  and 
Bitendiiig  dilfuaion  of  knowledge  is  alxtut  to  usher  in,  when  de3[>otisill| 

'  Plulatcli'a  LtTe  nf  Miimllus. 


Wm-kikopn  t^ihe  AmaatM. 
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«hall  no  longer  bold  lltp  ORRAT  UAKA  of  nur  fp«eia&,  in  a  BtaUi  nf  utiDtttB- 
r .'  iiou,  nnd   oi'  physiral  ilcgnulation,  bcrM-arh   tli«l  •  >icu 

V  -li;  hut  wliuii  thr  ii)i:chiu)ic!!i»r  the  world,  iKo  >  ■:'  lU 

u-uuiiJi,  Abitll  exercise  thM  inOuetiiv  in  aoote-^  to  which  their  UIak^  ea- 
title  ilium. 

If  wu  judged  cnmtctly  nf  ImiQan  cliarncter,  we  shoatd  admit  thar 
menhitiiio  who  mmli'  tlit^  cliiiir   in  wliirh  Xerxiu  SM,   when   iio   rcviewc 
hii  rnij^hlv  hu»t,  or  wiljici(!w><l  Uit-  wo.  fighl  at  StJuiiis,   was  ■   more  iue>' 
fill    miMiittor  of  soricty    ihnii    rhar  ■^\'^s\    king:' — and,    that   the   &r 
who  ronstnicied  thi^  drinking  vr^^eU  of  MikritnniuA,  ami   iht.'  bnus   mfl 
germ  in  which  hii  htwsea  were  fed.  wore  really   mure  worthy  of  pottthv 
tnou)  tlunf",  rJian  ihai  gpn4>n)l.  or  die  monanrh  he  «ervcd  :  nmt,  (f  it 
more  virtuotiit.  more  pnuACWorlhy,  to  alleviate  htimnn  ttifierin<^fl  than 
cau«e  or  inciVBM!  them ;  then  ih&t  old  nM^chanictan,  who.  when  Miircii 
ScrgiuJi  Ian  hi*  hiuid  in  die   Punic,  war,  farmiihed  him  wtth  iin  \r<iK  one 
wad  on  inconijiaruMy  Itftler   man,  than  that  or  any  oih<'r  mer^  warrior^ 
and  so  w.iv  Xw,  who,  according  to  Herodotus,  cnastnicied  on  artificial  Tt* 
lor  lif i^Hiinimuiu.' 

XuluiihatiiMding  the  opinion  of  FUlo— we  helieve  a  duKriptinn  of  the 
WOKKiiinPM  of  D-iinALUs,  and  i>f  Talus  hiD  iimphew;  thomt  of  T(irA>Di» 
Rtra  of  f?fiiiici»  mid  iif  GLAtTCt's  of  ChibA,  (the  allri;;i'd  invcntxir  of  iJir  it 
layintr  uf  inclaln;)  an  accountof  the  process  of  making  ih<'  furnuni)  Lfsbini 

nd  DiMluncan  cauldroiu,^  and  of  the  method  by  wliioh  thi>»u  cdittiraijij^ 
^  untiuf{!i  ill  ^lass.  w<>re  executed,  fragmcnta  of  w)iich  have  cimM^  downi 
to  iiH,  and  A'iiicli  have  puzKled,  and  still  continue  to  puxElo,  both  nur  ar- 
tiittM  and  our  chenii.tu;  (the  Rgiirea  in  which,  of  t)ie  mo*l  minute  and  rx- 
t]uiai(i3  finish,  piui  entii-oly  and  uniformly  through  die  glaaa;)<   d'  to  the 
were  added,  tht;  particulara  of  a  working  jeweller**  shop  uf  PvrMrpolii 
and  of  Truy;  of  a  lapidary's  and  an  en^aver'a  of  Memphis;  of  a  eut-- 
ler'a  and  uphoUlerer'a  of  Dam&KUs;  auil  of  a  cabinet  maker's  and  br»> 
zier'fl  nf  Rome ;  togetJier  with  those  of  *  Sidoman  or  Athenian  ^hip  yard 
— such  a  record  would   have  been  more  truly  luofu),  and  more  realty  f»- 
fertiting,  than  almost  all  that  ancient  pliildaopbort  ever  wrote,  or   poeta 
ever  oung. 

A  dcHcnptian  of  the  rovrfDUes  and  roKou  i>f  Iiblia  and  of  ElKyplJ 
of  Babylon  and  Uyzantium;  of  Sidon,  and  Cartlmge  and  Tyre;  woul 
hi»v«  imparted  to  u»  a  more  acciirme  and  uxteTiaive  knowledge  of 
aiiei(.-nta,  of  their  loaniicrft  and  customs,  their  intelligence  and  prugT«ii»  ic 
ftcience,  than  all  the  works  of  their  historians  extant ;  and  'woota  hav( 
beoo  of  infinitely  greater  service  to  mankind. 

Flad  a  namiive  been  preaerved,  of  nil  the  circumatMicua  which  led 
the  invention  and  early  npplicattnni  of  thn  lkvrr,  thu  rctrkv,  chv  wki 
ruLLKY,  WHKSL    and  AXLK,  Acc ;  and  of  iIiomi  which  contrilnitod   to 
discovery   and   working  of  tho  inetola,  tJic  oac  and   niana^ment  of  fit 
agriculture,  spinning  oi  thread,  matting  of  f<*tt,  weaving  [if  clorh,  Jkc,  \\ 
wtMild  )iav<-  horn  thu  nrovt  perfivct  hinLory  of  our  Hp«>i:i(i*~lho  moit  va]qa 
bin  iif  purthly  Ittgaries.  Though  such  a  work  luiglil  liHVo  bi*r>n  di^tmed  oi 
trilling  import  by   philiiMpbvrs  of  old,  with   whfit    intense  mtrrest    waul 
it  Irnvr   licen   [teruoetl  by    m:i4tntilic    men    in  niudirni    tinun  \    and  whatl 
puru  dolight  lis  exainitialion  would  have  iinjiartcd  tu  evory  intjaisitive  ata] 
mlr)lig>-nl  riiimt ! 

Sucli  a  n:>ci.-rd,  would  tMt  unlv  have  fiUvd  llie  mighty  chasm  in  the  early 
litalnry  of  tJur  world,  but  would  liav«  had  aa  important  tnHuonco  io  pr    ' 

•Ils»d.U.,t7.  kC«M.itt,fiQ0;aiMlv.3M.  Uara4.i*,ei.   •  £d.  bMro.  Aft  Glav. 
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niniini'  ill.'  !,.«(  iDterMU  of  our  nrts.  It  would  havu  cmbnioocl  iocitlunU 
r.  1  farljr  »*anl«,  aiuJ  bi»  nide  cfliirUi  lo  "upfiy  them  j  par- 

li  '  •'iig  rtnineBt  inJiv'uJuiilo,  imd  (lii>  origin  (if  anttHltluviandi*- 

<-  III  iiiveiifiutK,  ftc.   uf  Rurii  tlirillinff  ititrrttsi,  u«  nn  modem  no- 

fell-:  >-'>iiiii  e<|uiil,  nor  the  mu»t  lertilr  imai^iuttinn  *iir|mtB. 

It  would  havp  tTM^rudtvl  n  detail  ofOxiNO  ovcutrid  t<x|Mtnm*>nt^  io  whieh 
irtjii  wni  Hmt  riwt  into  cAUldnin*,  (^>r^^1ii  into  liiitch«t^  and  dmwii  into 
wSrt- ;  Willi  ail  Ki-i'i<uni  cif  thtf  tn<liviJijal)i,  i)V  wboM*  iiigviiuilv  i^nd  pc-rw- 
*>  ifivalit«lik*  (ipt>r«lii>ti«,  WBif.  for  lfa«  fir»t  liiJw  on  ihw  pla- 

ii'  tierloniied.     Fiiiitlly.  >(  wuuM   bavrt  ciiiivmre<J  tu,  that 

(ii  .wen-  the  tfur  HKRctKs  (if  uld,  ilif  yv'iuinc    (n.'iu*(i*ctor«   wf  tticir 

iiji  mt?  Ultctni  woi-w  for  Uic  buitetli  i<t  all  a^''*.  "iid  iiff  |Mnj)>ttt ;  and 

an  itccd'iiit  ofwlinwf  live«  (mit  thtiHCfirnjblxirK,)  iliuuld  huvu  ixrciiptud  tlta 
{Mittv  (if  buitDT-y,  and  wboaK  iianieH  slinuM  Imvr  l>ci.-ii  vmbtUmed  in  «vpr- 
iutii)^  rwinembrutjce. 

A  cdintuolciffical  uccount  nf  a  few  ttudamit-ai  implmen/*,  wnold  liave  af* 
forded  a  cl««r^r  insight  into  the  aute  of  socielv  in  retiivtu  iLrau*.  tiiati  luiy  wri- 
DBK«  now  fubaiiting.  Nay,  tf  we  could  re«lizo  a  complete  history  of  a  nigir 
IOw,«tii  hammer,  a  saw,  acliiiel,  a  bau3l)ot,«o  au^r,  or  a  loom,  it  woolj  fhnn 
amnreonrnjirebenrirehisrorvofthe  world,  than  has  ever  hwti,  or  ucrhau 
•»er  will  t'c  wnqen.  Take  tor  example  «  /tammfr;  wliai  a  multituue  of  ui- 
tnvfflinc  circ'iiiisiAnces  are  insepnr&bly  connected  with  itiji  develnjimcui 
•ad  early  nsea  !  rircum«taiii.'«s,  whicli,  if  we  were  in  pos«e«sion  of,  uniitd 
explmin  almnsi  all  that  ia  dark  and  rayiteriouH  respecting  oar  ancient  [iro- 
gemt""".  A  hiatory  nf  ihia  implement  would  embrace  the  origin  and  ge- 
rtf  •'is  of  aJt  the    OAefal  arm ;  and    would   elucidate  the  rivil  and 

••:  ■  iiniremrnta  of  man,   in    evei-y  age.     It  would    open   to    nijr 

new,  the  puolie  and  private  economy  ol  ilic  ancients:  introduce  iis  into 
tbe  interior  of  their  workshops,  their  dwellings  and  tlieir  temples;  it 
woqid  illnstratt!  ih^ir  manners,  pnliucs,  religion.  BU|>ersiiDoii,  &e.  In  tr»- 
cntg  the  mnoiis  purposes  to  which  it  was  applied,  we  should  become  ac> 
caamtisl  wiih  all  thn  malcrial  rransactionii  in  the  lives  of  some  ancieni  in- 
oituIuaIs  from  thrir  birth  !'■  their  deiith  i  ami  also,  with  the  circamstanccB 
winch  leil  to  div  riac  and  fiJl  of  empirvs.  Like  the  celebrated  "History 
of  a  Otitnirii,"  it  would  open  to  our  iiispeolion  all  ilie  miuudiu  in  private 
and  piiblit-  life- 
Hew  aifuriitdy  varioiu,  arit  the  materiids  Ei7.es,  forme,  and  uses  of  the 
haminrr  ?  ;uid  bow  indicatiTc  ore  tln-y  all  of  ihi*  stntn  of  society  and  raou- 
uumi  Al  tir«L,  a  clnb;  then  a  nulc  nudlei  of  wood  :  uexl,  tin?  head  Ibrm- 
91I  vC  sloiM.-,  aiul  iMiuiid  to  the  handle  by  withes,  or  by  the  sinews  of  otn- 
nal*:  uft<.'nvtird,  tht*  head*  funned  of  nii?Tul.  Thi'iie,  belbre  iron  or  steal 
«rHlui'"-vi,  wore  oflun  of  cupfiLT  and  evtm  ol' gold;  and  KubsCtjUPnOy, 
thoBe  I  T  matunal  were  fuoed,  like  some  aociout  chiseU,  with  the 

oiOT?  ■  i.-xpannve  iron.* 

iimmera  vaiicd  as  now  in  sixe,  from  tlw  fauuc  sledge  of  tlto 
('  'Ik-  ixmable  one,  with  which  Vulcan  chand  the  more  delictilc 

«  'd  of  Achillet, — from  the  maul,  by  which  mika»cs  of  ore 

f-  ■'■■"■'  'heirb«>di»  iu  the  mines,  Io  the  diminutive  ooec,  which 

^1  14,  «ad  Theodiinu  of  SunoK.  ui»ed  to  Qibricaie  car- 

i>u  i>vi>":3  oi  laetkl.  wbioli  viere  so  minuitt  lu  10  be  covered  by  the 


"  u  \!p\M»n  tint  io  III- 
|nU  tmaiui'T*.  kniK*.  -i 

hU'  '•• 1  .f.i.'.  .'..a;    .fi..-,,,.     :.. 

1<  ■■■d  'tpfMnatiilvUiilim 

Ici  411 


•  al  suMttiac  riirnnci>*.  rnnttd  in  Kilvria,  thai 

I'D  ilorotnii-iJ.  Iht  rtf«t»  of  vku-k  wen*  hIiiI* 

t,  of  111*  ni«,  tli«  Jiiriculij  of  luaiiitfactiinng 

I  valae  i>r  iIm  othar."    Bnonlifio  Traok,  Bos- 


TAe  Hammer. 


THonk 


wings  of  n.  fly.     hs^gure  has  always  vuried  widi  iu  nscs,  mnd  ntme  ''■ 
mttdvni  workers  iti  the  nwtali!  can  rcitlize  Uie  endless  ^-)unI•ly  nf  itx  sfaiuif 
which  ths  uicicni  smiths  rvt^iiinHl,  lo  fsbriuaie  the  wonderfully  diventrtic 
iu-ticlc4  of  tboir  inanualctun* :  fn^m  tbt-  nuiMive  bnuEcn  lUtan  wul  «hsnoc 
to  thi?  cha«cd  gnliloiA,  nnil  mvalttJilt!  mpod^t  or  va«es,  for  the 
iif  which,  whol«>  citK4  ctoiu-mlwl. 

The  hut/iry  of  ihc  hammer  in  Irs  witlest  range,  wouM  let  iis  inw 
Herets  of  iho  .tlainario^  and  sinne  i-titu^ra  of  t^ :  we  should  leant  the  pr 
CMi  of  making  lltoiW^  mi^tallic  tvunpouruid,  and  wnrking  tliem  into  ttMil 
with  which   xhc  Kgj'pdan  mechanics  wulprurrd  those  indurate  rolumt 
diat  rvisi^l  the  hest  tempered  steel  of  nHxloni  lUys.     It  would  inirodune 
to  the  ancient  chariot  makers,  cutlers  and  artiinrcrs;  and  wmdd  trucU 
how  to  make  and  temper  the  blades  of  Uiunascus ;  a»  well  u  those 
wore  i'orgud  in  the  PxienMre  louiuflLCtnry  of  the  fsthur  of  Detnoet 
It  woald  make  ua  familiar  M^lh  the  tmn  of  the  enci<>ril  carpenters,  coiner 
coopere  and  jewoUern.     Wk  should  Icani  from  it,  Uie  procfMg  of  for 
died  and  striking  money  in  the  tcmptc  of  Juno  Moneta ;  of  making  the 
kina  and  pins   for  the  head  dre^M's  of  Grvek  and  Roman  ladies  ;  while  at 
the  rcli^ous  festivals,  vrc  should  behold  other  forms  of  thia  implcnuiBI 
in  use,  to  knock  down  victims  for  isrnficc  hy  the  oltari. 

Finally,  a  perfect  history  of  the  hammer,  would  not  tmly  hsrt^  made  ns 
acquainted  wiifa  the  origin  and  progreiis  of  the  useful  aru,  among  the  prii 
mc^-al  inhabitants  of  tku  hemisphere ;  but  would  have  aolvcd  tlte  gr 
jirublums  rMpccting  thoir  connection  witli,  and  migrsticm  intta  the 
woild. 

fiut  although  wo  justly  deplore  tlie  want  of  iiifonnatiou  rt'lalin^  to  the  arti 
in  genenU  of  die  remote  ancienta ;  it  in  probulilu  that  few  of  ihf  ir  deviren  for 
raising  water  have  W^'n  whtiily  lost.  If  iheit"  was  one  art  nf  morf*  imjKirtaiice 
than  another  In  die  early  JTihahitaQt^  of  Ct^vmALAsi  tend  tlie  pallet  opt»« 
Nile,  Ir  wa^lhat  ofraisintrwalur  fora^culltiral  purpoees.  Notrtt 
genera]  wi-lfare,  Wt  their  very  existence  depended  upon  the  anitr 
tionof  tlieland;  hence  fheir  tnjrenuitjwaa  early  direnteil  loiliecutistruni 
ofauifAinex  fortliis  purpose  ;  and  ihcy  were  stiimiUtcd  in  det-ising  them,! 
tfaemoBt  powerful  of  all  iDducemcmlA.  Tlinl  macliiiursmiiBt  have  been  ituii 
pnua&lr  m  past,  as  in  prcaenl  times,  u  evidiint  from  ihu  cliniaies  and  pjij 
sicol  conatitutjon  of  tboBO  amnfTifs-  Tlw-tr  importance  therefore,  ami 
▼erobl  use,  have  boen  the  meaiwuf  ihirir  prcacrvntjon.  Nor  is  it  prnbablf 
that  any  of  them  were  ever  lust  in  the  nuniL-rous  political  cunvtiUiona  of- 
old.  Tlu^ae  seldom  alfer ted  the  pursuits  of  ogrieulture,  and  never  ehi 
the  long  estahlished  tnodcs  of  cultivation;  besides,  hydraulic  appaftt 
from  tbetr  uiiliiy,  were  as  neccsaary  to  rhe  comjiierors  a.*  th>    ■  i\.' 

1*crhapa  in  no  deportment  of  the  useftd  art;,  has  less  chm  ;i1aiM 

thfvn  in  Asiarie  and  E^-jitian  afifriruliure.  It  is  the  s»mn  noM ,  :li;ii  ii  wn 
thouRinds  of  years  ago.  The  implements  of  hu«lnndi'y,  modes  of  irrij^ 
tion,  and  devices  for  rai&ing  water  are  similar  to  timse  in  us^r,  wlien  Ntmt: 
and  Xttbuchodtiexzar,  .Scsostm.  Solotnoii,  and  Cyrus  flouni>he<l.  And 
would  apitenr  duir  the  same  unifi/riaity  inthrae  machines  pr^.'-vailrd  >)ver< 
the  cast,  in  ancitmi  as  in  modem  limes :  a  fact  aucoutitr<)  fur,  by  ilie  ^tva 
and  ronstani  intercourse  hcfw<vn  rontinental  ami  neighboring  nations;  iIh 
proriioc  of  warriors,  of  tnui«portiiig  the  inliahitants  and  especially  die  mc 
ehanto)  and  works  of  art,  into  other  lands;  and  also  Ihmi  Uie  grMt  inif 
tonee  and  umrerul  use  of  u-tificial  irrigation. 

*B«ll)a*  wp!  ■uoMiiiitte*  fouglit  In  oue  Held,  whila  laboren  wm  eallnalinf  uiuiuw 
IwHd  tb»  Uud  vC  ui  adjotRitig  aaa. 


C)i«p.  1.]         Hydraulic  mackma  of  tie  AndeMt  not  loat, 

Bvary  pan  uf  tlt«*  cti^irm  world  hu  uAm  had  its  ioiLBtihaou  turn 

by  vnx,  uhI  tiii-ir  places  occupied  tiy  otiiers.     This  pnctice  ot  Donqoo- 
waft  •cmerinvft  mixliRiHl,  <»  rT^s|>i<ct<:td  the  peasantry  of  a  sutKlacd 

tTUsXis,  l>ui  it  up|M_*i-<T:<  t)iiit  tktni  very  remote  ag(^  mrehimia  wcm  inx-n- 
ilyekfTwd  ofi.     Tin-  rh.iiiciuiis,  in  a  war  with  ibo  Jowi,  deprived  thtm) 
of  PTr.»ry  man  -who  Odold  foi-.^p  Iron.*    "  There  was  no  sniith  Intuid  Uirougl 
all  the  Luid  of  Isnu.!;  tiir  the  PliilidDiwa  mid,  le<i  the  Hebrews  ir 
and  «pean."     Siialhanbzkr,  when  he  rooii  Samiuia,  airned 
3p)c  "atray  out  of  their  own  UiimI  i^*)  A:«ftyi'ta,  aud  the  king  of  AM^-ria,  - 
ight  riK-n  frooi  Babylon,  and  from  CuihAh,  ^nd  trom  Ava,  and  imtit 
Haniaib,  nad  frou  Sepliarvnini.  tudtead  of  ihi*  childn^n  of  Israel ;  and  rhcj 
pcMflcHcd  Samaria,  nud  dwelt  in  ihe  citje*  thereof."''     \\Ti>'ri  Nehucl: 
oeziar  uxA  Jcnualom,  he  lurried  oH",  with  thf  treiwure  of  the  urnple,  "  alt 
the  efwfiwiwn  Aiwl  smidu."     Ji'rfmiah  say*  he  carried  away  the  "carpon- 
ters  n  ,  Olid  brought  them  to  Kal.yt.^n."     DtodiiruB  M»y«,  tlic  p« 

Uet»  i-nli^  and  Sum  weno  hiiill  hy  mechanics  that  Oanibyw«  eai 

■r ,■     Anrieiit  hi«orj'  i«  full  of  similiir  esnmplei.     Alexat 
i:  tp  a  irrcal  i-sieiit.     iVftpr  hi«  liexih,  tliew  wiis  fniinii  luiwjrtjf' 

hi«  iiii>ifi>,  a  rruvliiiiiui  lu  build  ttevi-ml  citti-s,  »on:>i^  in  Kurone  and  xtUK'  )ii 
A^a;  atul  iiu  dfiigo  vnw  tO  iieopk'  ihtwc  in  A«ia  with  Tjiirojican.-i,  and 
tbuM-  in  F^umpr  witli  A«iiuicit."  In  this  rnatiner  Mfoie  of  llie  nio«l  u»t>ful 
■trt-  •>•  ■  "-.mnly  becAme  common  to  all  the  nations  of  old;  uiid  thulr  per- 
•omi;  degrree  »«cur«],  es|>eciiLll^  such  a9  related  to  llie  t)Uag« 
ai.u  ii.i^.iLiun  of  ihu  ftoil. 

Wr  uiv  iurlined  to  believe  dtat  the  hydraulic  tnacltines  of  the  Asay- 
tiaos,  Babytoiiian.1,  IVriuaiis  aitd  E{Ef^*ptiaiui,  have  »lt,  or  nearly  all,  conto 
down  lo  lu.  MiiMi  i»i'  them  have  ticeii  conriiiinv!  in  un!riterru[iteil  tiw  in 
iImmt  cimiitrii^  tt>  ibe  preMitit  limrts ;  while  Dlhert  liave  rciuJiKd  u»  lliruugfa. 
the  Grvi-k*  and  KimiutiK,  S)irareii«  and  .Muors;  or,  \w.vts  bet>n  obuiiiu 
in  niodirm  davs  fnuii  Cliiiia  and  Huulrwlan. 

It  u  retnorkablf'  Uiitt  aliitri^t  all  nuu^httie«  for  miain|v   water,  originawi^ 
with  the  •Jdri  natinns  of  the  wurlil;  UMllier  tlie  Grnelin,  (if  Uie  ii*-rew  of 
CmiiKi  lip  FXdi-pted,  »n(l  e%-en  it  won  invMited  ix  EaiiT,)  nor  th^  Hmnaiiit, 

Jod  11  •intjle  ow  to   tht^  onoi^ni  irtrick;  nor  14  this  lurpt-i^iiig ;  ftir  with 

V  Hxcirptiutit,  iJiOM*  in  MM'  nt  llie  prtfuent  dny,  lire  fitiier  iiltrttlioil  with, 
ur  but  uuMiScaUotiM  uf  tJiiMe  of  tito  oncienU. 

Il  is  atletjcd  llial  iVrch^tan  of  TarentAiiu,  4(KI,  B.  0.  invented  "hythrau' 
iitr  fnacAtnet,"  btU  nu  occnatit  of  tlieru  ho*  reurlwd  our  titueft,  ni>r  do  «re 
know  ihttt  ihey  were  dexigued  to  raut  waitiv.  Ihuy  conmted  probably, 
in  ibe  applir^niiou  of  ilie  windhias  ur  cnute.  (Uie  latter  it  ta  said  he  iuvent-- 
rd)  tr)  laov.  '      -s  for  ihli  purpose.     Hod  any  iin)K>rtaui  or  unefu]  mo- 

chine  for  i  '  r,  beuit  devufi-d  by  him,  it  woultl  have  been  continued 

tu  UK;  ami  '>  njlil  curuuiily  have  l>ceu  noticed  by  Vitnivlufi,  vrho  was  ac- 
tpioiaied  witli  hid  invuntiooa,  and  who  ini^nliuna  hiin  several  times  in  Iiu 
Wiirk.     1  l>.r)ia]i.  I.,  and  9  b.  ehup.  3.« 

\Vk  Iiave  orriuiged  (he  miu  luiii-»  described  in  this  work  in  five  chutes; ' 
to  each  of  which,  a  sepanMe   boor   is  devoted.     A  few  chapters  of  iho 
Snt  twmk,  ore  'occupied  witli  ivm^ks  on  wateb;  on  the  ORiaiN  or   fEl- 


H«Bi   ehuj*,  IIU.  19.  a.     *V  Kin^  rliap.  ivti.  '£1.  "U.     'OmucI.  Tmb.  i'li,  13. 

n  >  ■  •iliu.  (|iM(e4  by  RubcrtratL    IwUa  pn)t«  19)     n"^  Wilkiii*ou'a  AncwBt 
■mi 

•I  «niniaKU>n  pij!««n  or  woa«l  whicli  wonld  fly.  ||  was  iliu  probably, 
:  1  111  iba  nittieTa  nwebaaiciuii  of  NuriMnbar|;ti,  wha  cuatuacbrd  as 
'•wnnla  Cliail4R  V.  oa  Us  entrsnce  into  that  cii^. 
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an.B  for  cotnoiiiiog  it;  on  wellb  uid  rouMT4Uu,  and  cuatrans  cuituoctrd_ 
wiili  Uwm.  5co. 

Some  penona  arc  apt  to  tuppow  iba  tenn  ■yniuui.io  mtuJunu,  coinpriil 
M«  evvry  device  for  raising  walor;  but  soch  is  out  tbo  CicU     Ap[><inUua] 
profKiied  by   it,  as  tjd«i  milla,  &4.*.  am  b^'ilrauliu  nuicliitiva;  Uiusv  -flu 
ntutti  [he  li<juid  at  all;  while  on   ihu  etinirary.  all  those   fur  (.-levuiitif;  it 
u  hich  are  comprijed  in  the  secoud  class,  ore  puuuDiulic  ur  livdrt>-pni;iiiuaii< 
machinefl,  ihetr  aciioii  depending  on  thu  pnsimre  and  rluaucity  ul'  tikc     ' 
nu)«pbero. 

Tliejlrri  CIa«s  includes  those,  by  which  die  liquid  isehsvatcd  in  movable 
vewt'U.  by  niediauical  force  applied  to  die  Irtticr. 

Water  raised  in  a  bucket,  suspeudAd  to  a  cord,  and  ele\iited  by  the  1 
or  by  a  wiudlasa;  the  oeiniaon  pole  aiid  bucket,  used  daily  in  uiir  rain  wg 
icr  cinienu;  the  sweep  or  lever  so  common  ajnoiig  our  funwM.  are  K>JLiun-i 
pies  of  this  class;  so  are  the  rorious  wheels,  m»  die  lyiiipaniini,  miriii, 
chain  of  pots;  and  also  the  chain  pump,  and  iu  modificanoiid.     Thia  CIii 
embrooes  oil  the  principal  machines  u«ed  in  the  sncieiii   world;  and  the 
groater  pan  uf  modem  nydmuUc  machinery  13  deriv^  from  it. 

The  »frmui  Class  comprises  such  tut  raiiie  wai^r  through  tubes,  by  means 
of  tjie  eUstirity  and  pnMtsuro,  or  weight  of  tlie  Atmo^thcre;  as  tue&iag 
pumps,  so  named  r  siphons,  syringes,  &c 

The  aplication  of  ilicse  machines,  unlike  those  of  the  first  olajs  is  thm^ 
ted,  because  ihe  luraoephere  is  only  imiBcienc  w  Aipjiort  a  column  of  wate; 
of  from  thir^  to  thirty  live  feet  in  perpendicular  height;  and  in  elevaun 
oonncries,  (as  AlRxir^)  much  less.     Kumerous  mndificotions  nf  these   ma 
chines  have  been  mode  in  modern  tmies,  but  the  pump  itjelf  is  of  ondi 

**"£?*• 

Tboae  which  act  bjr  eampreuion  nm  described  in  the  third  V.\u9,     T1« 
liquid  being  JirA  adnnitcd  into  a  close  vcaae),  is  then  frrrcihly  cxpellc 
through  an  uperaire  mode  f^r  the  purpose.   In  sottie  nucliinca  this  is  eflert 
ed  by  B  nolid  body  impinging  on  the  surface  of  the  liquid ;  as  th<^  pistoQl 
of  a  pntnp :  in  oihera,  the  weight  of  a  column  of  water,  id  used  to  occom^ 
plish  the  aome  purpO!U). 

Syringia,  fire  pngines,  piimpfl  which  are  eonstrucU'd  on  ihr  same  princt^ 
pie  OS  the  common  bt^Uows,  arc  examples  of  i1il>  fonncr;  and  tlip  fiunoug 
UaoIuiM!  at  (?h(.'mnili  in  Hmij^ary.  Hcrwi'srinimaiii,  prfujiire  c-nginca,  of 
iba  latter.  Nor  can  the  nrigiiiol  invention  of  tlurse  hi-  claiinctl  by  the  mod- 
ems. Like  the  preoeding,  they  were  first  dovcluptid  by  the  oniirgy  uf  ui- 
cnent  intellects 

.    Fourth  Class.   Tboro  is  however  anolher  cIom,  which  t^mbraees  several 
machines,    which    are    supposed    to    be  oxclunivrly   of  modern ongin {, 
and  aome  ol'  them  are  by  fur  the  moM  intercAting  and  phikwiphical  uf  allJ 
Such  M  the  Bc>Ut.-r  hydraulique,  or  ram  of  Montgolfier;   ih<?  ccnn-ifugaP 
purap;  iho  fire  cagime,  so  named  bctiiuse  \l  raised  wiitrr  "by  tho  lit-Ip  of 
fire:     dtat  is,  the  original  steam  engine,  or  machino  of  Worceiacr.  Moi 
knd,  Savaty  und  Papin. 

Ill  i\a^  fifth  Clais,  wo  have  nodci^d  sneh  modern  devices,  as  are  either 
pracdcoliy  ufcful,  or  inicrorting  from  ihcir  novelty,  or  thti  principles  ui 
which  tlicy  act.  •  An  account  of  siphons  \6  compriwd  in  this  cul's.     1 
marks  on  natural  inode«  of  raJsiug  water.     OhservotioM  on  cocks,  pipes,] 
valves,  &c:  oxmI  BOine  general  reflccttons  are  added. 
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CHAPTER    II. 

>  laVMUSM  Ik  Ibe  tcOMwr  of  ■■Ww    fowl*  p«ii  of  tJl  kiMaacM— Pood  aT  all  mL  I 
fkfmait  «b*Bg«>  allKMd  by  it— E*rll><l  «n<*«f  Hi>nk«M»  ohMIi*  |>vb*^-Iii  iUuiBi** 
dM  Of«r  Ik*  «*nh  ■«  ■BUnm— Surtrluo  «f  Ui  artMUb  IV*a  vHt  of  »Mar— A  kMi*la4(*  of  lUi 
■MMnrrlOMBilaMaadlbMr  Btitan— rc4i(ical  lafmujror  Milwiwi     W«on  ■  [«na>HM  fcatw*  IK 
O*  |Mm4H>  (X  tbit  AMMiw    CMitU  oOea  *Ula  by  trmnltn,  M  «lHMk  vM4r  bw  ibcu  ito^th 
Dim  af  ■  drBuabi  uT  imIi  •atos— HjiUmalic  BMhiaB  iifciiaJ  Iv  Mi  FrrlMtiil-      TTii  mM  arl*  utl^  I 

«■•«  M  Art»— m«i)m«  MMUi  nr  rmearui  wmiar— UMnf  ik«  haaJ  u  >  cap— TmUiMw  mpweil^ 
IJMii    fli  jiliiaa  lnJUliB    riitilliMi    nhwuiiiM  mi  ifci  |iiiwiiiii    lua  nf  «■»  «■!    UM*rl(in«rr 

WATHit  w,  in  many  rMpcctv,  tlie  tnosL  impartuil  •nbstanec  knonm  to  man : 
U  u  moro  exteiuively  diffused  ihrcnighout  nature  tban  almost  uijr  other.  It 
WTOn  llio  greaier  put  nt*  tlw  eartli'«  sorfaoe,  and  is  fcpuitd  to  pervade  ill 
iawrior  wherever  excavations  are  made.  It  enters  into  every  or  nearly 
iTary  combtnation  of  ntalter,  aiid  wa*  <>iippnsed  by  some  ancient  philooo- 
ptken.  tu  be  t)>e  origin  of  aiJ  matter;  the  primordin]  element;  nf  which 
vnwj  object  in  ontura  wan  formed.  The  mii>eral  kiiijjdom.  vrilh  itg  varie- 
ffUOCI  aumtaaoes  and  clin'tnalizations ;  the  infinitely  diversified  nnd  cnclian- 
&Bg  prodd'tinns  of  ihc  vegetable  world;  and  ev«>ry  liA-ing  beini;  in  uiimao 
ftMM"ir»«,  were  supposed  tO  be  SO  many  modilications  nrthinaq'ieoiiaftuid. 
A  .   to  Vmitrvitts,  ihe  Gg^'plian  priests  taught,  thai  "all  thinfis  cnn- 

»,  Fit;""   ooil  Kg^i  waa  douhtltfss  tbe  source  whence  Th ales  and 

othen*  >J*;nved  ihe  doctntie.     Plinv,  says  "this  nne  ehunem  seemeth  to 
role  viA  couuuand  all  die  resu"^     And  it  waa  remarked  by  Pimoas — 
"  Of  all  thtnfM.  water  ia  the  best" 
Sfodern  Ktonce  has  sIiowd  that  it  is  not  a  simple  sulmaiice,  but  is  com- 
posed  ofiiL  least  two  others;  neither  of  which,  it  is  [loesible,  is  elementary, 
Water  not  only  toriiis  part  nf  the  bodies  of  all  atiitn^U,*  but  it  constitutes 
ihc  ereaicBi  portion  of  ihoir  food.     Every  comfort  of  civilized  or  tiavagc  life 
'■  "pe  or  less  upon  it;  atid  life  iLiolf  cannot  be  sustained  without  it, 

I  r-p  no  r«ius  or  fertilizing  dews,  vegetation  would  cease,  and  every 

1  '  ivuiild  perish-  Even  terrestrial  animals  may  W  considyrvd  as 

1  r.  for  ite  atmosphere  lu  which  wc  live  aiid  move,  is  an  im- 

rii"  I-     .1   '.^  reservoir  of  it,  ana  one  tanrv  cajiaciuus  than  all  ihu  seas  on 
t  tbe  earth. 
SViUurr  13  alsu  the  prominent  agent,  by  which  those  great  physical  and 
mir-il  r!L-.ii '!■«  atv  eflertpd,  wluch  tho  eftrlh  is  contitmally  undcrfTontg; ' 
DOS    elTectB  prmluced  by  it.  through  the  lotig  scries  m  jnat 
...    „.  v-n  rise,  in  modem  limus,  to  some  of  the  must  intoresiiiig 
iBikCB  of  phy«icul  science. 

nsechuiical  utfcciK  produced  by  it,  r^mdcr  ic  of  ihe  highest  tmpor- 
iKicn  in  the  nru.  It  h'bd  the  i>»rlie9t  source  of  inanimate  motive  power; 
K    *'  iiiribuled  mor«  than  all  oUwr  agvitui  lothe  amelinruisan  of  man'a 

1  By  tia  inurtia  in  a  mnning  stream,  and  by  its  gm't'iiy  in  a  falKn^i 

i;:i''.    ii    ii,j.'  !iipt.TK.'<lcd    much  human  loil;  and  hti  ailrainUlrrpd  to  our 
wai;L>,  tmr  plcitsurL-s  lutd  our  profita;  and  by  its  expaiLiInn  into  th«  aeriform 

*  Pnwiti  XV  b.  viH    h  Kst.  Ilbii  uxi.  I. 
-•A  hanuarotywnhwb  wxtgheil  an  bunJrad  and  sixty  |i(Kind»~whniihB  moivlura 
'^  I  erfa|wnlail.  wti^»4  bui  twclv*. 
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Mate,  it  appears  to  lie  drftuied,  (llimu^li  the  steorp  fbgiue)  to  am)rn])1lj| 
the  gmteil  mora]  aiid  pbvtiica]  r)uiit^e«,  wliicli  tlie  iritt>ll»^ctual 
of  tliii  planet  lui%'e  ever  exjMfneuceU,  si[ii.-e  our  sp^-cies  )ie*7ititp  .1  - 

The  dislnliulinn  iif  water  is  Dot  uuiform  over  Uie  earUi's  fiirfarp,  vvr ; 
Itmler  itdcnut.  Willie  iti  aooie couutnas,  iuiIuttU  luuiitnins,  tpipaciuiu  rivi 
and  &ei]ueDt  nius,  preseni  aliuodaaC  sounies  lor  all  tlie  purposes  ol' 
life  ;  in  odiers,  iL  is  extremely  scarce,  and  procured  ouly  wiui  ditfiniilty,  i 
cunsUuit  labor.     Tlii:^  hu^  evc-r  bcvn  the  case  in  variuiu  pitri«  ut'  Asia, 
also  in  Egypt  and  utlier  pans  of  -Mrlca,   where  rain  seldom  iklls.     It 
only  fruin  a  Knowled^  of  lliis  fact  and  of  tJie  temp«ratur«  md  dobililalii 
iofluunces  of  eostcrti  climales,  lliiu  we  ore  enabled  lo  appreciate  tlie 
liar  force  aiul   beauty  of  numerous  allusious  to  water,  which  pcrvn 
the  UTitiiif^  of  ciascern  authors,  both  sacred  and  profane.     Nor  withe 
this  knowledge  could  wu  uuderstaitd  imuy  oi  the  pecuhar  cusioms  of 
pc'plw  of  Uie  eaai. 

Mauomct  well  kuew  that  his  followers,  living  under  the  Bcor 
rays  of  rhr  mxa,  iheir  flesh  alirivelled  wirh  the  desiccating  influoDces 
the  sir,  sikI  "dried  up  witli  thirst,"  could  only  be  moved  to  emhnce 
doctrines  by  stuili  proinisefl  as  he  tnade  them,  of  "  springs  of  living  wau!r 
"security  in  r<liadeti,"  "  xniiddt  gardeus"  and  "  Ibuntains  pouring  lijrth  pie 
ty  of  waier."*  Nor  undd  hi:4  iit^eiiiiiiy  have  devised  a  more  aypropnt 
nuiiishnwni,  than  that  with  which  he  throatcued  unbelieving  Arabs  in  bet. 
They  were  to  ba^e  no  mitigation  nf  their  tnrmeats;  no  cessation  of  thenif 
exn*M  ui  L-ortaiii  intervals,  when  tJioy  were  to  take  copious  draughts 
y'fiihs  nod  ImiUh^  wati.T."^  It  was  universally  believed  by  ilie  ancit: 
the  HANKS  iif  iheir   deceased   Irieiids  ex|ierit;uced  a  suspeiuiion 

inishmeni  in  the  iiifcmal  re^ons,  while  partaking  uf  titc  nrovisions  wbil 
lieir  relative:!  placed  on  llieir  graves.     The  jVramon  legislator  improve 
upon  the  tradition. 

Tbu  orieniaU  Havc  always  coniudered  waiDr,  en'iher  figuratively  or 
rally,   us   one  of  tlw    piincipal   enjoyments  of  a  future  state, 
filiadra,  and  fiiuiiiains,  are  the  prominent  objects  in  their  {Mtrattise.     In 
RirvelirioTLi  wh.  are  told  "  the  Lamb  ahall  lead  rJietn,  ^t>ie  righteous,) 
to  living  fountains  of  waters."  Chap,  vii,  17. — "A  pure  river  of  water 
life."  Chap,  xxii,  I.     The  hook  which  contains  an  account  of  ihft  religic 
and  philosophy  of  the  Hindoos,  is  natoed  ANBKUTKCNn,  signifying,   "the 
'  ciatem  of  ilte  ivaiers  of  life."<^ 

Inhabitants  of  u*mperate  climates,  seldom  or  never  experience  tliat 
oruciating  thirxt  tiuphi^d  lu  »u«:h  expr(T»<iion6  oa  "  the  ooul  paiiUn^  (br  ^vi^ 
ler;"  nor  tlint  i-xtruiitity  nf  deapiiir  when,  under  »uch  auHeruig,  the  exhuus- 
ted  travi'llfr  arrivtf  at  a  plaoe  "  whuro  no  water  is."     TTiwicr  Uk-m?  ci;  ~ 
cumstauocv,  the  orie-iitals  liave  often  bcsn  compelled  to  slay  tbt^ir  cnttii;! 
ibr  the  sake  of  the  wuri-r   ihi^y  might  fiiul  in  tlw^ir  stoiiuiL-lis;  and  a  mil 
0Jte«eding  five  hnndrnd  dullart,  ha«  bi-itn  jjiven  fam  sjiiitli?  draught  iif  it.] 

It  is  neceDMory  to  exporienr*;  xotncliiiii)^  likn  this,  in  onlirr  fully  to  nr 
prebeud  the  imp<(rtanco  of  tlie  Savior's  precept,   ifFpfr-line  the  fiVint^  • 
cup  of  cold  wotf  r,"  uud  In  kiuiw  the  real  vaiur  of  >ttrh  a  gift.     ^ 
then  see  that.  aoorci^K  of  tlil*  li>{iiid  arc  lo  tliR  ont^ntals,  litr'ndly  ", 
ef  life,"  and  "  «Wif  of  ttiiifattoit."     And  whpii  we  become  actjuiiinifd  wit 
tlieir  mciitods  of  rating  watwr,  wi<  nhiill  p>*rceive  hnw  KinguUrly  npfiodt 
ar«  those  illustraluHu,  wliich  die  author  of  h^ccloiitastus  bus  drawn  fn>m  "  d 
pitcher  hrokeu  at  llie  fountain;"  and  from   "  tbu  wheel  broken  at  tlte 
tern."  Chap,  xii,  G. 
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In  fttti-niTitTnc  to  diKOver  the  origin.  vhI  to  trace  the  proffresi  of  ibe  on 
of  rai-  ,  wo  nnL*t  have  reci>ar»»  to  Asia,  the  binhjilacti  of  the  wtt 

tnA  ?<  iiRi  whencsi  lu  fram  a  oentre,  ihttv  lutvi^  heuomu  extended 

tu  th<-  -'•nve  af  the  earth.     It  w»ii  iAere  the  ori^ml  rxniilitis  of 

oox  n».<-  .••>..  .L.  luid  the  inventive  (acuities  of  mun  vmrv  hnt  devetujtod.  Il 
wms  (nim  tht>  ancient  iiihjibitatiis  of  that  mndiipni  that  much  of  ihe  kliow- 
Ir-  '  ! ! y  iJI  i)m!  artSi  awl  mH  a  few  of  the  machinoe  wfaieh  wre  posseM 

t .  wv.ta  derived. 

I  ijiit  ■%m  at  iho  Srw.  imitaOKl  the  lowur  niutnala  in  qaonehltig  bit  tliirac  at 
tW  ruiiiiint^  ^n-Ain,  tlifre  caa  be  tiodaubl.  It  was  natural,  and  bocauau  it 
wmaeo.  hia  dcscendanu  biive  alway?  bet^n  Jl>iiih1,  wiit^ti  under  Binuior  oir* 
cuontBiKWs,  to  fitllow  hi^  •example.  The  intialiiiiiiiis  uf  Xuw  Ilullaod,  and 
other  UTO^iiA  <;  ii*  thifst   in  dii«  miuiner,  <i.  v.  by  la>'iiig  down.) 

The  tndiaas  of  >  i  vrcm  obnorved  bv  ^helviiok  in  1719,  to  puraud 

ifaa  fame  method.     "  W'Uea  llie^*  waut  to  dniik  tbey  go  to  iIih  river."* 

Tba  beatbeu  deitiu»>,  wlto  ui  general  weiv  diautigitishud  men  and  wo- 
men,  that  wcrr  tdnltsed  alter  death,  are  reprewmed  as  preotimng  thi*  and 
BitiuUr  primcTal  custottu.  Thtiii  Ovid  deacribes  Latuma  on  a  joarney,  and 
Uagaiabing  witb  thirst,  she  anivaB  at  &  brook. 

And  Itntftimg  un  tlie  brink 

SiMipMf  ai  th«  /iwiA  ripuT,  prriiMCil  lo  dnnk, 

llui  WA»  kiuikroil  by  Uw  rnfable  mm.    Mtum.  vi,  £00. 

When  circuin»taiii:ei  remlered  it  difficult  Co  reach  the  li«^d  with  tho 
:;i  1  *•  the  hf^low  of  the  hand"  was  used  to  transfer  IL 

•  luldieri  pursui'd  both  modes  in  allaying  dieir  thir«t;^  and  it 
vra>  iJic  pnu:tjce  of  llie  latl,  u'Jiich  Oiogeoea  wttncsaed  iti  a  boy  at  Athena, 
wbieb  indui^d  that  phtkuopber  to  du-ow  away  his  jug,  aa  an  unplemeut  uo 
longtT  neceasary. 

Virgd  represeots  Entat  practising  it; 

TNi^n  wai'i  in  hi*  liollow  p>lin  ho  (o«k 
Fram  Tybui'*  lluo<l    Em.  \\u.  9&.  Drgim. 

Aiid  TWiuu,  in  tlie  ahieniv  nf  a  .siiitnhlr!  TRssel,  made  libadona  ia  the 
lama  way.     The  pmctictt  wa.i  Rfimmnn. 

Ad  hy  the  brook  he  biwkI, 

l|«  •Ciluju'il  tiir  tiKii-t  I'tnu)  llii'  I'iirjaUl  Hood  : 
Itien  mill  liut  tuiinlB  tht^  ilroiBi  ta  hrxvcu  lie  (lirOMa, 
Awl  loutj*  ibe  puw«(*  nbovfl  with  uirvnid  ruwa. 

**  At  sunrise,  the  Ijramins  tako  water  out  of  a  tank  mth  the  hollow  of  iheir 
kuitl'i.  wbicb  tbvy  throw  eometinics  behind  and  eomottmes  before  them,  id* 
vukjntf  Hmma."* 

Henwltitui,  dcscnbing  the  Nssomancs,  an  ancient  peuulc  of  onnbem 
Africa,  obwr^-cs,  "  when  ihoy  piedfp;  their  word,  they  drink  allemaiely 
Erom  each  other's  haD<l« ;"  (b.  tv.  173.)  n  ctuiom  still  relaincd  among  their 
doacQiifiantJi.  It  \t,  nc^ronlint;  lo  Dr.  Sh&w.  "  the  only  cerumony  that  ia 
uted  by  the  Algerini.-s  in  ihvir  marriages."  {Travule,  p.  303.) 

''      'Oil,  Hy>  Mr.  VV^ard,   "driiikx  out  of  a  bra^s  cup  or  cakoa  up  U- 

ii  ■  b«n«i  nf  his  hand*."  (View  of  the  Hindoos,  p.  130,)     This  mode 

•ar  tu  UM  coiisiraiiMid  and  uwkwuid ;  but  in  warm  eli- 

Ti  'i  iho  human  body*  and  ciutura.  niako  the  pcrformonue 

oT  >i  riwjr  and  u-jI  unuracctul. 

"  I  drank  repeatedly  as  I  walked  along,  wherever  tho  pebblca  at  ibe 
tfoamn   gluamed  clearest — guct  deep  enough  to  tiae  onc'x  hand  aa  a  cup." 


*V«y»gca  nund  div  Wiflil.  li, 'j;il.  Lon  1771     '  Jadnw,  vii,  6.  II. 

bL  Voya^  to  tho  I'jox  luiiM  uU  CUiaa.    i.  Ibl.  Caksuia,  XlSt, 
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(Lord  Lindflsy'fl  Tnveb,  Ietr«r  7,  Arabiit-)     AcorbiT  Riitrl^sh  tmvcllrr  : 
ticeJ  woraen  in  Indui  use  "  iLeir  htuids  '■n-" 

Some  wiitere  suppow  that  Advn,  ai  n  [i.-ncc,  w« 

QOt  suljjpct  (o  Audi   incxinvenipnt  modes  ol  tits   tMiuml  \nuiU, 

Tlit'^  will  h&v-o  It,  tluU  he  pnsseMcd  the  kuu-  .-  ..^'  <:'  u  phllowpht^r, 
wiu  *K[ually  expert  aa  «  modern  tnecliauic,  in  auplvin^  it  to  the  pnictie 
purpOBVe  of  lifo.  It  iieed  scarcely  be  remarked,  thai,  this  is  tinagiuzir^- :  v  . 
tnignt  as  well  credit  tho  visionary  tales  of  the  rabbis,  or  digetit  the  etfiutUj 
authentic  ecoountx  of  M»l>iimi,Hlaii  wrilors.  According  t^i  lliei**.',  Adam  uii 
have  been  a  btiick*mith,  Tur  be  brought  do»^l  from  pttradite  witb  him,  h\A 
UnnCT  inado  uf  iran;  »n  ani'il,  a  /nu>  of  (otg»,  two  A^immc^,  a  [:> ' 
snmU  Qn«,  and  a  neetUr/  AnalofjuuK  f  >  thti  is  t)ie  *l)irmalii:iii  r>t'  i 
t»na,  muiitiouml  by  Henjdoui*,*  ihat  (iienj  fvll  frtim  hi^«ven  iiiiu  iln'  Svyj 
di«tr>cr,  four  tilings  made  al*  gold;  a  jtiough,  a  yitkr,  aii  iiJr,  and  a  . 
The  ntdlwiiuiii  of  Tmy,  it  wim  naid,  kImi,  irll  down  rmni  heunni.  It 
a  aiiiall  «tJUu«  uf  Piilln.i,  }ii)l<ljti|^r  a  dataff"  and  spimJirfi 

We  bebeve  there  is  i»  authunty  in  the  bible,  oitber  (or  ibe  lui 
of  Adun's  kiMw)e(lg«,  or  uf  the  circunutsncM  in  which  he  waa 
on  tlie  contiwy,  Moseti  reprvsenu  him  and  his  immediaio  dcMcnJants,  l| 
that  rude  uale,  in  which  all  the  original  and  diitinct  tnbc««f  man  have  bed 
roand  at  one  time  or  another ;  living  on  th«  spontaneous  f|^uclionK  of  tlu 
eanliiOn  fruits  and  roots;  ignonuitoftheexiuenoeaDdiieeofiheinetBja.  i 
there  could  be  no  cix'ilizalion  where  these  were  uuknow'n;)  naked  and  u 
sensible  of  the  advantages  of  clothing :  in  process  of  time,  usinir  a  slight  < 
vering  of  leaves,  or  otlier  vegetable  productions,  and  subse<)uently  applying 
the  ^kinaofsnimaU  to  the  same  purpose;  then  coastmctinG  huts  or  dwellin 
of  the  leaves  and  branches  ol'trees;  attainingtliC  knowledge  of,  ajid  use 
Gre  ;  lUiJ  making  ehghl  uilenipts  lo  culiivat"  the  earth ;  for  sliglii  indeed  tJiel 
muii  have  ln-vn,  in  th«  infancy  of  the  human  race,  i(»'ff>n^  oiiimal  p>jw« 
w^ii"  iLppli^td  Ui  agriciiilural  Ubor,  or  the  implemnnts  nf  husbandry  Wi 
known,  or  liii^^!  liixl,  nidu  iniplt'ini*iit«  formed  tif  Mtir.ks,  iiii^bt  have  boc 
anil  |>ni)ial>Iy  weri>  UMnJ,  a«  Di«v  liava  lu^ii  by  niilf.  pttoplv  in  all  age 
Virgil'*  dcAcnplion  of  the  alxmginea  nf  Itidy,  pi«viiiiLH  (a  Ihw  n-ig»i 
Saturn,   is  merely  a  poetic  version  of  trsdittnns  of  man  in  primeval 

Nor  Ibwh  titty  knew,  uoi  iwuioer^  nor  itii'  enn 
or  lab'rius  (»cii.  nor  ihp  ibiuiiig  uliitra.  {lUti  plough.) 
Nor  ant  of  pain,  nor  what  tkey  fpinei]  la  ■naro. 
Tb«ir  riercM«  the  dia*i; :  ikt  nmnimgjlcot 
Stmhtd  iSiir  Aim :  the  ttt*a  lupplivd  iMrfaoi. 
Tbea  Baluru  caiM.     Em.  vtii,  42CI. 

Vitruvtu*  says, "  In  anciimt  rime*,  men,  lik#  wild  bea«t«,  lived  in  tare* 
CftVM,  and  grov<'>,  fer-ding  on  wild  (nod ;  and  tlial.  iht^y  ar.quirc<l  the  ail 
producing  tir<>.  fn^m  n)iM?rving  it  evulvi^d  from  the  bniochc-n  of  lreo.4,  wt 
viohMitly  nibhod  ogftinat  each  Otlier,  during  tetnpentuuiis  M'lniU."* 

Similar  iroililinn.-!  of  their  ntioesUirs  were  pre»ervcil  by  all  the  andei 
nations,  and  some  of  their  reli^out  ccremomes  were  based  itpou 
Thus  at  the  Plynteria,  a  feativnl  of  dko  Greoka  in  hotior  of  Minerva*  it 
ctistomury  to  carry  in  the  procession  a  cluster  o(^i,  wlurh  inlitiutted 
progress  of  civiliKalion  aiuoug  the  (irst  luhabttants  of  the  oorUi,  aa  Bgpi  Mtrvc 
them  for  food,  after  they  luul  acquired   tt  diart-llsh   for  aconu.     Tdo  Ar 
diun*  eut  apples  till  the  Jjacvdeuionuins  warred  wilh  thom.' 

The  oek  was  T«v«n>d  because  it  afforded  man  in  tbv  fim  agos,  btith 
and  drink,  by  its  iwonu  and  kowif,  {\i«ia$  frtvjuonily  making  their  hive 


•  tv.  6     *  ThHo  anil  *imikr  irailitinas  of  rnhar  pAOple.  imlicaie  tha  atrm 
nf  ilwi  iniplviiJKiiu  iiamiii,  Tiir  ancient*  wrm  m  ignitrsHt  of  thaif  flri(iH as  mmunJ 
'  II,  1-    '  PlnUfcb  in  AlcibiailM  ani]  CoriolaBUa 
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apon  it,)  and  from  this  circumstance  probably,  was  it  made  "  sacred  to  Jupi- 
ter." The  elder  Pliny,  in  the  proem  to  bis  16th  book,  speaks  of  trees 
which  bear  mast,  which  says  he,  "  ministered  the  first  food  unto  our  fore- 
fathers."    Thus  Ovid  in  his  description  of  the  golden  age: — 

The  teeming  earth,  ret  guiltless  of  the  pkiugfa, 

AimI  onpruToked,  did  frailful  stores  oJlow  : 

Content  with  food  which  nature  freelj  bred. 

On  wildings  nnd  on  strawberries  they  fed  ; 

Cornels  and  bramble-berries  gave  the  rest, 

And  falling  acoriu  furnished  oat  the  feast.     JHstms.  ii,  135. 

In  the  ancient  histories  of  the  Chinese,  it  is  recorded  of  their  remote  an- 
cestors, that  they  were  entirely  naked  and  lived  in  caves ;  their  food  wild 
heHbs  and  fruits,  and  the  raw  flesh  of  animals ;  until  the  art  of  obtaimng* 
fire  by  the  rubbing  of  two  sticks  together  was  discovered,  and  husbandry 
introduced. 

There  are  persons  however,  who  suppose  it  dishonoring  the  Creator,  to 
imagine  that  Adah,  the  immediate  w^ork  of  his  hands,  and  the  intellectual 
and  moral  head  of  the  human  family,  should  at  any  period  of  his  existence 
have  been  destitute  of  many  of  those  resources  which  the  Indians  of  oar 
continent,  and  other  savages  possess ;  althouglf  it  is  evident,  that  some 
time  must  have  elapsed  before  he  could  realize,  (if  he  ever  did,)  all  the 
conveniences  which  even  they  enjoy. 

There  is  nothing  um-easonable  or  unacriptural  in  supposing  that  <M  the 
primitive  arts  originated  in  man's  immediate  wants.  Indeed,  they  could 
not  have  been  introduced  in  any  other  way,  for  it  is  preposterous  to  sup- 

Cthe  Creator  would  directly  reveal  an  art  to  man,  the  utility  of  which 
Duld  not  perceive,  and  the  exercise  of  which  his  wants  did  not  require. 

Nor  could  any  art  have  been  preserved  in  the  early  ages,  except  it  fur- 
nished conveniences  which  could  not  otherwise  be  procured.  On  no 
other  consideration  could  the  early  inhabitants  of  the  world  have  been  in- 
duced to  practice  it.  But  when  success  attended  the  exercise  of  their  in- 
genuity in  devising  means  to  supply  their  natural  and  artificial  wants,  the 
simple  arts  would  be  gradually  introduced,  and  their  progress  and  perpe- 
tuity secured  by  practice  and  by  that  alone. 

This  appears  to  have  been  the  opinion  of  the  ancients : 

Jove  willed  that  man,  by  hmg  erperienee  taught. 

Should  TBiiouB  arts  invent  by  gntiual  tlmigiU.     Qtor.  i,  150. 
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CHAPTER      III. 

Ouont  or  Vsirau  tot  coaUiniBf  valei^-Tbe  Colabub  Ibe  Snrt  one — It  bu  alw^F*  hpea  i 
Found  bj  Cotumbui  in  Iha  cabiu  of  AmoHcui* — Inbibiunti  of  New  Zeiluid,  Jars,  flnmUri,  uid  of 
tha  Pactdc  IiUndi  eaploy  it — Priaeipal  ttrtl  of  tba  Africas* — Curioo*  nmark  of  Plilix  reapocti«(  it 
— ConuDOD  amoag  the  auciaot  Mezicani,  Rumiaa  ud  Egyptiam. -Offgrod  by  tba  lattar  paople  ob  tfaair 
■Itu^-TbB  model  alter  whkh  tcmcIi  of  ci^iacity  irsre  origiiiBlly  fomad— lu  Igure  Mill  preiarrad  !■ 
■•Teral — Aocienl  American  vumI*  copied  fh>m  il — f  eruviao  IioIIIm— Gurfulct«— The  form  of  th«f  a)*- 
boab  prevailed  in  the  Tuei  and  gobleu  of  tbe  ancieats— Extract  rmm  Paniiu'  Satire* — Ancient  Tnaala 
forheatioK  water  modeled  after  il — Pipkin — Sauce-paii — Aaecdole  of  a  Roman  Dictator — The  com- 
mon cait  iron  cauldron,  oT  great  antiqailf ;  aimilar  in  ihape  to  thOH  uied  in  Egypl^  in  ibe  time  of  E»- 
maaaa — Often  referred  to  in  the  Bible  aad  in  the  Iliad — Orecian,  Roman,  Celtic.  ChineM,  and  ParBTlaB 
caoldioiu— Eipennea*  of  ChineiB  linkor* — Crmaua  and  Itae  Delphic  nracle — Uniformily  la  tin  flfoie 
of  eanldrvu — Canaa  of  ^ia— Snperiorit)'  of  their  form  over  ([raight  aided  boilara — Braaas  raiildm— 
highly  prizsd—WATBB  Fori  of  tke  Hindooa — Wouea  dtawiat  water — Anecdote  oT  Darioi  and  a 
jonng  funale  of  Slardii-^Doxtenty  of  orieoul  women  in  balancing  waiei  pota — OrigiD  of  the  CaaopM 
— logeooity  and  tnai  of  an  Eg]^tian  priaal — Ecelaelaatieal  deception*  in  the  middle  afaa. 

Water  being  equally  necessary  as  more  solid  food,  man  would  early  be 
impelled  by  his  appetite,  to  procure  it  in  larger  qaantities  than  were  re- 
quired to  cdlay  his  thirst  upon  a  single  occasion ;  and,  also  the  means  by 
which  he  might  convey  it  with  him,  in  his  wanderings,  and  to  his  family. 
It  is  not  improbable  that  this  was  the  first  of  man's  natural  wants  which 
required  the  exercise  of  his  inventive  faculties  to  supply.  The  luxuri- 
ance of  the  vegetable  region,  in  which  all  agree  that  he  was  placed,  fur- 
nished in  abundance  the  means  that  he  sought ;  and  which  his  natural  sa- 
gacity would  lead  him,  almost  instinctively,  to  adopt.  The  calabash  or 
GOURD,  was  probably  the  first  vessel  used  by  man  for  collecting  and  con- 
taining water:  and  although  we  have  no  direct  proof  of  this,  there  i> 
evidence,  (that  may  be  deemed  equally  conclusive,)  in  the  general  fact— 
that  man,  in  tbe  infancy  of  the  arts,  has  always,  when  under  timilar  cir- 
cumatanccs,  adopted  the  savie  means,  to  accomplish  the  same  objects.  Of 
this,  proofs  innumerable,  might  be  adduced  from  the  history  of  the  old 
world,  particularly  with  regard  to  the  uses  and  application  of  natural 
productions;  and  when  at  the  close  of  the  fifteenth  century,  Columbus 
opened  the  way  to  a  ttcw  world,  having  in  his  search  after  one  continent  dis- 
covered another  (of  which  neither  he,  nor  his  contemporaries  ever  dreamt, 
and  which  in  extent  exceeded  all  that  his  visions  ever  portrayed ;)  he  found 
the  calabash  the  principal  vessel  in  use  among  the  inhabitants,  both  for 
containing  and  transi>orting  water. 

The  calabashes  of  the  Indians,  (says  Washington  Irving,)  served  all 
the  purposes  of  glaaa  and  earthenware,  supplying  them  with  all  sorts  of  do- 
mestic ntcnsils.  They  are  produced  on  stately  trees,  of  the  size  of  elms."  The 
New  Zealanders  possessed  no  other  vessel  for  holding  liquids  ;  and  the 
same  remark  is  applicable  at  the  present  day  to  numerous  savage  tribes. 
Osbeck,  in  his  Voyage  to  China,  remarks,  that  the  Javanese  sold  to  Eu- 
ropean ships,  among  other  necessaries,  "  bottles  of  gourds  filled  with  wai- 
ter, as  it  is  made  up  for  their  own  use."'' 

When  Kotzebue  was  at  Owhyhee,  Tamaahmaah  the  king,  althou^  he 

alrritiK'sColam.  i,  10e,«kdPeiitiy  Hag.  for  1834,p.  416.    ^i,  ISO. 
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{KnwMHsd  etegKRt  Koivpean  t»b)e  utmnU,  UHod  at  dinner,  ■  gtrard  contaia- 
jing  taroilDii||ti,  irUi  which  be  (tipped  his  fingwra.  iu»d  winTt-ytxI  it  bjr 
to  hia  inoulh,  observing  to  the  Russian  nKrigator,  "  this  Is  tliu  cns- 
m  my  catmtry  ami  I  will  not  definil  from  it."*  Tbut  rondiict  of  Ta- 
bnuuh,  re«i?mMe<i  thftt  of  Motexunut.  Solie  ohvorrcs,  lltut  hv  bud 
CQp«  of  gold  and  lalrcrs  of  tfaa  Mine,"  but  that  he  aoauAimva  dnuik  oat 
W  oocooe  and  niturnl  »bell9> 

Wbtm  Kotzebtie  revisited  liie  Rodnrk  Ulnndi,  "  ho  eurriwl  to  them 
•reds  of  gourds  for  vnlu^tdo  vessels,"  as  well  u  otlien  of  which  tJi» 
fruit  is  L'atetv.* 

**  Ther«  is  n  i^ard  more  estoemod  hy  the  inhabituiU  of  Johanna  for 
the  Uirge  shell,  than  for  the  niaat.  U  will  hold  a  pailful.  It»  figure  it 
Kke  B  nun's  head,  and  therefore  called  a  calabwih."* 

The  people  of  Sumatra  dnnk  out  of  the  fruit  called  Iain,  revembliiig 

cmlaiMuh  of  llie  West  Indies :  a  hole  beina  mode  in  the  cide  of  tJie 

r.k  luid   another  one  at  the  top  tor  vent.     In  drinking  tWv  genriviUy 

id  tbt?  Tesvp]  at  a  diatatice  above  their  tnoutha,  (like  the  ancient  Greeks 

tlnmona)  and  rueh  the  stream  aait  falls;  the  liquid  dcscuudjiig  lu  tiiu 

■LuniaRh  without  the  action  of  swallowinfr* 

The  Japanese  have  a  tradition  that  the  Hrat  nukn  awed  but  boing  to  ■ 

r'.uit.  Harris,  in  hia  "  Wild  sports  of  Soutliem  Africa"  (ehap.  xvii.)  in 
c!  the  residence  of  the  king  of  Kapoue,  obserree,  "  tliu  furuiluro 

Ci.,...^..  -.  oxciusively  of  caJabaahea  of  beer,  ranged  round  tlie  wall,"  And 
unin  in  chap.  \x : — "  a  few  melotM,  rather  deserving  the  name  of  vcgvL 
Dies,  were  the  only  fruit  we  met  with ;  and  theee  I  pmumu  are  tnuturvd 
chieftv  for  the  gourd,  which  becomes  their  calabash  or  water  flugon," 

<?U\-i^rv>  9ays,  "the  drinkinji  vnasela  of  thp  ancient  Muxicens, 
tnaili?  of  a  fruit  similar  to  pourtU."* 

For  surh  purpnsi's,  the  calabash  has-  ever  been  used  wticrerer  it  was 
known.  an/I  will  rDntmiie  In  be  so,  as  lonp  as  it  grows  iind  miui  liv*'3. 

The  ehler  I'liny,  in  speaking  of  the  ctiitivaiion  of  gourds,  a  speries  ofJ 
Tehir>i  w(w  mrd  as  food  by  thr  Rnman«,  ohsfln•e^  "  «/"  laU  they  hnv^ 
I  in  liAfhs  and  hot  hon-n**  for  pois  and  pitchers;"  bni  be  ndds, 
were  uscil  in  ancimt  timrji  to  rontain  wine.  '•  in  place  of  mnd- 
trt»  and  harrelK."  Prom  him  we  leam  that  the  anriemH  ha.i  disroviTod 
the  rnrans  of  controllinir  their  forms  al  pleasure.  HoiuiyB, /on^'gnnrdHaro 
pmdareit  from  seeds  tukcn  from  the  ntvA-;  while  those  from  the  middle 
proilnce  rounJ  nr  tpturiail  one*,  and  those  from  tliu  sidra,  bring  forth  such 
a*  are  thoft  ami  tkiek^ 

*-r  ■  -  tlws  otferiugs  which  fiie  Rgypdans  placed  on  their  allnr»,  was 
r  An  undeniable  proof  of  ilii  value  in  ilieir  e«Dmntinn;  tor  no- 

t  i-ver  offered  by  the  aneients  ti>  their  go^l*,  which  wan  mil  highly 

by   ihcnwclves,*     The   ron»ecmtion  uf  ihin  priincvnl  vcs«el,  in 
<  :ili  other  object*  of  ancient  «acrific<!,  dotibtlcws  onginaled  in  it* 

n  ne  in  the  early  agt^s;  and  most    likely  gave  rise  to  the  subse- 

'if  dolicattng  cnps  and  goblets,  of  gold,  ailver,  and  some- 

A"  nh  vr^f  not  only  the  first  vessel  used   lo  collect 

ar.i!  I  1 1     tn^  n{>{>iimntly  iluvigned  by  ihtr  Crwator  for  tbcM 

1'  L  tiguiv  of  it  IS  here  given. 

'    t.  3l3.iiiKiii,  IMS.     '■Cowiiio-.l.Mfxifi),  Ijjpi  17B4  iii.ffl. 
(  of  Eul  Lndii  luid  Pt'wiA,  hj    l)r   Pncr.  I.nn   IG!1=.  17. 
r..ai  i-i,  .  -luim  ■.!         Xnnlunni'Jspan.tfTS.    <  Hist.  or.Meiico.  Loo.  ItST-  1.4381 
•?bLlli«I.Kla,&    •WOkutMUi.'.fre. 
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Amrumi  Vaiet. 


[Bo.>k  t. 


In- 

be 


Thifi  interesttngproductkm  of  mtow  i«  unutlcd  to  par- 
ticular notice,  bocMue.  it  is.  tn  ttll  pmbability,  the  original 
ntod^  of  tbti  uvlMRt  nriiiirial  vcrscU  of  aipAriry;  tKe 
[wtwrn   Irom  whic-li  (lit-y  Wt^n-   formed.     It  i  1« 

Va  gtattce  at  the  figure  withom  mrogtueins  ii.- 
•emblknce  ui  our  jue«.  Ha^k^  ya%,  Afm^o^ur,  ^c 
deed  whcm  inafi  firat  lie^^ran  m  tnakc  voim-Is  of  cUy 
lind  on  other  paitirrn   lo  gii'iile  hlni  in  tJicir  fonnivtiou  but 
thu,  aai":  will)  whicli  hr  had  bi>eri  so  long  liiniiliar,  and 
N«.L  Bgiire  of  wbirh  (experience  bud  (might  nim   wiu  ao 

tdaptcd  to  his  woou.     Indo|>enJi-nt  of  oilier  odvnntagus  of  thia  Ibi 
is  d-ic  best  to  impEiit  *tre»gtA  \o  frn^le  mUi>ria]a. 

That,  the  long  necked  vAseft  ol  tlie  iit>ricni3  wore  modeled  lAer  it, 
obvious.     Mitny  (irthcin  ilifler  nothing  from  il  in  fortn,  except  in  the  ad- 
dition of  a  handle  and  liaae.     'X\\f.  oldent  vessels  figurrd  in  (he   i\\ 
DescRiTTioN  OP  EorpT.  by  the  Haiiini  of  Fnwce.  nmi  in  Mr.  Will. 
Inie  work  on  thcnnfrioitt  Kgypttans,  are  fac-nreilei  of  it.  Thesatne  rci;.tu-k 
uppLioa  to  thoiie  of  thu  Hirxjixis  and  Chiiie-ite. 


Rd.!    AxtwiVMn. 

The  first  three  on  the  left  arv  of  onpihenware  from  ThebM,  from 
WiUtinson's  second  volume, ji.  34d,  354.  "Golden  owcn"  of  a  aimiUr 
fimn  were  used  hy  the  rich  Kgyptiuiut  for  comaining  water,  to  wash  the 
hands  and  feet  of  tlieir  guests,  (page  ^02.)  The  next  is  Eui^scaji,  froca 
the  "  History  of  the  ancient  people  of  ludy."  Florence  I83a,  Plato  82. 
The  adjoining  one  is  a  Chinese  vase,  from  "  Designs  of  Cliinese  Buili]. 
inga,  li'umiiure,"  tec  Lon.  1757.  The  bisl  is  from  Kgypl.  ^^iinilar  ahaf 
vexaela  of  the;  GreBks,  Rcimang,  and  othtn*  people  might  <>asily  be 
daeed.  See  Halt's  Viij-age  to  Abyssinin,  page  40S,  and  liranae  Du 
tiom,  v..  M.  Vol.  S.  Plates  1, 1,  luid  F,  K.  In  tlie  Ilamdton  CoUer 
Vases,  exnmplea  may  be  found.  In  (lie  splendid  volume  of  pi  ._. 
D'Aginrourt's  Storia  Dell*  Arte,  the  Hgtiro  of  tl)e  gourd  may  lie  scpd 
have  prevailed  in  artitici&l  vessels  in  the  Iburtfa,  filUi,  and  up  to 
twelftli  centuries. 

Numerous  vessels  frtnn  the  tnsabs  of  the  [nl'A«,  are  idcmtical  in  fignl 
with  the  celabash;  white  others,  reiatnbig   its   |:enernl   ftiamn!,  hikve 
bellied  part  worked  into  reHcmhInncefl  of  the   human   &ce.     Ar   sevi: 
tild  Femvian  bottles  exhibit  a  peculiar  and  uaeful  feature,  we  have 
^figure  3,)  a  representation  of  one,  in  the  pnssossion  of  J.  R.  rhilmur 
^Dtuiia  ci^.     As  f>penin^  is  formed  in  thr-  inner  side  ni*  ihi<  haiwUn 
exmnnnntcaics  with  the  mterior  of  the    vessel,  by    a   smaller  one 
tkrou^h  the  side,  as  shown  tn  the  section.     By  this  device  air  is  a£ 
ted.   sad  a.  person  can  either  drink  from,  or  pour  out  the  eoniatds, 


Chmp,  a.] 


Prmrian   Vcarts. 


17 


TJ 


Ho-  a.    Pmiiiu*  RiMtla- 


out  expprierirtinfr  t}itu  diwf^reeablc  gurgling 
whivh u<;cunipuiiit>a  thi'  umiH^ini;  of  >  rnailori) 
boulu,  Tiiti  iipfninK»  *rt>  mi  arna^l  u  (o 
Ririo  a  very  */irH/  whulie — by  blowing  into  the 
mouth  of  the  vt>6iiul,  a  sound  is  pnxIuciNi. 
{-■qual  U)  that  rnmr  a  iMHUswHiii's  call  an 
Ijoanl  a  man  of  war. 

'Chesf  trsspIs  bavp  been  noticed  by  moat 
rrnvclpnt  in  Sourh  America.  They  are  some- 
nmcA  found  double — iwo  being'  connected  at 
the  bonom  with  only  one  discharjrtiH.'  nri6c*. 
Sofn^nri-nf^nvrr.  P/vswT,  among  odiei^,  ^ivo«  a  fi^rc  ofonn  rcsernblinp 
Iv  .1.     h  "  rnnsifits  of  iwo  bottles  j^iinL-d  togpilicr,  each  about 

^\     .  idviniiF  a  hole  (tube)  urcuiiiiiiuuicauon  lit  the  bottom.  One 

>fl  oj)t>n.  iinil  (lio  other  haa  on  iu  orilico  bliltlc  animal,  liko  a  mon- 
lin^  a  ROtI  <^f  uirac!  anrt ;  under  which  is  a  hole  wlilcli  iiiakvii  a  wbisl- 
1b^  when  water  ia  pour^  out  of  the  mouth  of  the  other  IfOtllc,  ^r  when 
that  within  ui  but  shaken ;  because  the  air  bcitu;  pressod  along;  the  surface 
of  hnrfa  bottles,  ij  fisreed  out  at  that  little  hole  in  a  violent  manner."* 

The«o  vrhintlefi  are  ao  conitructcd,  aa  to  play  either  when  the  air  la 
dnnm  i$t  ihrfnigh  them,  or  Jhrcfd  oul.  Perhaps  the  water  ot^ns  of  the 
asdonta,  w^r<>  orisnnaUy  little  more  than  an  assemblage  of  simitar  veBselii. 
M.  Ffrtifr  tiioutfhi  the  smatleat  of  these  btntles  were  designed  t-xpressly 
to  MYnsic ;  if  so,  they  arc  (we  suppose)  the  cmly  wniter  instra- 

If'  r.h 

earthen  veMrls  used  by  the  water  rarriert  of  Mexico,  striot' 
Iv  .   the  gourd.     Saturdny  Mig.  vol.  vi.  128. 

Tl.i.-  ■  giirguk'tj"  of  the  Persians,  Hindoos,  and  Eg^yplians  of  llie  present 
Jay,  are  rathiir  larger,  but  of  the  same  shape  u  the  Florenrf  AasK.  i.  e. 
of  the  gourd.  They  are  formed  "  of  a  porous  earth,  and  are  ao  i"allwl, 
froni  the  sound  nmto  when  water  is  poured  oat  of  tbem  to  be  dnmk,  aa 


•  A  VcT«s«  lo  tl»  Sttulh  Sea.  Ac.  in  1712,  '13,  '11.  Lob.  1717.  S74- 

*Tlw  r»Daw  >n|^  ritrw^t  frmn  a  bt*  nevr%p*.pn  mSmi*  addittonnl  infonauion  nfpMt- 
tf  lfc«n  ir««Mh  in  iviiinle  •(••! 

"Tb  Fmtriam  Ppmf^.—V9fi  KfxttAj  gnvr  a  tkceriBlian  of  at  aneicirl  nvhutrruan 
nij,  AfmtiVftA  Xtj  oi  eanbiinakn.  or  M>mi-  othpr  aniMcn  convul^ioii  of  nutnrc,  laialji 
d»»c.iiri-i-i)  lu-At  tlw.  jiort  tit  Guannrjr,  in  TniKilUi,  on  thr  r.atuA  (if  Ci-ni.  'ITin  nnljr  ac- 
'  rb  npjwiir*  tohnrw  an  yr\  hpoii  rH'ntvfiij  Lii  tti«  I'liilml  i^l.iliHi.  wiu  bnNigkl 
(if  .Simtt'choi.  wtio  a  Teu  wMik*  »mf*  fvinnml  fi^tii  iW  S<iiiili  9pa*  in 
^f'son.  *ih1  wlin,  haviaii  *nii«d  ibu  npui  vrkilm  ilw  inhabitaals  of  Gannavf 
'  inling  i|i0  bnriod  slreaia  ukI  building'',  obuiood  savan)  btafMiiM  ndio  oT 
I  lint  in:kii»nn  (MfpalabDa.  Thn  I'anlniNl  Onnn  descrltiM  wnir  of  ttiAW,  of 
.  mriiljnn  in  thn  NtuiludiPi  Inquire/  Troin  vdmiii  w^  deriveit 
i::\  tlivv  orr  nf  tt  drnmrler  which  innv  jiumiblr  afturrl  the  dili> 
:o  tlw  o^n  aixl  nngin  at  (he  |ini}ple  \a  irtioin  itiay  lmlong«Hl. 
•  thap^al  enrthi^n  v#m«1*.  •oimmhnt  nutelt  yet  iuf[einoiiBlv 
■  ->■  '  -I'lTi^l  Dt  Ininit  iwarif  Wack,  Om-  nf  iki'iie,  whkti 
•h«p«d  wimcwhii  likr  >  auiiil.  whh  n  spout  Iwo 
•  '  Ow  back,  ft<m\  which  ■Un  a  handle  oiundji  to 

Ilw  nrhrr  u  «  dAuliU  *wm«I.  mntMctivl  nt  tba  Amitr«.  ami  mUn  at  Uie  top.  by  ■  bandle 

It  I  '      .  '  '      '                I  aoitln  of  (iiK  vcbhtI  la  Cba  unptr  part  iiftlMi  (rili«r— lim  lal- 

*i  rii  iirrniighi  iiiin  ili«  liknn«ni  vr*  vvry   nnprapaoKM'iiqf  liii- 

B'-  -   ixli  of  wfl"i  may  b#  eomidvr^  die  li«nd  of  ihin  ftw.  w  a 

H<  'iloiviHK   iutv  Uui  morilh  nT  iku  «mwI  n  diritl  r»oi«  io 

{•>'  -I'ltinvBjn'e  cod.     Troni  tti«  ecliviiy  with  which  ilis  cita- 

fU-^iw  '  III  ii  Capl.  lUv  iefl  tJw  pUuM.  it  nui^  ho  ho««d  ttui  dueaver- 

■•mU  ^  ill^roallyatU  In  thr  aauquanan  huUfy  of  llitiDOiUiBaM." 

3 


id 


PntntUve  Ihiim, 


lUvok, 


ibo  InJiaus  do  witbooi  toucliin);  ii  witb  ihcir  Upe."'     Th«  bottlet  of  ihfl 
Negroes  of  .Virica,  itro  tntuiv  of  M'orcti  ^nss  uf  thv  Kuan  ihtpe.     Esnli' 

Bu  ffOx^^cta  lor  luuIui^'  liciuicU  iirc  iiiatk-  in  dii»  cil^'.  

TliD  -^uoni  WW  out  Divivl^  imiiatcd  hy  priiuilivi.'  utucri  auJ   br^cit: 
but  wbL'O  the  arU  WL-ru  at  tlicir  zcnilh,  it&  bgunj  jirfjummiatid  io  tliv  ' 
elaboretu  oCviuvs.     Tht'  pmct'diag  runmrLs  uliuw,  thaiihv ^orm*  of  ii 
of  nor  ordiaiu;^   vvesvls  oj'  cajjuctly,  did  out  uh^ioslu  in  ciipnce  or 
chance,  hut  an:  dtfrivoil  I'ruui  nalun?;  tliai  thu  putum  which  mau  bu 

Eiad,  wiu  fnroijihud  tiiin  \iy  hj»  Muker;  aud  iMal  with  all   hb  Jnguiiuit^ 
r  hB«  ni'vur  bucn  abtu  to  ituperscdv  it.     l*E»aw»  in  Iii«  third  Sftlirc,  u- 
ludifs  to  ihf  triuuiiJou  fruiii  priiniLivt;  oariiicuware  aud  braien  tcahU 
tlioM>  which  luxury'  had  intruduct-d  iu  lib  dajs: 

Now  cnkl  hatb  hnnidiril  Nutiu*  litnpl^  vajv. 

Ami  llH-  plmii  tiras*  vf  Saliuu'n  liu^l  daya,^ 

Non  do  wv  aec  Iu  pteciatu  gublrU  turu, 

Tll«  Tliacnn  piiuticr,  and  ibo  vrtiial  uin.     Drwrnmomd,  IDS. 

VESSELS   POK   BRaTIKO    WATER. 

Althouj^h  not  *ini-ilv  contittcictl  witli  the  ouhji-Tt,  we  may  ol 
that  tin-  i^iiurd  i»  prulmlil^'  tin*  ori^nul  vessel  for  nCATIxr.  ieaUr, 
i[v.  I»  the»)>  and  olht^r  afinlicat'ioiu,  the  ni^ck  lj  itomeumea  tut^d  a<i 
hHndlit,  and  uh  orieiiiog  Ukutie  into  the  body  by  rcmoTui^  a  poritoo  of  il, 
(«tfe  ilhinlrvtioti  No.  J,)  Ua  exterior  being  kept  moistened  by  wntcr  while 
on  ihe  (in-,  h»  alitt  pnicU'ned  by  some  people,  white  olhen  apply  a  costing 
oT  clay  to  protect  it  from  the  ofTccti  of  flame. 

In  Miine  parts  where  the  calabaah  <^r  gourd  is  not  cultivated,  coom  sheU 
arc  used  in  the  same  manner.     Kotxeiii;!:  found  the  Radack  lelar  ' 
thiu  heating  liouids.     "On  roy  return.  I  fell  in  with  a  conipan;^- eittii 
rouml  a  fire  ana  boiling  tiomething   in  cocoa  ahclU.""     A  primitive    " 
mtttrtin  vessel  for  boiling  rice  b  the  bamboo,  which  it  et\\]  iittd—kn 
btat^  the  rice  is  dressed,  the  vcasel  la  nearly  deilroycd  bv  the  lire.* 
in  protcss  of  time,  vessels  for  heating  water  were  formed  wholly  ofj 
they  Were  fitshioncd  after  the  gourd.     Figures  of  ancient  sat 
of  metal  and  fictile  ware,  greatly  reitemhie  it,  and  ro  do  some  of  tltOM^ 
modern  times.     The  rotiimon  rnrthenware  PiPKiN  is  an  example. 

This  useful  iinplemiMU  hne  c^m«  down  from  very  remote   spe*.   ni 
apparently  with  *light  altrnilion  in  iu  fignre,     (Sen  figure  in  No.  4.) 
■onui  parts  of  Kuropc,  its  fomt  approaches  atill  nearer  to  that  nl'  the  grnn 

[t  is   ustcd  uv<fr  all    the   '•asfr 


1         KiiFiiJ 


ll«i  <    OmtA.  CsHtdriMk.  Md  PIpkfa, 


Stance  is  rrcorded   in  Romnii  historv   ...    _, 

vbsmIs.     Marctis  Curius  Dcntatua.   who  was  three  times  Consul,  was 


IS 

world.      Dniripii^r     obnerved 
ToiHjuin,  "  wmnei)  sitting  in 
streets  witli  a  pipkin,  over  a 
fire  full  of  chau,"   or  lea,   whi< 
tliey    thus    prepared    and  mU 
Posliroke  enumerating  the  houi 
hold      utensils     reprcaeoted 
Egyptian     sculptures,     remi 
"wo   meet  too   with  vessels 
the  precise  fonn  of  modern  sane 
pans.""     An    iniercsling  circur 
m    connection    unih  (icic  of  thri 


■  Trjti'm  iitdia  uu)  Wnia,  p.  47. 

'  X*!™?*  I'^wv   ii.  10(1.  nud  iit,  ](<&,  aad  FtYflr'-.  Imlm.  7 

■HsBlHti's  Busuira,  HO.    •■  Danpier'*  V'oyi^e.  Un.  170:>.  u,  M- 


'  For.  Tvpof.  33. 
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IrvH  amd  Bnifcn  Caitdnmt. 
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rtrmorknUe  for  hii  frQeafity  u  hn  patriotimi.  Dunne  the  hme  that  be 
*wavrd  ihc  dvstinies  of  hi»  cmirnrv,  t)ie  niiil»BSsdor»  nf  thn  Samnitn  vi- 
litKil  him  «l  his  rnmtjic,  and  fiiuod  mm  boiling  vegpubW  in  an  oattlMn 
pwl  iir  pipkin;  iViev  nnrwipHMl  to  hriW  him  with  Isrgp  pnrfpnts;  but  tie 
c]i«nctcruticaUv  replied.  **  I  prffrr  my  purtKen  pota  hi  alt  ycrnr  %'esBels 
of  cold  and  of  wiver."  To  ibi^f  Juvenal  aliiidev,  when  rontrnsling  the 
fragslity  of  former  iimes  with  tbc  luKory  of  hie  contemporsriev : 

\Vli«n  wttJ)  Uu  lutrha*  lie  gaihi-rt^l.  CL:iiiiit  etoad 

Awl  •rtUicd  ba  prttin^i-  o'l-r  Itit^  Huinini  mioil : 

Tbal  limplv  larM,  ■»  old  Diulalvi'*  Ire-it. 

lliv  bigbway  lal>i>n<r  n«w  wituld  ■corn  lo  oai.     S*l.  xi,  IfiG. 

The  common  cmai  iron  hf/UM  kettlo  or  c.vci.dbok,  furnishes  UKxlber 
proof  of  ihe  forms  of  culinary  ve*sel«  having  undergone  Unle  or  no 
cbanjic-,  whllo  pauing  throiign  so  many  itges :  its  shape  is  precisely  the 
■une  mi  tliAC  of  the  iirrtii.A  or  pot,  sciilptumt  on  ihe  oWli^ik  of  Heliopolis, 
{Sec  it*  figure  in  No.  4,  and  Dr.  Shaw'a  Tmvflft.  403,  *13.)  Others 
witli  e«fA  *im!  ffCL,  itre  dorm<?nied  in  the  Thchan  nculpiures.  In  the  lomb 
Riunese^  (hi-  Thin),  i«  a  gmphii:  representation  of  nh  Rp^plian  kitr.hen, 
ring  ihr  prowtw^-t  of  sUyiTiff  tlie  animals— cutting  llin  jotiit»^pre- 
ii:i.'ri»dients  for  M^iuioning — Itoiling  llif  mfcni^— *ijmng  (he  fin»^ 
m<  liaking  bread,  tec  dec.     The  cnuldronat  of  various  sizes  ore 

«u,.,...  1..  .i.npe  lo'ours.  Wilkinson's  An.  Kgyp.  ii,  351,  38.%  3BA.  Thuro 
il  niwton  tn  )>elievc  ihal  boilcn  of  tbia  form  wei-e  common  lo  sJl  the  n«- 
ttOtLS  of  the  oiwienl  world  ;  tliot  tbe  '  potLagc  '  by  which  Jurob  dfffraud«d 
Esau  of  his  birthright ;  and  tlie  '  savoury  tueat,'  which  ItelMtccn  cu&k«d 
for  I«*se.  wer**  prepared  in  tliem.  To  one  of  these-.  Job  ri'ferrrd ;  ■*  out 
(tf  hik  nosints  i^oeth  rimoke,  a.*  out  of  a  seething  pot  or  rauldron."  xli,  20. 
Jind  Kli^>  iilsn,  when  h«  said  to  bis  servanL  '*  Set  on  t^ie  great  pit,  and 
•vrihe  (Mrtiage  for  the  suns  of  die  prophets."  2  Kings,  iv,  38.  It  in  often 
"~"      ioned  by  Homer,  iu  whose  writing*  it  fonns  a  cimapieiiom  object; 

.\nil  Mwn  dM  flames  oncoinpsstiug  arouinl  tu  aault  Mlf. 

iitad,  xvili.  4£7.     CotKftr 

Soch  were  the  boilers  of  ArgiM,  (re^wcUug  which  arose  the  saying.  "  a 
took  fr»Kn  Kli»— a  cattlrtnm  from  Arifos— *«/>w/rv  from  Coriudi,  See.)  and 
cif  tbo  ^yarwiw,  in  wliich  they  prepared  their  famoutt  '  black  broth.'  A 
^ure  of  a  Roman  (!aqIdroD,  in  which  the  priests  boiled  their  portion  of 
l&e  sncrifire,  is  given  by  Miseon,  in  the  first  volume  of  his  Travels,  plaio  4. 
It  has  a  b<ui,  three  stiiJs  or  feet,  and  is  of  a  spherical  shape  resembling 
van,  but  ornamented  wilJt  figures  routid  its  sides. 

The  wmc  shaped  boilers  were  common  anioug  tho  Gauls,  who  probably 
■icri<rcd  ihe  knowledge  of  making  ihem  irom  the  Plifltiicians.  The  art 
of  (nutMJT  culiiiary  vi*8m;Is,  winch  iliey  arc  said  to  have  itiveated,  (Phny. 
Nai,  Hist,  ^xxiv,  17.)  was  most  hkeiy  ybuiined  from  ilio  sanw  sooree.'' 
Tho  IV-ltttuTi  arp  aiiid  to  have  been  expert  workers  of  iron.  Their 
** "  '   "."  had  cai-s  and  feet,  lutd   was  shaped  like  those  of 

th'  ■    :w  figu^'  in  '  Scoiiish  Gael.*  p.  316.     Tho  cost  iron 

«.'liint-se  are  also  e.xoinplcs.  These  ojt  made  very  thin; 
_  iliLT,  tlicir  fnechuii;es  have  the  art  of  soldering  them  when 
Arorknd,  wilt)  {iorti[m9  of  tho  itame  int.-Lal.  i(y  means  of  u  blow-pipe  and 
null  furoact'.'     The)"  ntv  thi-  prinL-itml  article  of  furniture  in  the  dwell- 


VI  ihsy  won  twrniut. 

.  I.  Hfi,  ih«  GnuLi  wM*  Imt  indui'tMl  *e  inviul«  Rvme,  by  on*  t}f  tbeif 

>i,nVA  ■k}w  \u^  liifgi  work«<I  in  llitl  cjly.     He  csrric*!  home.  fl|i,  raiiiiH, 

'lb  of  his  ronniriDien    «  aiirinx."     fkitatNtt  TVow. 

moruiui  ur  liic  'vllls(c  o(  f '4»A«ua.  I  h^il  an  oppai 


so 


Cauldrvnt. 
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tnfllB  afUie  poor.     Tb«  kettlva  ofibc  OhineM  Mva  Mr.  BsU,  (wbo , 

ouo  Avy  in  a  ciiok's  lioiue  ooiu-  Pekio,]  "  are  iDUcud  ven/  Uiiti,  and  m 
ui'  out  trail,  l)uiiig  extremely  ini<x>th  boili  wiitiio  aud  without."     Fuel  i$ 
•otLTCfi  nnii  they  xuvtX  bellows  to  heai  them.'     The»e  we  Imve  no  reason 
cuppone  have  unJergone  any  chan^  from   tlie  remotest   tiroes,  an<l   llit 
•re  in  oil  pmlial^iliiy  ot'  the  siune  torm  as  the  celebrated  cauldrona  trf 
thiuicy.     Thiu  ilio^  ut'  the  ^cyihiwift,  the  ancteiti  Tanan  and  ChiDC 
were  mmitar  to  ihoae  of  the  irieeks.  is  assorted  by   Hnrodofiu.     **, 
Scyihin  is  barren  of  wood,  they  have  ibe  following  contrivance  to  dim 
tho  fle>lt  of  tJie  victim :  having  Hftyed   the  animal,  ihey   strip  the  fledi 
fmm  the  bones;  and  if  ihey  h&ve  tliom  at  hand,  they  throw  ii  mto  cert  *^ 
fota  made  in  ScpJtia,  and   iiekkmblin<i  the  llsbuk  cauLUKaya,  thou 
somewhat  larger."     Herod,  iv,  61. 

The  boilers  of  the  anctcnt  Mexicotis  and  Peruviuis,  had  the  aune  ga* 
nenl  form,     Seu  plate  31  of  Frezier'e  Voyage  lo  ihe  .South  Sea,  in  ITlS 
'13,  'M.     As  these   people  hod  not  tho  use  of  iron,  their  vessels  were  0| 
earthenware,  copper  and  its  alloys,  silver,  and  even  of  ^Id.   In  ihr*  ti^mpg 
pie  ai  (^t.ico.  "  were  boyling  nota  and  other  reueU  of  f^Id,"    Two  nnoi 
roniis  rniihlrons  were  carried  ny  the  conquerors  to  Spfun,  "  each  niitBcicf 

wherein  lo  lioyle  a  cow."     (I'urchaa*  Pilgrimnt'o.  1061.  and  1073,1     Th 

negntus  of  Africa,  maile  theirs  of  iht^  same  shape.     (Ucnprale  Hiittoiro, 
lotn.  V,  Flnnche  SK.)     Large  oauldrutu  were  common  of  old ;  they  are 
i'rutpienily  mentioned  by  Homer.  Herudotiu,  flee,  and  in  tho  Hible.    Maho- 
met, in  die  3  Ith  dutptur  of  the  Konin.  speaks  of  large  cauldrons 
longing  tu  l>arid.     iiomo  of  dtose  represonted  al  Thebes,  nppexr  at 
BcienUy  capocioos  lo  cuDtain  diu  cooks  that  attnnd  them.     Crceraa 
together  a  tortoise  and  a  lamb  in  a  largu  brason  cooldrDn,  whictt  bad 
amer  of  (ho  same  metal ;  hence  the  reply  of  tlio  Delphic  oracle,  to  i)i« ' 
demand  of  his  aml)iL*«iidor«  ui  be  informed  what  Crtesos  was  at  that  mo- 
mmil  doing: 


G'ra  now  diB  oilon  to  njr  senso  that  liao 
A  tuiK^iM  boiling  with  a  lamb  npplie*, 
Whoro  htast  Iwtow.  md  6ra»  above  it  Uaa 
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The  quf4tioii  nittiirally  arisei^— why  such  uniformity  in  the  figure  oft 
nteni>il  T  luxl  what  has  induced  people  in  dintant  times  and  coontnaa 
mak<?  il  ren^mble  a  [mrtton  of  a  hollow  apltere  or  spheroid,  instead 
lonntng  it  wtth  plme  sides  and  hotlom  T     It  is  clear  Incre  was  aomc  cof 
trolling  reason  for  ibi» — clae  why  should  the  fanciful  Greek  and  Komi 
arliste,  have  pennitted  it  lo  retain  it^  primitive  form,  while  all  other  hou* 
hold  impleiiienla,  as  lamps,  vases,  drinking  vessels,  and  tripods.  Ac.  wei 
iDuuldud  by  them  into  endlesK  shapes      Crasen  cauldrons  we  know  wqi 
highly  priced.     They  were  sometimes  polished,  and  their  sides  richly 
namentcd,  but  sllll  ciieir  general  tbrm  was  the  »ame  as  those  of  mure 
eient  (>eople.     In  this  respect,  both  Greeks  and  Unmans  left  lliem  as  th« 
found   them.     The   reason  la  obvious.      When  n  liquid  is  hented  m  ■ 
lindrical  or  other  veseel  having  pernendicnlar  sides,  it  eii»ly  •  bails  ofrrt 
but  when  the  sides  incline  imtrardu  at   the  top,  as  tn  the»e  cauldrons  ; 
cannot  well  be  thrown  out  by  ebiillition  alone;  for  the  heated  waves  a«  die 


tvaliy  of  sMinic  a  Itotrer  oasmta  what  I  b^IwTv  it  mknown  in  CnrapM.    H»  nHpd«d 

and  •eld«fi«]  rryinjE-[>aiw  pf  can  irua,  iJiai  were  erackud  anil  (\t&  of  boltw.  uiil  raUN od 

thsTn  to  ■h'-ir  phniitito  fUta.  «i  thai  ilwy  twcamc  aa  wrvicaaUc  a*  vevr.  H«  araoj     '~ 

\*  lb  olTuct  i!  <>Kd«()  60  i{ieMlil;.  M  to  txeitt  toy  aaconii' 

..  Jtiuriul  <•  '  iMnlMMjr  tn  ChUu,  I7UI— &.  t.on.  17%  U, 

*Tnit«k  iVdiu  fNttanbiujb  lo  dircnc  parii  uf  Am.    Lon.  17U.  1,  311t. 


Cb^  3.J 
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rav  uv  dirvctf  d  lomnlii  Oic  centra,  where  their  force  u  expended  af^oitm 
<»ch  Other.  Dyers,  hrtwcre,  distillcfM,  Stc.  iiro  wpII  uvarc  of  thi*  faci. 
T,,  i^t.r,  hr^d  iht*n!rore  obsorrvd  the  incfficicDcy  of  sti-ui^bt 
'■d  a  ximpte  and  l»(?ftiitifiil  remedy;  one  witch  was 
i'>  liic  provinus  iim:  of  natiirnl  vrssuU.  &«  llie  i^iiiird, 
■an  proof  ol'thi'ip  Mgvctty,  anil  of  the  curly  progroas  of 
iijiiii.i,n^  and  motdding.  From  lli'-  trntrcine  antiquity  o(  these 
rauldrtm^,  it  i.^  iiui  improhnhlc  thnt  ilw^tr  fnrni  i»  nmilar  to  tliu  paujem, 
whith  TubiJ-f'ain  himself  iv^d,  and  whif-h  helaiight  hi4pii|iilA  ui  iniilatc. 
Suiiilar  vosaele  are  found  in  ihc  workshuput  of  Vtilran.  Spc  plate  BO, 
Painting,  in  D'AgincourlV  Sinria  OoH'Arte.  Prnin.  IS;;?.  BnuiKO  c»ii\- 
drum  were  tbrmerly  cojiflideri^d  sitjtahlp  pn.>«ent4  for  king^^rewards  uf 
■Tilof-  -pfiaeg  in  the  gampn,  lir.  Of  iIk*  gifts  ofTorcd  i>y  Agunemnon  to 
,  to  app«»M»  the  wrath  of  Achilles,  wei-e — 


ScTvn  IripiMli.  nrtor  ■ulliniJ  yet  by  tira : 

or  ptd,  tut  toloui;  Twxm  cAt-Lmoiit  brigtn,** 

lUad.  ii.  150. 
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They  were  among  the  good*  whtch  Friam  took  to  redeem  the  body  of 

Hector- 
He  alw  took  tdu  talcali  ferlli  or  f  uM. 
AQ  weigtwO ;  tMo  iiilvadid  ItiimmU  ;  cut't-Munii  foiir ; 
And  aftKr  lh»m  n  cap  of  nwtcNci  warth.     Ii.  ixi*.  394. 

The  prizes  at  the  funeral  games  on  the  death  of  Putroole«,  were — 

*  CupaCMMu  ciuLUMoK,  Inpuiii  brifbl-' 

'Id the  Hr'  -■.  th»y  were  conwdered  Huiwble  prwtenis  to  a  Parflinn' 

.  he  oame,  and  was  presenKnl  by  Utc  caravan-Bashi 

rS  piet:Ai  uf  luttin,  half  a  picM  of  sr-arlet  cloth,  and  (wo  large  nopper 

"     Tavenil-r'ii  Trav.  Irfwj,  1678.  61. 

Tl  trusive  vessel.'*  are  now  U!«'fi  without  exciting  a  thoughc  of 

their  ...-  of  the  ingemiiiy  of  ihnse  In   whom  wo   are   indebUKl    for 

ioid;  aithoa^h   ihey  have  contributed  infinilnly  more  to  the  real  romfort 

•ad  iaoiiesiit  )minii(;alion  of  man,  than  all  the  splendid   TksZB   that  were 

ever  in«de.     'I*be£a  have  aJwaya  had  their  admirers  and  hislnrian!).     Vo- 

JnmHa  fmbellishud  wit]i  costly   illustrations,   have   been  written  on   their 

l^^rni*,  ciiaiitnaU.  ages  and  aatbors ;  but  no  modem  Hamihon,  haa  enterttd 

llie  kiirlien  In  record  and  illuairate  the  origin,  improvemunt,  raoditicadoni 

and  varKiua  uses  of  the  cauldron.     This  veesol,  like  a  despised  but  ue- 

.  «eMarv  attendant,  ha*  been  the  inscparalile  companion  of  man  in  hi»  pro* 

fntea  barhariMn  to  refinement,  and  has  administered  to  his   neoeui* 

y^t  't !'»»  over  been  disregarded,  whilu  litonuy  rtiiti- 

■  a   in  numerous  treatises  on  the  ^nrtacs  of  meata  pnv 

ill  iL     I:^  lid  less  arc  the  eaaays  on  saucer,  hut  the  history  of  the  moro 

bI  *AiicC'pftn  i»  yet  to  be  written.     An  account  of  thifl  vasscl   and  of 

ion,  would  place  in  a  very  novel  und   instructive  liphl,  the  do» 

I  i;iners  of  Uih  world ;  and  an  examination  of  the   various  moilca 

if  A^un^  the  Utter,  would  bring  to  riew  many  excellent  dovioea  for 

^•CowrMiii/ioi'  rurl." 

V  ,  ^y  oriental  women  to  convey  water  from  public  wells  and 

Sum:. uomcatic  purposes,  are  olVen  refvnvd  to,  )iy  micitmI  and  pro- 

bne  •uthon.     Figtire  No.  5,  rejircsenu  a  fenialo  of  Hindoatnn,  bearing 


■Am  Hit.  aiii-it-Jil  Pcra*iiut  tiimncv  in  Frezler'*  Vajng*  lu  llw  Soalli  8raa,  bj  which 
ifaw  eaiilJtotw  wrif  ItKatiiil  by  ■  nKtr  wiudi  pat  or  liuni)'*  dong,  or  of  tlii;  ploni  itto  ; 
vhioti  <r«r«ro  iM>d  fot  want  oC  odMr  fU»l. 
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one*,  ihe  ftliipi*  of  wliidi,  oUuely  ptfaemlilM 

gounJ  witti  th<^  ni*ck  reraorcj,     This  t*  iIkjipi 
nernl  form  tLrougliout  the  CiuC.     The  HiuJf 
iiavi' them  of  copper  or  brass,  ae  wcJloj  of  «b 
«D\.vur«,  bul  thoy  tl^(^  oJl  rttspetl  alike.     Thil 
not  «  liul<r  Rin^lar,  I)«cati8«  a  deviuioo  fn>D 
globulti'  Ui  m.  c\'iin(lricAl  form,  woulJ  enable  ' 
tnctfhAnics  \r>  mako  OiMf  of  mend  ar  macli 
oxpcn«e.     Tbcy   therefore  a^li«re   lo  the 
mitiv4t  mndo),  beriui»e  of  iu  superiority  01 
oi)it-r«,  or  fnun  that  adbefiioa  10  arjcieui  cuut: 
which  forms  so  promitM'ot  a  fe(Uar<>  in  Ata 
.  character.     In  the  enrly  agn*  ii  was  Uu>  unii 
sal  cuaiom  for  young  wotnen  10  draw  Mnat 
The  dftiiEfhicrs  of  prrncp.*  arwl  chiof  men,  vn 
not  exempt  rrom  It.     ItU  and  Osins  arc  wmrUro>'^  renreseniitd   mih 
tor  veaaeU  on  Uielr  lieads.     There  are  a^vfirDt  inii>r[*:inn£  cxnmptpk  in 
Old  THUirnent.     Homer,  aa  michi  be  expected,  friMjuiMitlv  illt^lNluc(^!l 
malea  ihiu  occuptKl.     When  Nestor  entertained  TfJemachua,  be  bade 

Tha  hanrtinaulu  tor  lfa«  feari  prepar*. 

Tbc  Mau  to  ranfe.  tli«  lYagnnt  wood  to  bttof. 

And  limpid  watcn  fron  Iho  lirtng  ■priog.     Orfff.  iU(  S44-  fa^ 

And  agun  at  Ithaca ; 

With  dnleoua  luute  «  hevy  tut. 

Of  iwrnty  Ttrgiu*  to  lh«  opring  rvjuir : 

■  *  ■  •  «  ■ 

8ova  frvin  iba  fbuaL  with  mch  a  briramtng  um, 

(l^nttitciu  in  their  Uaiii)ibe  maid*  rcinxn.    A.  xx,  109  and  903. 

FouuL^ns  and  wolls  became  ihi?  urdinary  plarua  of  latembly  fnr  y 
people — especially,  "at  tlie  timo  of  thu  owning,  ibo  tim«  thai   women 
out  10  draw  water."     Own.  xxiv,  II,     Sevrnil  nf  the  FatrUrrhs   ftrsi 
held  their  fulur**  wires  on  xHHifc   mxH&ont ;  and  wenp  dmibllcsi  aa  mi 
captivated   bif^  ihuir  indnatr^-   and  bonc^'oIenL  diaptmiiotM  in  rvlteving  tf 
wonts  of  BtntDgCTV  and  travelers,  aa  by  tlicir  parwmal  charma.     It  wms 
*  Baaide  a  chiTata)  iprinc— 

that  Ul^wna  met  tlie  daughler  of  Antiphat««.  Traveler*  Iulvh  ofteo 
ticed  th«  ain^iliir  tact  wiLh  wiiich  Asiatic  women  bnlance  aewml  of  I 
water  pMa  on  tbeir  heads  witbuui  oncti  tuucbin^  tbeto  with  their  baiK 
"  The  fiueal  dam«a  of  the  Qt^'nions  dtsdaincd  not  to  curry  water  on  their 
heada,  with  tomctjines  tice  or  tArtt  earthen  puta  otvr  one  another,  fur  house* 
hold  service  ;  ihc  like  do  alJ  the  u-oiiieii  of  the  Gcuulos."  Frycr'a  Tr«y. 
117.  Atone  of  tliuir  ruLigioui  fuativala,  Hindoo  wonion,  **havo  a  cuatMn 
of  dancing  witli  aeverul  pota  of  water  on  their  heads,  placi-d  otto  abova 
UMtbor."     Sonncmi,  1.  150. 

A  eery  pleaatn^  instance  of  female  dcxtvrity  in  curving  ^'nier.  is 
corded  by  Ilerudutua,  v,  12.     /W  Uariua,  king  of  Persia,  "  '  pill 

licly  in  one  of  the  atrceta  ofSurdis,  lie  ubservud  u  yuiuiu  ' 
elegance  and  beauty,  bearing  a  Tusacl  un  her  head,  leadin§^  a  liunu'  by 
hrtale  fiuu-ned  ivund  her  arm,  and  at  the  some  time  spiiiniiie  fiomi-  thnN 
Poritu  viewed  her  as  sha  parsed,  tn\\i  auentive  curiosity,  nhwrvrnir  \\. 
lior  etnpIoyiueDts  were  not  those  of  a  Periion,  Lydion,  nor  indeed  of  at 
Aaiolic  female ;  prompted  by  what  he  had  seen,  he  ient  aomu  nf  h'» 
ttmdanis  to  nbaerve  what  ihe  did  with  the  horfc.     They  accordingly 
lowed  hei^— Wliea  she  carae  to  the  rivtir,  the  gave  the  horse  soma 
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and  then  Btled  hvr  piichor :  bftving  duoe  tixia,  slid  returned  hy  die  way 

she  cnnie,  wlcb  tiie  piicher  of  voter  on  her  bend,  the  hone  foausned   by  a 
bridle  10  her  ana.  wid  ut  itvi'viv,  vniplovud  in  epi|jnin<;, 

[ndiutnou  iaivt  U  an  orimmunl  tu  «vvry  ^uunt;  ^^'uln^i1 — indtied  nei- 
ther ihe  •ymraelry  of  her  person,  »ur  iho  viwyr  of  hoi-  niind,  cun  bo  per- 
fectly developed  intKout  11.  The  hnu  foriiia  mid  ^'lowing  bealth  of  tbe 
wotneo  of  old,  \rere  citieOy  owiag  to  their  u-rDuerati*  modes  of  tiring, 
their  isdoftrioiu  babii«.  nttd  Uie  cxerci.Mi  liicy  touk  in  thi;  otwn  air. 

A  circumsiiuice  recorded  in  the  bii<toryul  the  Kj^yptiana, 
sccnuiiu  for  (he  peculiar  rurtii  of  oiie  of  tJiuir  fnvohte  \ea- 
sels,  the  Cinoptu :  the  aanexed  ligtirc  of  wfairh,  is  i&kcn 
from  ihc  *  Iliaiory  of  tbe  uici<?iit  |hto[iU;  of  Italy,*  plate  S7. 
It  was  named  alW  one  of  tbeir  deities,  whi)  liernmo  fit- 
tnOtts  on  account  of  a  viciory  which  he  obtained  over 
the  ChiUdcaii  deity,  Fltu:; — llie  story  ot*  which  uxbibitA 
no  amali  ilci^ro^  of  ingenuity  in  a  priest,  and  it  ufiurdH  a 
fair  Rppciraoii  of  the  roirach^a  bv  uli!''b  [►••uple  vrvrc  de- 
ludeo  in  rpmote  timen.  Tbii  (-MdiMiis  boa^lod,  a?  ibey 
justly  iniuhi,  uf  the  iinlinincd  [rawer  of  ihi<ir  god,  tuid 
they  earned  him  about  10  comhai  with  those  of  o|]icr 
pronnces,  all  whirlt  be  cutsily  overcame  and  destroyed, 
fiir  none  of  their  images  were  able  in  rt-ftist  ific  force  of_^re  ! — At  length 
a  ahrewd  pnest  of  Canopus,  devised  this  arriBee  and  challnBgnd  the  Chal- 
deans to  a  trial.  He  took  nn  earthen  jar.  in  the  bottom  and  sides  of 
vhich  he  drilled  a  freot  number  of  small  liules ; — these  he  Mont  up  with 
wix.  and  iJion  filled  the  jar  with  wiuer:  he  icciired  the  head  of  an  old 
itDi^  DpoD  it,  and  having  pointed  and  sufficiently  disguised  it,  hroueht 
it  fbrth  an  the  god  Canopu*!  In  the  vnntlici  with  rJie  (!haldean  Deity 
the  wax  was  soon  melted  by  ihe  latter,  when  the  water  rushed  out  of  iho 
holes,  and  qnii'VIy  extinguished  the  Hnme*.  Unii".  Hi«.  i,  206.  In  me- 
inory  •■f  ihi«  vieU'ty,  ve*s«;ls  rf:*einhli»{^  the  lipnre  nf  the  god  used  on 
til  ri   became  common.     Or.  Shnw  gives  The  tigiire  of  one  which 

bi  :  ^nth  him  from  Rgypi.     Trav,  425.     Hoe  Momfn-iicon,  tom,  ii, 

liv.  i,  cap.  IS.     A  fisure  of  one  ilirowing  out  water  from  nnmerons  hole* 
on  pwery  i^ide  i«  also  given.  Tom.  ii,  liv.  iii, 

A  aomewhar  .similar  case  ni  ftuperanii.tn  in  the  middle  ages,  ii  quoted 
Ifg  Bayle  from  Bnrontiis  ;  Tieing  a  trial  of  the  virtue  in  the  bones  of  two 
winci ;  or  rather  a  come«  of  priestly  skill.  St.  Martin'ii  rolica  being 
carried  oi»i*r  all  Prance  cnme  to  Auxerre,  and  were  deposited  in  the 
charcb  of  St.  Grrmnin,  where  they  wrnught  several  miracles.  The 
prietTs  of  the  livtter  considered  him  a?  great  a  saint  as  the  former ;  they 
ibervrorn  demanded  one  half  of  the  receipts,  "  which  were  considembic, 
but  Martin's  pnesu  conrrnded  that  it  was  his  relics  tltat  performed  all 
the  Riintrtirs,  and  tiiprrron*  uiJ  the  giAs  Iwlonged  to  them.  To  prove 
this,  thi'y  proposed  (hat  a  sick  person  should  be  put  1>etwecQ  the  shrines 
of  the  "uiint",  to  Bsrprlain  which  peri'ormed  tlie  cure.  They  tlierefore 
liid  a  Irprr  l>t-t\v-'<-ii  them,  and  be  was  healed  on  that  side  which  was 
snxl  In  Sl  Martiri'x  rxmes,  an<l  not  on  tbe  other !  tlie  sick  man  then  very 
oaiurally  iunii-<l  his  Other  side,  anil  wa.i  inMantly  healed  on  that  also! 
CariUuid  Bar»riiut  in  commenting  on  this  ivsult.  ■friouiily  nbserves,  that 
St.  Germain  was  as  grrai  a  uitnt  q*  Sl  Murlix,  but  thai  as  the  tatter  had 
done  hiui  ibryhrrtr  »/^n  rui',  he  siutpeiMlcd  tlie  iiiiluencti  be  bad  with 
Ood,  10  do  bi>  ifiril  tiiu  grenlest  honor!  Tbo  custom  of  having  patrOn 
suau  wr  ^0'I«  was  uri^cnal  among  the  ancient  heathen  ;  and  the  same  ^S- 
letn  wtM  earned  lj>y  half  psgan  rhnstians  of  tbe  dark  ages  to  an  incrcdiola 
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«xtL>nt     Ecclodutim  pniliiM  ilio  coantry,  like  idnennt  jugglvn,  <rir| 
tucks  oflioniift  end  mlwr  ml»:«  Ironj   iJiu   cbtraol  Iioiisc — Uio   i  :     ■ 
vinupA  lit'  wliicli,  they  sold  to  Uio  drltfdcii  mullicude  u  in  tiie  ulioi  < 


CHAPTEH      IV. 

Om  Wma*— Walw  OM  of  Ita  tnt  abjteta  of  aafMct  lw*lMnilp»ft— !.«(— W(JU  ffcn  ttf  Mkc^— 
DlnlRif  ■'■'■**  ■'■"V^  rock  •ilbw|UDBl  10  thoutvt  awt*lk>r-;tflu(  JiflUf  Ihein  nnini  M  (rcu  par 
r(<!hai  by  lit*  AtWUi — K«t*m  ntikmli  of  ■•klor  ll>*"*  <*  l-^*^  Mtl*  d'HTvJ  ffamilic  e^i  — Walli 
niton  tbn  nurtrl  oT  <illp*--P>iTtIii  trail*  (namna  nf  <J(I— Piililic  cDlk  Inrmeil  l>7  IhtE^ltll— Wclb  iu>-' 
nnruo*  la  ljt«*c< — lotrO'IucnJ  lh«r<  by  t>an«iu — fuel*  coa»«UJ  nilli  tbsM  la  Ui«  *>'lbvt<>{l(  i^aa — 
IVniiii  HuliMwJiin  u>  AiWmh  ■*!  l,«c»lMaaa  ihnraa  Inloirtll*— J*baniiwa.Cnnhafr«ii:ut  and  lUiaiMi 
nalta  riiaui — CaiMr  aMl  Pdui(>iT'*  h un * led(ii  ol  naJiinf  xlii  *i>kU«<l  (km  (»  muq tr  Ctiy  if 
Phb|<*i>  iliimana  b;  ill|||riuf  ■  anil— K'alk  IB  TUm.  PBrtu,  PabiXwa,  taitte,  Mi<l  TH(b>r— Cb 
•f  SoIkwuii — Saflnrlnta  <if  Iriiairn  IVmi  lluni — UhtUo^  anuaol  Inm  l««  A&lraoaa— Mr,  Hrani  I 
Afcpataia— l»i.  Kjrrt  ku  ifimttfvau— HioitoD*  |irvl>><  l^  u.i.r— c»T»fi.ii .'«  aooo  pwaaw  «ft<  II 
UIMb  P<f4ilkt4  M  llu  AAiCaMriMBM— OnMdrr* 

As  lh«^  hiimiui  family  iniiltiplrt.-4t,  it*  ii>t-.iuix;r«  nc  1:1:91)14 rily  kept   i^xtond^ 
ing  lht?ni*elves  more  ami  morn  fri>m  tlteir  lir*t   rilimie ;   imd   in  seorphiot 
far  Nuitntiiti  lornUnnv  the  proKf>nc:t  of  ol)laiiiiTi^'  wiilnr  would  m.'i^LMsarily  ex- 
ert a  ciinlnillitig  inHueix!!?  in  their  dt^iMionii.     An  uxiiinido  i>f  i)ii<i,  in  liUcj 
tinieH,  t»  i^vcn  by  Mink^s  in  ihc   cnno   of  Abrahuiii   lUiJ    LoL     TIti?  li 
wiLH  iiio  much  ct-uwdc'i)  Uy  t]i<;;r  fiiniiiit^ii  uiid    (lucks,  "  50  tkoL  lltpy  cuutc 
out  dwell    Uigi!tlmr,"  uwl   wtitm  tlitty  liaxl   cuncludud   to  M-|iantIe,    Lot 
selected  llie  plain  of  .Irirdui,  tjeciutiMi  *'  it  w»»  »«//  uvtttreil  evury  whrTW." 
Gen.  xiii,  10.     In  llie  liifurfttivR  Innguitgi*  uf  tlit*  Knat,  "Lot  liReJ  up  tiU 
cyei  Mid  behuld  all  th«  |)laii)  nf  Jurdiui ;"  in  pluii  En^ltstl,  bf-  went  iUH|| 
CBTRfully  examined  it.     Wbttn  llius  extending   iIicuihuvcs,  the  early  tn>J 
hsbifsuU  of  the  worlil,  would  rn««|uenlly  luoct  witJt  liicuUodS  t'vpry  way 
adnpied  Lo  ihoir  wanLn  wiOi  tlie  Kindle  exctiplJon  tif  water ;  circumslanoek, 
wliicli  necessarily  must  have  excited   their  ingenuity  in  dcviiiug  meami 
to  obtain  it. 

At  what  jieriod   of  mans*  hislury   he   first  had   recourse  to   wells,  wo 
have  iiu  .iccount :  nor  of  the  circuniBtances  which  led  hint  to  penetraU  tkt  \ 
earth,  in  ^etirch  of  water.     WclU,  we  have  no  doubt,  are  of  aiiicdduvisa  < 
ori|^,  and  thi.<   knuwl(.*Jge  of  Llieni,  like  that  of  the   primitive  arts,  has ' 
been  preserved  by  uninlernipted  usfc   from  the   period  of  their  first  dis- 
covery.    At  firsi,  dtey  were  probably  uoUiing  more  than  Khallow  cavitte* 
dag  in  moist  places ;  and  tbeir  depUi   occasionally  incremwd,  in  order   to  1 
contain  die  nr/ace  water  Uiat  might  drain  into  tlieoi   witJiin   certain  inter- 
vals  of  time  ;  u  mode  of  obtaining  it  still  practiced  among  berbaruus  peo-  1 
pie.     TTie  welU  of  Lalakoo,  described  by  Mr.  Campbell,  in  his  "  Tmrels 
in  8outh  Africs."  were  of  this  descripduti.     They  were   but    two   U^l 
deep  and  were  emptied  every  mnmliig.     The   jwople  of  New    Holland, 
die  most  wretched  and   ignomut  of  our  species,  had   «itnilar  uxcnvnlionfi, 
at  wliich  W/»«/'*>r,  when  on  the  coast  in  loss,  ol'laiimd   u  supply   ft>r  hi* 
stupe.    He  says,  "  wc  611cd  oor  barreU  with  w«tur  at  wells  which  bad  bMm 
dug  by  die  netivei."     Bumey's  ^'ov.  i».  860.     Wells  nr.  rod 

wiifa  tue  mpersduotn  of  the  New  2«alaiiders  ;  and  the  i  i-s, 

wbra  discovered  by  Rooebuo,  had  pus  or  «]Udre  wnlU,  uinJi   llwiy  bad 
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6\te.  for  WAlrr.     Krtaehae's  V07.  ii,  28,  CG,  awl  va,  145.  283.     The   frasb 

^vrnirt  frliich  Coliimiitts  fr.iiiul   iii   die   tmta   lieUingiutf   Ut   tlitf   Jndiitix  of 

rCulA,  vras   prohuldy  oViUiiiRd   from  aimilar  well* ;  but   which   tJie  8pan- 

lirdd,  wlio  fimiiii  nmic  Ijuc  suli  wafer,  were  onable  lu  Axtoovor.     PrrtoMol 

fiar.  </  CMttw.  67.  Sotfoii.  1SS7. 

TbcsB  limp!?  cxcnvattODa  would  natnrully  be  multipUtKl   and  their 

us  ciiliirgi'tl  oj  fur  tu  the  liinitcit  tneaiu  o(  in&n,  111  Uu-  viirly  ftf^, 

ruii,  and  hi*  incrL'asins  wiinb  rui^uire.     But  wheu  the  dwcovery 

K  :iji.'tid*  H"iIl  place,  (in  ri  !i  gcncntion  fi-ooi  tlitt  linil  juur,  ac- 

Xig   lo   boih  -Moses  vid  '  'liion,)  tlie  fJiy»/A  of  well*  Mtmld  no 

rr  be  arrested    by    rocks,  nor   tlit^ir   conslniclion    limited   U)   lr>c«tu>iui 

twbens  tlie«c  diil  not  occar.     From  very  tuicteot  wcUa  which  •till  ruDiain, 

lit  a  cmain,  that  lU  a  time  long  anierior  lo  thu  commeQccmeiiL  of  history, 

[tlie  knawled^  of  pmctiriiig  vnter   by  mean*   of  tlii>m,  was  wel)  under- 

pcrhitp*,  crjtinlly  so  as  at  pmscnL     On  this  rap|)osiTioii  only,  can  w< 

nooDcOe  thv   selection  of  locatiotu  for  thorn  composed  whviij/  of  rotk. 

Some  of  th«  oldret  wvlla  known   are  dug  entirely  throagfa   that  material, 

Bod  to  •  prmligioiis  drpth. 

Man's    itigtrnutty  wiu*,  porhnpy,   lirst  exercised  in    procuring   water; 

and   it  is  nnt  improixiblt;,   that  tl>e  nrl  of  constmcting  wells  was  more 

rapidly  carrird  to  piirlVction  than  luiy  other.     The  [)hys)cal  character  of 

[ounlju  Aiiia,  ita  rjimsile,  iinivrrwJ   deficiency  of  water,  ita   swarma  of  in- 

iiitantx,  and  their  piinlDnil,  ami  iMTrictiltunil   ptinttiilH,  would    nwrusHarily 

[intributir  to  tlii*  re.iiill.      The  AbW  Flfury,  in  hi»  "  Mannirr*  nf  thu  Alk>J 

I«r»»»"liti-s,''  juntly  oliiicrres,  "  th«;ir  iiitrttcniu!!  htii'dn  of  cjjltle  nit 

1  ti.-m  lo  »rtii  vi;ry  high  value  on  thrirwelU  ami  cixtema;  and 

V  n*  they  oc4:upied  n  country  wbtre  ihere  wiut    nn  river  but 

nun  »«!ldom  ff-ll."      Chap.  iii.      In  no  oihtir  part  of  the 

I'-m  time*,  luw  nmrv  Mrieitco  ixteu  evinced,  or  inechani* 

••ti  in  j>tinetrHting  ihM«arl)i,  lliiui  in  exhibited  iti  untrMoftfaa 

Itcic.  I   '!iii  inut;   and  it  m  la  tlieir  aiilliom,  that  WK   are  indebted 

the  only  known  toethod  of  sinking  wells  of  great  deptli,  through  kM>M 

sib  ami  <{tiK'k»and*,  vis:  by  Smt  cnnatrucdng  a  cuHi,  (of  stone,   brick,n 

c.)  which  MeilltHi  as  the  excavatiuti  is  deepened,  and  thereby  resists 

'mwtxiiv  of  the  surrounding  soil. 

Wi'lN   are  menii^med  by  Mtwec,  aa  in  fonsniim  km  among  the  ancient 

'Can.*>uiiti*« ;  some  of  which  at  tliat  renMte  age  a«ljnined  n^ads,  for  the  be- 

cfil  of  travelen*  and  tlie  public  at  large.    Imlced,  ail  people  who  have  had 

arse  10  wclU,  have   consecrated   vome  of  iliem  to  the  convenience  of 

u*<.-rs  and  iravelerg.    The  firai  wells  were  probably  all  of  this  doscrip- 

MoM  tpf  those  roentioned  m  hioiory  were  certainly  such.     At  one  of 

f,  Hdirtr  rested  and  refreshed  herself,  when  ahe  ficd  from  tlie  ill  tieat- 

I  And  it  was  "  by  the  wav"  of  this  well,  that  Isaac  was  going 

rfaci  met  with  Rel>ecca.    And  we  leani  from  CJen,   xxv,  H,  that 

•obiwiuecitly  took  op  his  abode   near  it ;  a  custom   by  which   wells 

Miti^ntlv  I"^':3iiie  nuclei  of  ancient   cities.     Jacob's  well  ia  an  example, 

v  him.     When  that  patriarch  and   his   family  drank  of  iui 

.1  .'l!in|{^  wer»  near  it;  (Gen.  xxiii,  19;)  but,  la-fore  the  dnMn 

'  Tiad  to  far  increased,  as  with  ihr   ancinnt  Shalom,  to 

>_-,v  of  Samaria.     And  IjOO  years  befr>rn  Alexander's  ron* 

I,  Jemboaio   when  ho  governed  the  ten  Irilie*  had  a  palace 

'if  this  well.  JtHephus,  Antit^.  viii,  3.     "  Tadmur  in  llie  wil- 

ilmy^.  one  cA'  the  mtnn  splendid  cities  of  the  uld  world, 

'  ?  Chroo.  viii.  4.)  in  tlin  Syrian  dejert,  and  iu  Uiea- 

n^  to  Josephus,  (Amiq.  viii,  6,)  "  beca>ua   at  that 
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place  citily  there  am  springs  uul  piu  (n-t^llsjof  water."  Pliny  fiukr« 
same  remark,  and  spRi\k<i  of  iLt  "nbunil&nco  of  vi'ntcr."  Nkt.  Hu.  r, : 
Bottnini.  in  )iis  '  Syrucustt  Antichi.'  remark*  tliu  mom  of  thn  Sicilian 
took  lli«ir  luitncs  Imm  llie  lountainK  ihcy  wi^re  near,  or  the  nvttn  rhcj 
borilered  upnii.  The  ilcup  well  in  the  Cumesn  Sybil'*  cavu,  gnve  itx 
LUtfbr,  boiu  lo  the  oipe  anil  town  nearit.  Breval's  Keniarkj  on  li^nrnfw,  I! 
39.  The  Aame  may  be  naid  nf  other  Kuropean  cities.  Bath  in  Enj^ 
1  derived  iia  name  from  the  springt  near  i(.  It  was  named  Cncr-Bador 
or  the  place  of  batJi*,  before  the  Roman  invasion.  The  city  of  WeLt^7 
also.  vti»  named  after  ilie  wella  of  water  near  it,  especiaJly  the  one  now 
known  na  Si.  .Andmw'n  Well.  Lewia'a  Topognphical  Dicuonary.  Many 
others  might  be  named. 

Private  wells  were,  however,  rery  common  in  ancient  times.   Abr&luun 
and  Taaac  conatnicied  nvenO  fbr  die  use  of  their  avm  families  and  flodcv 
David's  spies  were  secreted  in  the  well  of  a  prirate  hou»c-     "  Waiel 
ODl  of  thine  own  cistern  and  running  waters  out  of  thine  own  well/'  u 
the  language  of  Proverbs,  v,  15 ;  and  in  tlie  2d  Book  of  King*,  xviii,  31 
we  read  of  "everyone  drinking  water  out  bis  of  own  cijiterii ;"  or  pit  as 
ia  in  the  margin ;  a  term  oftt?n  uaed  by  eastern  wnt«ni,  aynonymoasly  wit 
well.     In  the  plans  of  private  houses  at  Kam&c,  it  appears  that  the  aneici 
Egyptians  arranged    thoir  houses  and   court  yards  (Grande  Detcriptt 
torn,  iii,  Plancbo  xvi,)  in  a  manner  very  similar  to  those  of  the  Itomaoi^ 
ad  seen  at  Pompeii,  and  like  these,  each  house  was  geiicrollv  furtiifihcdi 
with  a  round  well   and  an   oblong  cistern.     Lordner's  Ail£  of  the  (irrel 
and  Jlomans,  i,  44,     "  If  I  knew  a  man  incurably  thankless,"  Niys  S«nc 
"  I  would  yci  he  so  kind  as  to  put  him  on  his  M-ay,  to  let  him  light 
die  at  mine,  or  draw  water  at  mijKH-U."  Seneca  on  Benefits;  L'Gsti 
Tnina.     The  story  o(  Apono,  an  [laliQn   philosoplkcr,  and    rrnuted   msf 
rian,  of  the  13th  century,  indicates   tltat  almost  every  house  had   a   we 
He,  however,  had  not  one,  or  ii  tt-asdry,  and  his  neighbor  having  reftii 
to  lei  V\f  maid  dmw   water  from  his  well,  .Apono,  it  was  aaia,  by  hil 
magic  ri)ii»ed  it  through  revenge  to  bo  carried  00*  by  devils,  Bai/ir 

Nnmemutt  wells  of  extreme  antiquity  are  fitill  to  l)e  sofin   in    KgypI 
Van  Sit'h  notions  eeveral.    Besides  ihoae  in  some  of  the  pyramida.  thcni  ar 
others  which  ore  probably  as  old  as  those  BtmcTurefi.   Mr.  WiUdosoo  mot 
tioua  one  »<ar  tlw  pyrunuds  of  Geeaer.     An.  Kgyn.  vol.  iii.     Among 
ruins  of  Nineveh,  n  city  whose  foundations  were   laid  by  Ashur,  iho 
of  an  antediluvian,  is  a  n^markable  well,  which  supplies  the   peasants 
the  vicinity  with  wutiT,  nnd    wl»o  attribute  to  it  many   nrtups,"     Capl 
Rich  namud  it  TUu/h'h  Well.     The  immediate  succo^Aora  of  that  Phar*o| 
whopnirfimzeit  Joseph  erenied  Matiiins  to  command  lht>  wells,  (which  wrr 
previously  in  ii»c,  ojid  [tnibably  liail  l>een  fqr  agea,)  at  M'nilrf  Jiuoiti.  uti 
liiese  «utrir  vr*-lU  still  siipi>ly  tlie  pi^rt  of  Pbilotcras  or  .£nDum,  oo  the  " 
fiea,  with  wuUT,  as  thev  did  four  iliousand  years  ogo.* 

The  building  of  stauons  to  protect  wells  was  common  in  anci' 
on  accotiiii  of  robbers  laying  in  wait  near  them.     There  is  an  ;ii' 
this  in  Judgrn,  "They  nro  delivered  from  the  twtsc  of  archer*  in  the 
of  drawing  ivatcr."     Ohap.  v,  11,     It  wu  at  the  public  fuutilains  iL'l 
Pelasgi  attaclcet^  the  Athenian  women.     Near  th»  nitni  of  on    Kifyptiai 
Temple  »\  Wsdy  El  Mecnh,  is  an  enclosure,  in  the  renltti  of  which  is 
well.     "All  round  the  well  there  is  a  platform  or  gnlln-y  raised   ax  fo 
on  which  a  guard  of  soMtcrs  might  walk  all  rouna.     In  the  upper 
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of  Ae  w»U  aivholo*  for  digchnrptig  utowk."  Fotbroiiai'  Far.  Top.  3SS. 
Tb»  cuXom  of  guarding  the  roudm,  PRpitriftlly  in  the  vicii^y  of  tanks  imd 
,«relU,  19  siill  comiDOD.  Frver  in  his  Travels  in  India,  nouced  it  '*  We 
>tuki)  thi^m  ID  arnu,  imk  sunrring  their  wonicR  to  stir  out  uf  the  town  un- 
Iguarelwl.  to  fcicli  wau-r."  Pa^  126,  222.  tn  Shaw's  TravelainMa 
Ibiiiift,  he  Doticnl  ■  In-uutlful  rill  of  water,  which  flowed  into  a  basin 
L'Ruraui  warkmumliip,  nsLmcJ  '  S^ruft  iix  Kruh,^  i.  e.  "drink  and  be  off' 
oil  accdual  of  the  daiif^^r  of  mcptin^  asMsaim  in  lU  rlciiuty.  Saitdy* 
•  peitks  of  llie  "  wella  of  fear."      Travels,  p.  HO. 

In  aneieoC  Greece,  welift  wttc  very   numerous.     The  inhabttaou  of 
Auio  wer«  »ti|iplied  with   wnter  principally  from  thcni.     Vitnivius  r»« 
Ittuks,  tiukt  the  uUier  Water  which  tLcy  bad,  was  of  bad  quality.     B.  viii, 
3.     Plutarch  has  preserved  «oniv  of  the   law*  of  SoloD  rcsjoccling 
rolI»-     By  these  it  wa*  enacted   that  all  persorui   who  lived  withm  lour 
Lforlong*  of  t public  well,  had  lil>crty  to  use  it;  but  when  the  dislance  waa 
pr,  lh«y  wpw)  to   dig  one  fcr  themselves;  and  they   wet«  retjuir- 
ID  dig  at  least  six  feet  from  tlieir  neighbor's  ground.     Lile  of  Solon. 
Lecfifding  to  Pliny,  Diii>iiU!i  sunk  Uie  first  wells  in  Greece.     NaL  Ilia. 
[Tii.  SC-     Pl'ttarch,  in  Itis  life  of  Cimon,  says  the  Athunians  taught  the  rest 
~tl;-  "  lu  sow  bread  corn,  to  avail  ihemselvea  <jf  die  use  of  wells, 

'  iicBt  of  fiiti  "     From  ihe  connection  in  which  wells  art-  here 
itiuti«ij,  It  IS  evident,  that   in  tlie  opinion   of  the  ancient   Greeks,  chej 
LWem  aiQOiig  tlM  first  of  man's  inventions ;  and  hence  the  anlltjuity  of  de* 
FvicB»  to  raise  wstor  from  them.     In  t}ie  myihologtc  ages.  Uie  labor  of  raia- 
~tn^  water  out  of  duep  wells  was  imiiosed  as  a  punishment  on  the  daugh- 
ters of  Dooaua,  for  llie  murder  of  iheir  husbands.     The  daughters  of  Phao- 
doo  (who  wiu  put  to  death  by  llie  thirty  UTanis)  tjjiew  tliemselves  Into  a 
Fwell.   preferring  deadi  to  diahonor.      The  body  of  Chrysippui,  sun  of 
Pelops,  waa  disposed  of  in  the  name  wav.  after  being  murdered  by  hia 
brcttbera,  nr  hi/  Kep-moiher.     When  I>anu3  sent  two  beralda  to  dooianil 
water  uf  die  Aihcmanx.  (tlie  giving  of  wliich   was  an  acknow- 
cfT  subjtsction,)  tlitiy  threw  one  of  them  tuio  a  ditch,  and  tho 
u;loa  WKLi.,  letling  them  in  mOL-keiy  to  take   what  they  came  for, 
rh.     And  IlcriNloturi  informs  ua,  iliat  tlie  Lacedemonians  tmatcd  the 
si^dnrs,  who  were  sent  to  them  on  tlie  same  crracd,  in  pre- 

W.  .1  ■  miuincr.     Henxl.  b.  viii.  133.     These  brutal  acta  lea  to 

Ae  inv&ditin  ol*  Greece  by  Xerxes. 

Shortly  niter  Alexander's  death,  Perdiccaa  and  Roxann  murdered  Stotira 

and  brr»i4ier5,  and  hod  ihfir  bodies   ihmwn  into  a  well.     Hence,  wclU 

were  prolmbly  common  in  Babylon  a.-twtf]|  nd  in  Nineveh;  for  this  waa 

most  bl^flv  'I  I'livate  one;   a  public  one  would  stnrcely  have  been  select- 

...1   -,.  l-.n>  ciiucc^lmctit  wa«  rwiuircd.     Sir  II.  K.  Porter,  in  his  Travels  in 

Pnrsia,  .\rmGnia,  and  ancient  Babylnii,  Vol.  i.  696,  speaks  of  the 

'-■1  fmcient.  and   "  amaxiiig  deep  well."  near  Shiraz.     Remains 

lid  Conhiigctiian  wells  ore  stilt  to  be  seen.     Near  the  ancient 

yii.'fi.i,  ]  j.Mj.i  Celln  di«ciivercj  "wells  of  great  depth,  aome  of  which  still 

afford  iTiM*l  e^eellflnl  water.""     At  Arar,  are  others,  some  of  which  are 

vxi-  ■'    rncka  of  sandstone.     At  Anttsw.'thc  ancient  iirjwnaria, 

Dr  'i  'I  number  of  wrll:*,  "which  fn«n  (ho   masonry  appear 

''     The  relf'braH-d   fountain  of  the  sun  of  tb«  an- 

<:0  of  .Inpiiet   .Ammon,  according   to    Belxoni,  ia 

•   WU4.   aixty   feet  deep,    and    eight    feet   S4]uarc.       (ui   this   case  and 
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iiwnerouf  others,  die  lerra*  "  weD"  uid  "  fouDtain,"  are  ■^-DODyinai 
"  T)i<*  fii)Icu'iii^  itt  nmong  the  firX  obs^rxaUons  of  Sir  Williaju  Gell 
aJler  liuidiiis  oti  die  Troail ;  "  wo  past  niviy  ^elli'  on  Ute  ruad, 
proof  that  Uie  cuuiitr^'  wa«  ouce  more  LKipuliiiu  than  al  ()re>«nt.'  Tl 
inhabitants  of  lUinra,  the  birth  nlave  ut  Ulyasc-s  aud  Teleinachui,  uiC 
the  iiccue  uf  sotiit;  of  llic  urtuai»l  events  recorded  iu  thu  iHicirv  of 
Homer,  dtiU  draw  their  supplies  ttl  water,  aa  in  foniwr  tiroes,  from  weUn.* 
And  OS  in  other  places,  n  tower  was  auciuntly  creotcd  to  guard  one  of 
diu»-.>  wclU,  and  protect  tlie  tttbabiuiuts  wliilc  drawing  water  from  tu* 

The  ancient  bgypttous  irriguted   the  burders  of  the  devert  above  thi 
reach  of  the  inundatiotts  uf  the  Nile, /rom  wells,  which  they  dog  for  tha^ 
puqiose.*'     The  Chinese  also  use  wells  to  wat«r  their  land. 

As  it  regards  the  antiquity  and  importance  of  wells,  it  has  been  observod 
that  the  uarliust  account  on  record  ot  the  pwcJuue  of  land,  23  Gtm.  iraa_ 
subsequent  u>  tliai  of  u  well,  Greo.  xxi,  30. 

Roman  M'ells  are  found  in  every  country  which  lliat  people  coi»iuen<( 
Thoir  armies  hod  constant  reeouri*  to  them,  when  other  sourcos  oi  wati 
fiuted,  or  wcr*'  cut  off  by  their  enemies.  Puulu^  Emiliux,  Pompcy,  atid  Ci 
sar,  o(u"n  preserved  their  fro*msfromde.'Hructionbv  hnvingrPcourBctoihci: 
This  wa.'<  strikingly  iUustnttott  by  CtPtuu*  when  bemeged  in  Alexnndrtn;  \1 
wal^r  in  the  cinii-ms  having  been  spoiled  by  tlie  K^'puons.  It  was  Poii]:J 
pey's  superior  knowledge  m  thus  obtaiuing  water,  which  enabled  him  to 
overthrow  Michndates,  by  reiainin)^  poswasion  of  an  uaporiant  pos^ 
which  t)ic  Itriur  uKandoned  for  want  uf  water.  Thus  the  destinies  of 
these  mamtnycrb  nnd  their  armies,  frequently  depended  on  the  walla 
which  they  made. 

Thci-ity  ofRome,  previom  to  the  time  oTApplus  Claudius  Oncui,  who 
first  eonv<>y<*<i  water  to  it  bynn  oqiipducl.  A.  U.  C.  "Ill,  was  supplied  chioHj 
fmm  founrains  and  wells,  several  of  which  are  preserved  to  Uiu  day.     {i 
Chiirtrp*  in  Fninoe.  a  Roman  well  is  Blill  known  a*  the  '  Saints'  WeD,' 
account  'if  nmriyrs  dro«-ned  iu  it  by  llie  Homansi.) 

Tn  n'liiring  the  wolU  of  ani-.ienc  Italy,  we  may  refer  to  a  rirrumstaii 
which  although  trivial  in  it.self,  led  tn  ilie  mo5t  sumrising  discovery  thi 
had  ever  taken  place  on  this  globe,  and  one  whieti  in  the  interest  it  ~ 
excited  is  unexampled.  In  theearly  p«nof  the  aigfatecotfacentury,  171! 
tin  Italian  peaiant  while  dif^^ing  a  wci.l  near  his  cottage,  found 
fragmenW  of  colored  marble.  These  attracting  attention,  led  to  further  ej 
oavaiinn.  when  a  statue  of  Hercules  was  disinterred,  atul  shortlv  afVci 
wards  a  ntutilat<Nl  nne  of  Cleopatra.  These  sftecimetts  cif  niK-ii*ot  art, 
werp  found  at  ■  convideraliUr  depth  below  the  surfeioe,  and  id  a  pisoe 
which  Htib«e(pit'nlly  pr<(ve<1  to  \»  a  tnmple  situated  in  the  i:i;n(re  of  the 
annrnt  city  of  Hcnuliineum !  Tlii.*  city  M'a*  overwhelmrv)  with  nshoa 
and   Inva,   during    aji   eruption  of  Vesuvius,  A.  D.  79,  bun  r- iq 

which  thr  i-ldur  Pliiiy  jWfrnliiftl,  who  was  xulToi^ted  with   ii<  .   va-i 

prtr«,  tike  \,nX'*  wife  iii  ii  vimilflr  calaiuity.  ItercoUnoiim  liipn-liirr 
iii*4rn  buried  1(j30  yi;ars !  and  while  every  memorial)  of  it  wu«  hi)>t, 
even  the  mil-  unknown,  it  was  thus  suildenly,  by  a  reAurrecttim  tiiei 
unf>»rall<-lf'(l  iu  the  nimaU  of  the  world,  bmu^lil  again  to  liffht ;  an< 
strerts,  temple*,  houses,  RUtucii,  ]iaintinfr»,  jewellei;y,  profewioual  tmpU 
menti<,  ktlrhun  uti.'i»il»,Hnd  oilier  articles  oonnocted  with  auaent  domostii 
life,  went  to  be  seen  arranged,  as  wheu  their  o^VDe^l  wen  actively 
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iag  omoDg  tliem.    Kven  the  ikeleuins  of  flone  of  Urn  inbabiuuiu  wm 

'  ~>and  i  oDo.  ttear  tho  thrvafaoltl  of  hi*  door,  with  a  bag*  of  money  in  hit 
Lfui.  and  apptir«ittly  in  ihc  uct  of  Mcapins;. 

Tlie  lif^lii  wkiuli  Luis  imponant  duoovury  rc^cctud  u|)on  numerous  huI 
joct5  connccied  with  the  andenta.  has  grcatlv  eclipsed  tdl  prcvions  so 
c<>s  of  iiifurmntioa ;  and  t%»  rsgards  some  ol  tlic  aru  of  the  Riimans,  tli« 
iofonoAtiaD  llsiUAobtaiiwid,  mayiM;  cotttidcred  almost  oa  full  and  Mtiefsctorj-, 
aa  if  one  of  their  mochanics  Iiad  riftcii  from  tho  dead  and  describt-d  ihcm. 
Among  ibe  early  diuovurica  made  in  this  city  of  Hcruules,  (it  having 
b««t  tomded  by,  or  in  honor  of  hitn,  1250,  B.  C.)  not  ihe  loast  intar«>»tins 
Obc  of  it»  nublic  woiU ;  which  having  been  covL-rcd  by  an  arch  and 
rroaodcd  by  a  curb,  the  ashes  were  excluded.  Phil.  Trans,  xlvii, 
151.  I'his  well  was  found  in  a  high  state  of  prvscrvBtioii— it  still  coo- 
laioia  oxcvllcnt  water,  and  ia  in  the  some  condition  aa  when  tlie  lasl  fe- 
retired  from  it,  bearing  vaws  of  ita  water  to  their  dwellini^i,  and 
>rolKil>ly  on  the  evening  that  preceded  thecalamiLy.  which  drovu  ihom 
from  it  for  ever. 

Forty  years  after  tlie  diacovery  of  Uercalaneum.  another  city  ©re^ 

helmed  at  thv  same  time,  w<i«  "  deetined  lo  be  the  partner  of  its  distoter- 

•■■.1,  HI  <r pi]  HA  of  iu  burial."     This   was  Pompeii,   the  very  name  of 

I  been  nlmo^t  fon^'tten.     As  il  lay  at  a  greater  distance  from 

\ *  than  Horoulanpum,  the  stream  of  lava  never  reached  iu     It  waa 

gunied  by  shower*  of  ashes,  pumice  and  stonus,  which  fonnnl  a  bed  of 

>|e  drpth  frtim  twelve  to  iweniy  feet,  and  which  is  easily  ivmoved; 

.taa  thf  former  city    waa  entombed  in  aslie«  and  lava  to  the  depth  of 

lj«?wity  to  a  ituttured  fevt.     With  the  exception  of  i'  -  -forioB 

ij^^Mues,  which  wi?rc  villicr  consumed  by  red  hot  slon  from 

mo,  or  cnished  by  lh«   weight  of  the   matter  coUei;led  oa  their 

wo  l>»-hnlil  in  Pornpeii  a  flourishing  city  nearly  in  the  stale  in  which 

i   ci-nturics  ago !     The   bmldiugs  unaltered   by  newer 

■s*  undiiiimvd  by  the  leaden  touch  of  time  ;  household 

Irtt  ufasion  of  tise  ;    article*   oven  of  intriii»c  value 

Sandooed  iu  '  '  ,     'fcTOipv,  yet  safe  from  the  robber,   or  scattered 

3ut  aa  they  fell  irom  the  trembling  hnnd  which  could  notstoup  or  pause 

glbo  mcut  valuable  posscuiofu ;  aitd  in  some  instances  the  bones  of  the 

nta,  Ifcahog  aad  testimony  to  the  suddenness  and  compleienesii  of 

tnity  which  overwhelmed  them.   Pomt>eii,  i.  5.  Lib.  Entertaining 

rledge.     In  the  prison,  dkelctona  of  unfortunate  tnen  were  discov- 

I,  their  leg  bonca  being  enclosed  in  shackles,  and  are  so  preserved  in 

iie  mtucum  at  Portiei. 

I  noticed,  says  M.  Slmond,  a  strikinr  memorial  of  tliis  mighty  eruptiort, 

in  the  Fonna  opposite  tu  the  temple  of  .lupiUTt  a  new  altar  of  white 

'lie  exqtiii<itely  beautifiii,  and  apparently  jiiit  otii  of  the  hands  of  the 

Jptor.  hail  boen  erected  there;  on  enclosure  wa-i  building  all   around; 

mortar  jiiat  daahed  against  the  side  of  the  wall,  waa  hut  half  spread 

itnt ;  ytm  saw  the  lon^  sliding  stroke  of  the  trowel  about  to  return  and 

'  liiivate  iu  own  tr»ick — hut  it  never  did  return;  the  hand  of  the  work- 

.  wad  9uddt;n]y  arrested  ;  and,  after  the  lapse  of  1800  years,  tlie  whole 

BO  fresh,  thut  you  would  almost  swear  tlie  mason  was  only  gone  to 

^^nner,    anl  alwiit  to   come   back  immedifttely  to  finish  nin  work ! 

scarcely  conceive  it  possible  for  &n  event  connected  with  the  arts 

laer  a^ns.  ever  to  happtm  in  future  times,  equal  in  biierert  to  the  ro- 

tion  of  those  Koman  towns,  unless  it  be  the  reappearettce  oF  the 

Jcian  rici'es  of  the  plain. 

From  thi-  fuL.;!;iy  of  removing  the  roatcrials  al  Pompni,  much  greater 
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BdvanctM  have  bceo  midc  in  uncovering  the  builtlingf  uul  clearing  die 
Btrceu,  ihan  %vill  probablv  ever  \*o  sPcnmpltBhRd  in  H rrruln ncmm.  A» 
might  have  bceo  wxpt'ciud,  »cveral  tPrliM  have  bti-n  founil,  besLiipa  rxti»- 
vatar  eUUnu  and  Ji/unfauu  in  great  uumberR.  Tbi>  latter  were  &a  cam- 
mnn,  dial  sc&rccly  b  5irr>el  has  H>eTi  fininil  wiUiouI  one  ;  nnd  every  hoc 
was  provided  wilh  one  or  nmi-e  of  the  former. 

During  ihc  oxcnVBtion»  Immediately  previous  to  the  pnblicotirm  of  I 
Wra.Oell'a  aplemlid  work,  *  Piimpeianft,"  in  183S,  s  very   fine   well   WM 
di<)rj>vei-eJ  npsr  the  gate  of  th«  Pamlteon,  1 IG  I'eet  in  d^^xh  luid  contui 
ing  IS  fpet  of  water!" 

That  wpIU  •wp.rf.  numerous  in  Asia  and  rito  eodi  generally,  we 
rpodiiy  believe,  when  we  learn  that  Mme  of  the  moM  fertile  dU 
could  neither  be  rulrivnted  nor  inhabited  without  them.     Not  lc«»  than 
fifty  thoa-'«and  wpII*  were  coimted  in  wwdiMrict  of  Hindo«tan,  when  taken 
poneuion  of  by  the  British:  Apveral  of  whii'h  are  of  very  high  oniii^uitl 
In  China,  wells  are  numerous,  and  often  of  large  dimeusioiu,  and  «▼< 
lined  with  marble.     In  Pekin  ihey  are  very  common,  Home  of  th*>  6eep 
wells  of  the  world  an;  in  lhi»  country-,     M.  Araeo,  (in  his  En«ay  on  At 
i>ian  Wells,)  obsurvps  that  ihc  Chiiipse  have  sunk  them  lo  the  enormvtl 
depth  of  eighteen  hundred  f«ct !    "  Dig  a  well  before  you  are  thirsty,' 
one  of  their  ancient  proverb*.     The  acarcitj'  of  water  over  all  Pema  ' 
been  noticed  by  every  traveler  in  that  country.     In  genwral  the  ink 
tsnta  depend  entirely  on  wells,  the  water  of  which  ia  conunooly 
Fryer,  xxxv,  67. 

To  provide  u-ater  for  the  thirsty  has  alwaya  been  esteemed  in  the 
one  oftlie  mom  excellent  of  moral  dutieii,  hence  Ijenevolenl  princes  and  ric 
men,  have,  from  the  remotest  affes,  cun^ovrnied  u  portion  of  thetr  weall 
to  the  construction  of  wells,  tanks,  fuunuun^,  Ate.  for  public  use.  It  ia 
corded  03  one  of  die  glories  of  Uaxiah's  reign,  that  he  "dig^d  mn 
WL'IU."  Over  all  Persia,  there  ore  numeroiui  ciMenii  built  for  public  us 
by  the  rich.  Fryer.  225.  "Anotlier  work,  of  ehuriiy  lunoiit;  ihviiindood 
observes  Mr.  Ward.  '*  is  the  di^giti^  of  pdol*.  to  nuitply  the  Uiirsiy  traveli 
with  water.  Tin-  cutting  of  tlicnu,  iirnl  building  ihglm  of  irteps,  in  order 
descend  into  ihcin,  is  in  rouiiy  eases  very  uxptitisive;  4,000  rapee»,(&.C 
dulkm,)  arc  frequently  fxpondbd  on  one."  Al  liie  uert;iuoiiy  of  aetting 
apart  fur  piihlic  u>u,  u  Brahmin,  in  the  namu  of  the  doiiur,  exelaimi,  "I 
ulTer  thU  jMnd  of  water  to  (juench  tJ>e  thirst  of  mankind,"  after  which 
owner  ctuinot  nppmpriati;  it  to  liiit  own  tiM>.     IliHl.  iriiidou>,  37 1. 

Fcrosc,  one  of  the  troiiarchs  nf  India,  in  the  fourU-*nth  cvnlury, ' 
RIW  sluices"   {to  irripitc   the  land,}   and  "  otie  hundred  ami  fiAy  tvelb.1 
One  of  the  o.bjccls,  which  the  fakirs,  or  mendicant  philosopher*  of  Indil 
have  freqnenlly  in  \*icw,  in  collecting  alms,  is  In  '  dig  a  well,'  and  thercl 
atone  lor  some   particular  !nn.     Other  devott^es   alnnd  in  the  roadi 
voasels  of  water,  and  give  drink  to  thirsty  trsivelrra  from  iJic  wuni; 
Among  the  impposed  causes  of  Job's  omiction,  adduced  by  Kliphav, 
"thou  liast  not  given  water  lo  the  weary  to  drink,"  xxii.  7:  a  nr"'   fir 
rible  acciualion  in  inch  a  country  us  S}~rin,  and  one  which  tlin; 
man   denied  Mrith  the  awfiil  imprecation,  "then  let  mine  arm  (all 
■hitolder  hlath;,  and  mine  arm  he  broken  from  the  lione."  xxxi,  22 

"  The  inn  wot  jolting,"  aays  Mr.  Emerson,  "as  we  detcendrJ  the  la 
chain,  and  widt  the  depuriuro  of  daylight,  our  tortures  c»m:;ii;iired.  n>  I 
WHS  too  dark  to  see  any  of  tlie  fountains  charitably  i;reetcd  by  chit  Tur 
near  the  road.*'^    Largo  legacies  arc  aomeiimes  \afi  by  piou«  1  urks  for  I 


■  ronifeiaoB.  Prcftn.      ■  Leiicn  btta  Ibt  Ec«kD,  Let.  6, 
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viveiUMi  of  (buntUM,  wbo  bcltore  ibey  can  do  tM  act  rnoro  aec4>pUibl«  to 
Gorl.*  Till*  mode  of  cxpcoilinc  their  wealth,  u  liio  Munc  time  that  tt 
conforeJ  rca]  am!  luflting  h*  nchts  on  the  public,  was  llw  «iK«t  way  of 
trmfamhltiig  lu  poMcrliv  Uic  namoa  of  the  donors.  The  pooln  of  Solomon, 
might  have  prcBtfrvcd  nis  name  from  oblivion  had  nothing  else  rcepecting- 
him  hecn  known.  These  noble  structurea,  in  a  liuid  where  every  other  worli 
i>f  aft  ha»  been  hurrictl  to  dcslructian,  remain  almoM  aa  peHeet  sa  when 
they  were  coitetructctl,  and  Jeniaolem  ia  alill  supplied  with  water  from 
them,  by  au  earthen  pipe-  about  ten  indiea  in  diameter.  "  These  rewir- 
vfnra  are  really  worthy  of  Solomon ;  I  had  formed  no  caoccplion  of  their 
ma^ifioence ;  they  are  three  id  number,  iJie  smallest  betwe>en  four,  and 
(iro  hundred  feel  in  length."  The  waters  are  discharged  from  one  into 
icr,  and  conveyed  from  the  lowesL  to  the  city,  "  I  descended  into 
third  aitd  Urge«t ;  it  is  lined  M-itli  plaistcr  like  the  Indian  chonan,  and 
^ng  temoes  run  all  round  it,"  Lindsay's  Tra-v.  Let.  9. 
Accordiiii^  to  the  moral  doctrines  of  the  Chinese,  "to  repair  a  ttmi, 
m-  '.:e,  or  dig  a  well,"  will  atone  for   many   sins.     Damns'  China, 

ii,  "  Handoo((,  says  Sonnerut,  believe  itie  discing  of  tanks  on  lh« 

highways,  renders  ihe  gods  propitious  to  them;  ana  he  adds,  "  Is  not  this 
the  Wst  ptaaiter  of  honoring  Uie  deity,  aa  it  eoniributea  to  the  natural 
good  of  bis  creatures  f"  Vol,  i,  94. 


ftt;rrKRiK(M  or  travklkkm  rRo»  tbimtt. 

Thf  Rxtrrme  nufTrnni^*  whirli  nriontals  hare  lieen,  and  nro  still  colled  to 
endurr  fmm  the  wani  nf  wnirr,  havw  been  noticed  by  all  mr»dem  travelers, 
fram  Ruhrit]uei«  and  Marco  Panin,  to  Burckhardl  and  Niirbiihr.  Wellsin 
tOtne  rctttes,  arr  a  hundred  miles  apart,  and  are  sometimefl  found  empty; 
hir[*ce  tnivelers  hare  oflvn  been  obliged  to  slay  iheir  ramria  for  the  wa* 
ler  thea^  animals  retain  in  their  stomat'hs.  I^ro  Africnnv*  noliced  two 
marble  moiiumetits   in  his  travels;   ii|Mm  one   nf  whicli  wim   an   epitaph, 

th. 

fu 

th 

rii 

•in,  ;■■ 
ba^. 


-.  manner  in  which   those   who  sii-pt  bpm-stli  them   had   mttt 

One  wan   a   rich  merchant,  ihe   oilier  a   waier  carrier,  who 

irmvaus  with    water    and    proviiion*.      (.hi    rcnchin^  lliix   spot, 

ilio  suii  and  (heir  t'litrMilfl  torttircd    bv  ihit    niunt   excruciating 

remained  but  a  tmuill  tguantity  of  wnUr  beiwcf  ii  them.     The 

liiMe  thinrt  noW  made  him  regard  hi*  gold  a^dirt,  purchiuied  a 

f  bt  for  Inn  tlioujuuid  ducats  ;   Imi   that    which    poNsibly  mieht 

livided  oe- 


•  11  •nlHciem  to  »ave  the  life  of  one  of  [item,  being  di 
rwpen  both,  served  only  to  prolong  their  suKeringit  for  a  moment,  and  they 
both  sunk  inu>  that  sre«p  from  which  there  is  do  waking  upon  earth. 
Live*  of  Travelers,  by  St,  John. 

Mr.  Brwe,  when  in  Abywinia,  obtained  water  fixim  the  stomachs  of 
ouneli,  which  his  companions  sluw  for  th&i  purpooe.  Sometimes  the 
mottths  and  tongues  of  travelers,  from  want  of  this  precious  lii^nid,  be- 
come  dry  and  nard  like  those  of  parrots;  but  these  are  not  the  only 
people  who  fuifer  from  thirst.  Dunng  the  lonij  continuance  of  a  drought 
which  prevailed  over  all  Judea  in  Anali's  reign,  every  class  of  people 
snHenMi.  X  ICings,  x*'ii  and  xviii.  And  such  droughts  are  not  oncom- 
non.  "  The  poor  and  needy  seek  water,  and  there  is  none,  and  their 
tor,  ■'-,  for  thirst,"  {Isa.  xli,  17,)  m  modem  rimes  as  when  the  pro- 

pii'  ^nd   not  the  poor  alone,  for  "  the  honorable  men  are  famish- 

ed," and,  u  well  u  die  multitude,  are  "dned  up  vriih  thirst."  Ua.  v,  13. 

"Com.  Poner^M  Leilsn  Trom  Cwutuilinople,  i.  101. 
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Mechanics  in  cidea  were  not  exempL  "  The  smith  with  the  tongs,  both 
worksth  in  the  coals  and  fashioneth  it  with  hammers,  and  worketh  it  with 
the  strength  of  his  arms,  is  hungry  and  his  strength  faileth,  he  drinks  no 
water  aitd  itjiunt."     Isa.  xliv,  12. 

Dr.  Ryen,  who  lived  in  the  city  of  Gombroon,  on  the  Persian  Gulf, 
when  describing  the  heat  of  the  climate  and  the  deficiency  and  bad  quality 
of  the  water,  o&erves  that  the  heat  made  "  the  mountains  gape,  the  roclu 
cleft  in  sunder,  the  waters  stagnate,  to  which  the  birds  with  hanging 
wings  repair  to  quench  their  thirst ;  for  want  of  which  the  herds  do  low, 
the  camels  cry,  Oie  barren  earth  opens  wide  for  drink ;  and  all  things  ap- 
pear calamitous  for  want  of  kindly  moisture  :  in  lieu  of  which  hot  blasts 
of  wind  and  showers  of  sand  infest  the  purer  air,  and  drive  not  only  ub, 
but  birds  and  beasts  to  seek  remote  dwellings,  or  else  to  perish  here ;"  and 
after  removing  to  a  village  some  miles  distant,  "  for  the  sake  of  water," 
by  a  metaphor,  that  will  appear  to  some  persons  as  bordering  on  blas- 
phemy, he  says,  "  it  was  as  welcome  to  our  parched  throats,  as  a  drop  of 
that  cool  liquid,  to  the  importunate  Dives."  Fryer,  p.  418.  Under  similar 
circumstances,  the  Hindoos,  night  and  day  run  through  the  streets,  carry- 
ing boards  with  earth  on  their  heads,  and  loudly  repeating  after  the  Bran- 
mins,  a  prayer,  signifying  "God  give  us  water."  Even  in  Greece  and 
Rome,  where  water  was  in  comparative  abundance,  agncultural  laborer* 
considered  the  Frog  an  object  of  envy,  inasmuch  as  it  had  always 
enough  to  drink  in  the  most  sultry  weather.  Lard.  Arts  Greeks  and  Rom. 
Vol.  li,  20.  The  ignorant  and  clamorous  Israelites,  enraged  with  thirst, 
abused  Moses,  and  were  ready  to  stone  him,  because  they  had  no  water. 

One  of  the  most  appalling  facts  that  is  recorded  of  suaering  from  thirst 
occurred  in  1805.  A  caravan  proceeding  from  Timboctoo  to  Talifet,  was 
disappointed  in  not  finding  water  at  the  usual  watering  places ;  whea, 
horrible  to  relate,  all  the  persons  belonging  to  it,  two  thousand  in  number, 
besides  eighteen  hundred  camels,  perished  by  thirst/  Occurrences  like 
this,  account  for  the  vast  quantities  of  human  and  other  bones,  which  are 
found  heaped  together  in  various  parts  of  the  desert.  Wonders  of  the 
World,  p.  246.  While  the  crusaders  besieged  Jerusalem,  great  numbers 
perished  of  thirst,  for  the  Turks  hod  filled  the  wells  in  the  vicinity.  Me- 
morials of  their  sufierings  may  yet  be  found  in  the  heraldic  bearings  of  their 
descendants.  The  charge  of  a  foraging  party  '  for  water,'  we  are  told, "  w^« 
an  office  of  distinction  ;"  hence,  some  of  the  commanders  on  these  occa- 
sions, subsequently  adopted  water  buckets  in  their  coats  of  arms,  as  em- 
blems of  their  labors  in  PaJestine.  'Water  Bougettes,'  formed  part  of 
the  arms  of  Sir  Humphrey  Bouchier,  whe  was  slain  at  the  battle  of  Bar- 
net,  in  1471.     Moules'  Ant.  of  Westminster  Abbey. 
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CHAPTER    V. 

ta*ij«t«9fWw.Mioi«tiiw*-W-)U»i>nfci|r|iwl-m»wGMH«Hi  »*«■<  w«im 8«mw»-«»I|h  tm- 
%im  MVi^lir— TmiiUim  lit  lUt  lt»yUBh-Ail»n  vraiBJ  mat  Ihmm—imtiAmV-C iwimi  aim  with  rtfMri  IP 
•«M*l■C4r|lI,0r«M^  Pm«,  M*ti>a,R<>aB,4Bd  JMn—Ttmftm  vrwoKa  ■*•(  w«U»~Tb«  (owuala 
»r  Ap«flii-  ■  W»H  Ztm  'li-M-  -Pn.|.h«i  JjeU-Tempta  *J  Uw-IUfcrnniB-ilMt  ll>aijnM~lltiidM  H»i»t«» 
— Wsdas')  *«U— Wvlb  >n  Chisn*  unpUw—Pliaj—i.'alia  -<i«iifc— Hwlvn  ••p«miUvM  Htik  n«w4 
■•«al**BMl  velU — niadMi*~Alo»BBi — Hismcb-'-amk* — Tn*b  tif  i*uJ>  mu  ■  BlU-4<(y«itk 
ibM  rf  Ik«  P«Maat~An|lA  R*i<wa  .-lllB*>ai_4)ea»ck— F.a(tli*--at.  ()*»tt>*ir-s<>all-Jtt.  Wtal- 
tWS  **(■— "•■■B uJ  "B  '«raf«M4.' 

lu  the  c«r!y  ages  ««/«■  u-as  reverenced  as  the  iobstanee  of  whicli  all 
tkiiigf  in  the  univprse  were  suppospd  to  be  made,  and  ihe  virifyuqi  prin- 
ciple Uiit  animated  the  ^v')lol?;  hence,  rireni,  foiintiirna,  nnd  wellit,  weitl 
wur^iltpped  iind  religious  fenatA  and  ceremonies  instiliiied  in  honor  i>r 
llicti].  or  of  tlie  spiriui  which  were  believed  to  preside  over  iJiem.  Al- 
BMHt  kit  nntions  nrtmn  r«lirB  of  this  tnipcrstition,  while  in  some  it  is  practi- 
sed lu  II  latnwntabUi  oxtcnl.  Aei*  oxhihtt«  the  hnmiliating  spectacle  of 
niltioDs  n(  hfr  penple  ilegmdod  \ty  it,  tn)  in  furmtrr  ngos.  ShdaJs  of  pU- 
grim*  Arc  rmifttantiy  in  mntitin  over  all  Hindotftun, 'in  iJiutr  wn^  to  the 
'■■crcd  U<tn^«  :*  tJteir  rnicka  stained  wilh  thu  hlootf  nml  (x>v<;ml  witli 
dio  bofMW  »f  thnuannd»  innt  jicrish  on  llie  ruftd.  Wttli  tlmM!  ptWpte,  it  is 
tfrened  ■  virtun  cveo  \o  Ihink  of  tbic  nv«r ;  whil»  tu  bulho  in  ttd  waters 
wiubes  away  all  lin,  wid  to  cxpim  on  im  brink,  ur  b«   siifluckted  in  il,  is 

rcUmax  «  baimn  rolicity.  Th«  holy  well  in  the  city  of  Bviiares  is 
id  br  (luvoLetM  from  ull  p»rt»  of  Indiii;   to  it  they  (iflVr  rice,  Jkc.  w  to 

ir  idou. 

From  tbia  swrod  cbamcter  of  wat^r,  il  very  e*iAy  hecamit  ^  custonl,  in 

IfT  111  niodirr  nbligalicmit  inviiilnliltt,  to   tiik«  Oftthit,  conrludr   trtfatiM, 

ihe  tMrgftiiw,  icc.  al  wcUt.      We  lejtrn  llmt  when  Jacob  wm  on  his  w»y 

In  Kgypt,  hr  cnmti  lu  tJie  "  well  of  iJie  oaih,"  and  oiTered  a>acnbcex  to  Clort. 
JiHcpniM,  Am.  u,  7.  At  die  aunie  well,  hif  grandlBllier  Abi-«>iara  conelu- 
ded  a  tTv*Ly  with  Abiintdircli,  'm  hich  waa  accompanied  M'itli  ceremoaiei 
«i>d  noihs.  tK'n.  xxi.  Al  tli«  cei«brated  PtUwl  hihtmu,  at  Home,  oaths 
wwn  publicly  aduiiuixtcred  evoCT  moming;  «  representaiion  of  this  well 
b  on  the  riTVLTi^  of  a  intfUal  of  Libo.  E>ncyc.  Ant.  ii'i.  It  was  believed 
UmI  the  "uadu  of  the  Irods"  was  also  by  water.  Univer.  His.  Vol.  iv, 
17.  The  Kiibbtni  have  n  iradiiion  Hiai  their  kings  were  always  anoint- 
ed by  the  *tJ<^  of  a  founiain.  Solomon  wu  carried  Vnr  order  oi  David  in 
ihc  *fuuiKain  of  (titton,'  «id  there  proclaimed  k'lg-     >f'«<>ph.  Ant.  vii,  14. 

TIm  accitfnt  CMthite«,says  Mr.  Br^-ani,  and  chpPersiiins  aller  them,  had 
4  l^nstt  vroerMJon  lor  fountuina  and  slreatmi.  AlTani*  were  erected  in 
th*  vtcuitty  of  walls  and  EbuniainA,  and  rehgious  cemmonte^  performed 
tround  tliuin.     Tbu^  Ulysses: 


Bmiile  a  IbuM&in'ft  wcred  bruik,  wh  raiasd 
Our  vctJajii  altuv.  and  the  vletiim blazed. 


ttiad  ii.  36)), 


fr  D  spnng  rises,  or  a  rivwr  flows,"  says  Seneua,  "  ther«  wo 
1  altars  and  ofTsr  Earnfioes,"  and  a  thousand  ynan  Wfiwv  Se- 

,  ibe  author  rf  the  68th  Psalm  spoke  of  womhipping  (irxl  from 
.»ms  of  Israel."  The  Syracosans  held  gr^al  fealivals  every 
b 
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year  at  ibe  fdrnimios  of  Arcthuw.  uxi  they  Mieri£ce<]  bl&ck  bullii  to  V\x 
at  the  fountain  of  Cyanp.     Wt-!U  were  rametimei  tltNlirat^'J  to  T)«niru| 
deities.  a«  tlio  oracular  fouiiUin   mentioned  bv  Pnuamiui,   near  Vio.  ar^a 
Pkfra,  wliicli  atill  re-mains  nenrly  as  he  dcscnbcd  it ;  and  tmvtne  been 
dedicated  to  a  chrisliaii  sainl.  "  U  still  a  sacred  trci.i.."     iJivmiUion 
water,  WBJ  practised  at  tbis  well.    A*  mirror  wai  ituxpended  by  a  ibr 
having   its  palislicd  surface  upwards,  and   while  floating  on  tlig 
presages  were  drawn  from  the  ima^s  reflected. 

Polynices,  in  {Kdijius  C'aloneus,  swears  "by  our  native   fountains  a^H 
our  kindred  goda."     AnUgotie,  when  about  to  oe  sacnfice«],  oppifiils  tg  i|H 
"  fountains  of  Direv,  and  the  grove  of  TIiebK."     Ajax   lietorc  he  »lew 
himself,  called  on  the  sun,   the  soil  of  Salamui,  and   "ytr  fiiuntains   and 
riven  hero."     TiBg.  of  Sophocles  lit   tniiui.   1S37. 

"  At  Pcnew'  fannt  Ari'lmw  Mnod  and  bowrd  with  wae, 

BrcaUtBd  hb  deep  miinniird  to  Km  riympti  b«lAw  :        Otargka  L.  iv.  KS. 

C)TaBe;ihBa  wltOBillirjH-fair»piii^  if.tm" 

The  fotintHin  nf  Aponeu.i,  (now  Altuuio)  the  biith  plac«  of  Livy, 
■n  oracular  one.     That  of  Pimne  at  Corinth,  was  sacred  to  the  mu 
Eneait  invoked  "  living  founiaiTis"  among  other  "  Ethereal  CJods." 
old  Latinus 

"  8auKbl  the  vImJf*  rcDnwiMd  for  propliAcjr,  

Whirii  n«M  AlbuBflMi*  luIphqmuM  fotinuiit]  lie.''  Ca  vii,  1S4. 

Ctirero  says,  the  Roman  priests  and  augurs,  in  ihcir  prayerSi  called 
the  names  of  rivers,  brooks,  and  spnnga. 

Vpsscis  of  water  were  carried  by  the  Egyptian  priests  in  their  aacr 
processions,  to  denote  i)ic  threat  blessings  derived  from  it,  and  that  it  vti 
the  beginning  of  all  tilings,     \1truvius  suys  ihcy  were     accuaiomnj  iT 
plaoo  a  vaae  of  it  In   their  leniptes  with  gneal   devotion,  and  prostrating 
themselves  on  the  earth,  returned  ihaitks  to  the  divine  troodncss  for  ita  [ 
[ection.     Book,  viii,  l^i-ocm.     In  the  celebration  of  the  Elnuinian    myat 
lies,  lliose  mIiu  fnlcred  the  tcniptc,  washed  tltuir  hands  in  Itoly  wata^r,  aiij 
on  the  tiinth  and  liut  day  of  the    festival,  vessels  of  water  were  oE~ 
wilK  groai  cenmonies,  and  accompanied  with   mystical  eitpressionft 
Goda.     Tlioeo  who  were  initiated  werv  prohibited  from   ever   sTftil 
tlie  cover  of  a  well.     Sojourners  among  the  Greeks  carried  in  tho  reli( 
processions,  small  vessels  formed  in  the  shape  of  boats  ;  and  their        _ 
(crs    Katee   fmU  with  umbrellas.      Aob.  AoL    Grcec«.      Ptntarch  says, 
"Jiikva  were  not  eaten  of  old,  from  reverence  of  springs-" 

Atoons  the  ancient  Peruvians,  certain  Indians  wi-re  appointed  to 
fice  "to  iountains,  springs,  and  rivers."     Pur.  Pil.  1076.     Holy  wnier ' 
placed  near  t)i«  alurs  of  the  Mexicans.     Ibid,  987.     Ttaloc  was  llieir  Om 
oif  water;  on  fulfilling  parlicular  vows  they  bnthod  in   the  siicrud   jior 
Tezcapau,     The  water  of  the  fountain   Toxpalarl  wiis  dnink  only  at ' " 
mosi  solemn  feasts :  no  one  was  allowed  to  taste  it  nt  any  other  time.     CIr 
viE[i;ri).  Lon.  1786,  vol.  i,  2^1  and  265.     Tlio   Fnntinalin  o^  the   Romani 
V.TV  M'liinous  festivals,  held  in  tfctnlxT,  in  honor  i)f  the  Nymphs  uf  wel 
snd  fiiunlnins;  part  of  the  coremonitwi  conaitleil  in  rhrowing  nosegays  int 
fountains,  and  oecorating  the  curhs  of  welb  with  wrealbs  of  lloM-era, 

Tho  Jews  had  n  rwligious  festival  in  cuuuection  widi  water,  tJie  origiii 
of  which  i"  not  cleiirly  a.«:crtiiiiM-d-  It  was  keiil  on  the  last  day  of  thi 
feast  of  tabeniacles,  when  they  drww  water  wiUi  ifreal  cenmony  fror 
tl>e  pool  of  SiloaJi  and  conveyed  it  to  die  temple.*     It  is  supposc^l,  tha  " 
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vtor  bllud^s  to  iliis  pntrdc^.  when  <>\i  "  lite  liut  lUy,  ilini  ^t^ai  da^  nf  t}t» 

fmu,  htf  (aocul  atid  cnt'<:!,  mying,  if  rd;)*  muit  lliirst,  let  liini  fouic  unto  me, 

■d  drink.     He  tJtiu  b**lii;vrrl)  on  mc,  us  thv  ii?Hptiiro  hitih  siu(),  out  ofliU 

tUjf  ali&n  flow  rivpr*  of  living  w«i«r»."     John,  vii,  37.     One  of  the  five 

iti^tmi  fi'K'if  itls   of  ihi>   [wopit?  of  .Pegu,  19  *  Utf  fi'iut  of  water,'   durinft 

.w1iir}».  '  fK>»  kinff,  nrtbic*  imrl  n!)  ihe  pcoplp  throw  wailt  upoit  oiie  aiioUiPr.' 

-  '  .Tf  7.   Thr  siipemhrious  virncraUon  for  wells, 
-.mplf^  np.\r,  a»ii  i)om«.nitni'*  over  ihem;  u 
;    AjniUii,   utiM-    t)ifl   tfrmple  of  Jupitor  Antinnn;  llie  well 
V-  temple  of  Mfccfc,  &c.     In  Bcrorilnoco  with  lliU  pro-vailing 

/■ufToni,  wf  riii<l  ihf  prophet  Joel  apeakaof  a  lounmin  whieh  should  conic 
fortli  put  of  the  haune  of'  tAr  Lord,  and  water  the  vnllrty.  iii,  18.  And 
wlwfii  Jembotim  Imilt  a  temple,  that  the  ten  tribes  niipht  not  he  obliged  lo 
to  Jenmlem  to  worship,  and  there  bo  seduced  from  him,  Joaepbus 
'  as,  thnl  be  huill  it  by  the  fuuntuna  of  the  lenser  Jordon*.  Aiitit).  Tiij, 
'eap.  R.  la  the  icmple  of  Isis,  at  Fompmi,  the  'sacred  well'  hu  been 
fimiid.   Pompeii,  i,  S77,  a79. 

The  antieui  custom  of  encloaiBjr  wells  in  reliipoita  ed!fiee»  wi»s  adopted 
tnr  boib  Chrviliatis  uiid  Moliomniediuu.  Amon^  ibe  hitter  it  in  still  nut- 
tioued,  Bud  it  19  not  ulto^tlier  uluuidoned  by  the  former. 

"•  This  afternoon,"  Miyn  Fryer,  speiking  of  one  of  the  mosijucs  in  tivdia, 
"  ibeir  sawrfifw  »anflOTifm  waa  open,  die  priest  cnlering  in  Iwrofeoi,  aud 
pfijfttratini;  himself  on  one  of  the  mul«  spread  on  the  floor,  whither  I  muM 
but  bttvc  gone,  could  lu»  ftutbority  have  kept  me  out.  The  walls  were 
oclutcaud  elean  but  pUin,  onlj  th«  commandments  wrote  in  Arabic  nt  the 
wc^t  end,  wen^  hungovcra  table  in  an  arched  pl&ce,  where  the  priuM  ex< 
podud^,  on  an  aMent  of  seven  steps,  ruled  at  top  with  atom;  very  Iiaiid- 
•otuelj'.     ITnderoeath  ore  fine  cool  vaults,  and  stone  stairs  to  descend  to  a 

As  it  was  fomH'rly  dealb  to  «  chrisiian  who  entered  a  mosnuo,  wc  shall 
add  a  more  recent  insunco.  tn  183],  Mr.  St.  John  di^^nised  himself, 
Gk«  Burclthnnit,  in  the  costume  of  a  naave,  and  visited  T)ie  mos^ite*  of 
Cairo.  In  tliM  of  Snlton  HaSMin.  he  observes,  "  a-tcending  «  long  flight 
i'tf  step»,  and  pns^ng  under  a  mii^ifinent  dnorway,  we  entered  the  vesti- 
bule, and  proe«oded  towardi  the  mnat  xatrtA  poninn  of  the  edifice,  where, 
AD  scwppingnver  a  small  raiting,  it  was  nece<i<<ary  to  lake  otf  oiirhaboosheSf 
nr  red  TurK-'nh  shoes.  Here  we  beheld  a  apocioua  aquare  enurt,  paved 
WTtb  mirble  r-f  varioui  colors,  fancifully  amn(|fed,  with  a  bcauuful  oe- 

I  '''niit/aia  in  the  centre."  Egypt  and  Mohammed  All,  ii,  338. 
'.  ■■  Pt-r*ui.  TaTeni.  Trar.  Lon.  1G78.  29.  The  temples 
•  ■■  >'  iM-'rat,  have  a  dncred  tank,  dcific*!  by  the  Brahmins. 
'i  1 1  i  N  Etrc  sometimes  ihrow^n  '  into  a  lank  or  well.'  V'oy.  i, 
IJl,  I  -J  '■  i  limes,  churches  were  removed  from  other  buildings, 
aad  w.-^-  -rjtr-r  umlc-d  With  courts,  in  the  centre  of  which  there  were 
finintaiiis,  wlii^re  |ieople  washed  before  goJn?  to  prayers.  Morcri  IWc.  In 
ofu-  of  the  old  chtirches  at  Upsoli  is  an  ancient  well,  that  had  formerly 
brm  famous  '  for  its  miractilous  cures.'  Woden's  well  is  still  shown 
in  tlie  »ame  city.  It  was  in  tho  vicini^  of  the  old  teinplc  of  that  great 
oorthrm  deity.  De  la  Mortrayc's  Trav.  li,  863.  Van  Bream  t>oticcd  a 
V,    "           '.itf  of  the  large  temples  of  China.     Jonm.  ii,  224.     '  Sacred 

•J  ittenDonod  by  Jnvcnn].  3  Sat.  30.  Pliny  speaks  of  fountains 
atid  -iM-i-f  of  water  n  very  '  wbolesome  and  proper  lor  the  care  of  many 
dt!wav*  ;*  to  which,  he  says,  there  is  ascribed  some  divine  power,  iniin- 

II  ipve  names  to  sundry  gods  and  goddesses,  ncxi,  2.  Tho 
I                         1  lak^s,  rivers,  and  fountains,  into  which  they  tlirow  gold. 
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The  Britons  and  T'lcis  did  tbc  same.     Scot.  Gael,  358.     Mneny,  iu 
HutOTT  of  Fntnce.  when  ipeakin^  of  ibe  church  in  the  ihinl  add  fo 
ccntuntM,  remarlu.  '  Hitherto  very  few  of  the  Fmndi  luid  receii'ed 
light  of  tKe  go«pul  t  they  yet  adored  trBea.jhvnlaiiu,  nerpeiUB,  and  bir 
t,  4.     In  the  eighth  century,  die  council  of  ±HJiaeon«  condemned  a  horet 
who  built  omiorie^  and  set  up  cmsaes  near  fountains.  &«.   lb.  113. 

Ancient  9i)per»tiiions  with  regard  to  waipr  are  still  practised  niore  or 
less  ov<>r  ft  great  part  of  iho  world.  At  tho  first  new  moon  in  October, 
the  Hindoos  ttf)ld  n  irrcat  celebration  to  their  DHties.  "  Tho  naxt  ntooH, 
their  women  flock  to  the  sacred  tccflt."  Fryer,  110.  Many  of  the  cero- 
ntonteo  performed  in  old  titnos  by  women  in  honor  of  wolU  and  founlaina, 
are  yet  practised  in  some  of  the  Grecian  islands.  Tlierc  tho  fctiuUes  still 
danre  round  tlio  wells,  the  anricni  CaUiehanu,  accompunied  with  aongs  in 
honorof  ('I'pos.  Dr.  Ctarke.  '*  1  have  jual  rommed  this  riiurnintj,"  {*aya  Mr, 
Campbell  in^iiB  Lt'tit-ra  &om  the  Souili.  Fhila.  Kd.  1836,  102.)  "  from  '"" 
nessing  a  aupcr«uuou«  cwwmony,  which,  ihoueh  unwarremed  by  ilic 
ran,  is  practised  by  all  Mahometans  here,  [Alters]  black,  brown,  and 
white,  nay  by  the  .Jews  b1«o.  It  eotiMts  in  wcriiicing  tho  life  of  sonM 
eatable  animal  to  one  of  tbo  devils  who  inhabit  certain  fountains  iiear  Al- 

S'ers.  The  >-ictim3  were  fowU,  they  «xre  dipped  in  the  tacrtd  sea,  aa 
omcr  ciills  it,  after  which  thti  high  priest  took  them  to  a  ncighborii^ 
Ibuniain,  anil  having  waved  bis  kuife  thricn  around  the  bead  of  an  old  wx>- 
man,  who  sat  sciuatting  beside  it,  cut  their  lliruiUs,"  &c. 

The  eustoin,wsa  piwjably  a  common  ooe  in  ancient  Nincveb ;  for  once 
a  year  the  peasants  acieroblu  and  aocrifice  a  »hrep  at  Thisbe's  well,  with 
music  and  other  festivitiea.  The  Greeks  are  so  mttoh  ntioclied  to  gmttnc^ 
and  wells,  that  "  then;  is  scarcely  one  in  all  Greece  and  the  islands,  which 
is  not  consecrated  to  the  Virgin,  who  seeou  XD  have  Buooeeded  the  oncicnc 
nymphs  in  the  guardiiuiship  of  these  places." 

Tne  supposed  sanctity  of  wells  also  led  to  the  cusiora  of  interring  the 
bodies  of  saints  or  holy  persons  near  them  ;  thus  in  all  ports  of  Egyi 
the  tombs  of  aiunts  ore  found  in  the  'vieini^  oi'  tkoae  places,  "  where 
wandering  dervishes  stop  lo  pmy,  and  less  pious  travelers  to  quench  tbc 
thirsL"  Some,  says  Fryer,  ure  buried  wiui*'  their  heels  upwards,  likA 
DioecHisa." 

WortKip  of  widls,  like  many  other  superstitions  of  Pagan  origin,  was 
early  incnrporntud  with  ilie  oeremome«  of  the  christian  church,  ana  carried 
to  an  idolwxuus  cxcetis.     A  schijm  took  place  in  Pcnda  amone  the  Arme- 
nians, in  the  tenth  conturv :  one  party  was  accused  of  'deapiamg  tin-  '     ' 
well  of  Wgarscicbat.'    Tn  Europe  it  was  at  one  time  universaL     Ir 
gland,  in  the  reiens  of  Canute  and  Edgar,  edicts   were  issued  i< 
well  worship.      \Vbon  Herew^tfd   lh«  Saxon   hero,  held  ibe  : 
Ely  against  the  Norman  compwror,  he  iiaid  he  henni  hi^  bi>.<;tc«.s  > 
with  B   witch  nt  roidnightt  he  an»e  mlently  from  his  bed.  nn 
tbom  into  the  garden,  to  a  '  fountain  of  wau-r.'  and  there  he  •  i 
holding  cimversc  with  the  Bpiril  of  the  fountain.'     From  a   cull. 
.Anglo  Saxon  remainit,  the  following  example  is  taken.     "  If  any  tmo  ob- 
lerre  Lots  or  divinations,  or  keep  his  wake,  [watch]  at  any  miU,  or  < 
any  other  created  thingfi,  except  at  (rod's  church,  let  him  fast  three  yea 
the  (cm  one  on  bread  and  water,"  iu..     In  a  Saxon  homily  afrairat 
craft  and  ma^ic.  in  the  library  of  the  University  of  Cambridge,  it  n  ; 
"  some  men  are  bo  blind,  thai  they  brine  their  nferings  to  immovable  r^   ^ 
and  also  tn  Inn  and  toK>AU«,aa  wildteBooteaclt.''    ^IirHiiKlooi  still  wi 
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■Kiti  stiaou.  trees,  atuJ  water,  ud  mnke  offorinjfi  to  rhcm»  In  «  maao- 
■cript  writUQ  in  tlie  oarlv  port  of  ibo  filtcpnth  ccntur^',  thrro  i<  n  liumo^ 
Otts  tOD^,  in  whiob  %hctc  a  an  oDasinn  to  this  superstitioQ.     It  be^tnii  thus  I 

'Tim  Uil  ItriTi'^  1  llti;  wi  wuk« 
Sir  JoliD  emhi  me  with  ■  cnlw. 
B«  nwb  tnu  nv«n  Im  bel  and  bokt 
I  limHA  oM  ul.' 

Cven  ao  late  as  tJie  »eveiit«<tuli  ctuuur^,  people  tu  Scotland  wura  in  Um 
liabit  of  vititiog  wells,  at  which  tliev  perfurnwd  nunieroiui  acts  of  aupor- 
•tiixm.  Sbaw,  In  bis  History'  of  tht^  Pronuvfi  af  Mora^' ,  mvn  that  *  bcathco 
ctulxmu  were  luucli  pi-ac(i5i.Hl  among  tJie  people,'  and  lunun^  diem,  he  in- 
itifloe*  their  '  perlonninu;  pil|^nmages  bo  wclle,'  aud  '  building  dinpeU  to 
Snintainf.*''  Ai  di(>  prcsi.'ut  (ime  lu  »ome  parLi  ui'  Englaud.  remaiiu  of 
wuU  wrorthip  are  preserved,  in  tlie  cuauiin  of  perfurmuig  uuma)  praces- 
notw  u>  them,  decomung  thum  with  wrcaUis  and  chaplets  of  flowers, 
ainguig  of  hjmns,  and  even  ruading  a  portion  uf  the  goepc)  a*  pari  of  the 
censmaaitw. 

These  »aRie  cueloms  gave  risu  to  the  numerouB  koltf  welU.  which  fot^ 
mcrly  sbftunded  tbroognoui  tbtt  old  world,  and  diB  momurv  of  many  of 
which  \»  atill  preserved  in  names  of  towns.  In  dio  chorcli  of  yaHirm, 
Bear  Pariti,  the  tNrth  place  of  Sauil  Goovvieve,  is  a  wuU,  hy  tbti  water  uf 
which,  Uiia  patrooess  uf  (Jic  Farisiana  miroculoualy  restored  her  blind 
notber  and  many  oibora  toti^hl!  Bruval's  Eu.  U07.  Saint  Winifred's 
well  io  Flintfihire,  £ug.  from  ita  isacrcd  character  g^vo  name  to  the  town 
pf  Uul^wrlL  Mr.  Pi-uuant  na^'s,  tlie  custom  of  visiting  diis  wvil  in  pil- 
e,  aud  uflering  up  derotiuiu  there,  wb£  not  in  his  titne  eutirely  laid 

'in  the  summer,  a  few  are  lo  lie  fcen  iu  the  water,  in  deep  devo- 

tirni  ap  to  their  chin  for  hours,  minding  up  Uivir  pmv<?r«,  or  porfonnuig  a 
iMinlier  of  uvntutiiins  round  the  polygonal  wetl."  £veu  so  late  as  1S04, 
catfaoitc  biiliup  of  \S''olverhanipU)n,  took  much  p»ns  to  persuiulc 
J,  thai  an  ignorant  pro«elvte  of  bis,  named  WiuifreU  White  was 
tunculdusly  cured  at  this  weU  of  various  cbroiili:  diieiuvs  1 

The  ettstnm  of  '  housc-uanninjj'  is  verj-  ancient ;  the  tame  cerrjiKilM*, 
vets  (brnierly  performed  on  the  corapletiou  of  new  weOs. 


CHAPTER     VI. 


IT^naimtd-  Daftfcorueiniii  witllt— Id  RtoSoMU— WaU  of  Tfi*— C«rfb>(*alui  wel!>— Wdlf 
)■  QivfH*.  ItMcaluwlua  aM  FiuupcU— Wi  ili  milboal  cBrti^-Anciaat  ■■■*  In  prvivat  Kcidenlt  lft«M 
pMMw  mU  -— — }-  ftllsc  Mio  Ui*w    *M««Ht  aM    r«*«df(  tit  u   oivpliMii— Hrlu-^nkvlHB 

rf  Winln    TTtn-' '-^-  muI  •  li^  «t  Tfc»h»    VlaoAn  cimr»— Wrlb  in  Jiulaa— )l«WMt  fcr 

Mt  plMM(  caA*  nMDil  wHI*— HcftaUni— ArviM— Ai^nUliu— .(brihiin— Hcirklah— ItaTld — HanlW- 
■iiM  IImii  imii  llin  p*o(i1r  cif  BilOM— Sankkutlt  ia  PMi* — Wmosii  uf  Baliutiia— IVnlia  mMtliK^ 
aik  •#  BiWIfe  C*li|>h— 4.*«*rrk«|  -ntli  mVk  Ivfr  noiw*— Mahdonwlia  iraJlUdie TticmMwU*— E4lela 
fflWa^a  laifwnm — ^Vifl  iri  llnliinmh  Juna»l — Hwii««  Dud  Orcclui  eurln  of  martilB— CofUala  of 
MHlns  (■(■■■  a  <««ir»*l><t  MM  tart*  Air  xtlt. 

A  kiMWledge  of  the  depth  and  other  circumstance «,  ralaim^  to  anmt* 
Mosml  wetK  !■  ni^eeasary  tu  a  due  investifnitjon  of  llie  variou*  uuthods 
of  —■-■""  •--■kier  from  them.  We  cnnnot  indeed  form  a  correct  judgment 
ot  -.  wHliuut  some  acquaintance  with  iho  formar. 

■Ward* Htadow, MS, VA.    » Hona'* Erefj  [lajr  Book. ii, 636, 685.  FMbtoke. 684- 
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The  wells  of  Asia  m  gont>ntilv  of  ^remt  depth,  tad  ot  coana 
\u  ID  farnwr  tuaeii.     hi  Ciux>M-nt,  xhny  an-  rrocn  eiglil^  lu  n  htuiiirr<J  feel 
ill  ihv  tuljainiog  pnirinc*  of  Mnlwkb,  t)>o^    nnt  rraijuvnUv  Uitve  hatuli 
fe«*t.     In  Ajiricifr,  iliuv  are  from  onu  u>  two  hutidn^d  iWt     Mr.  El[ilii 
htonc  in  litD  inisvion  lo  CnUiul  (iiiH4Tvf«,  *  \hf  Wf-Uii  ■ni  ul\on  UiwQ   but 
(Ir^fi  IImH  ilt^ji;  due  wus  ihrt-r  Iniiiilrcd    and    forty    five;'  and    wiUj   thl 
(.■li'irinou*  de|>t)i,  »on*c  uv  Oiil^v  lliit*  foet  iii  dmiutrter.      The  (nir. 
of  aiicienl  Tvn-,   *wlKMe  oiKn^hanU   wtrt*    urin<-«i,  itnil  wlinste    : 
were  Uie  lioiuir«l>lM  ol'  llie  4-an)i,*  iy,  nR<!<irdirig  to  mnwf  Iravf^lera,  ^vitj^u;, 
■  botttim  ;    but  JjH.  RtK^ue,  u  aaid  by  Volti«_v,  lu  Lavt:  fuuod  it  at  llie  dujit 
o(  *aix  and  thirty  fathuoi.' 

^almaitezer  lieweged  ibis  city  of  mrckumieji  fnt  fire  years,  witlioi] 
btiiiig  able  to  taki?  ir ;  at  litjtt  he  cut  off  ibu  vriiien  of  thii  well,  wben 
itihabitanls  dug  otben  within  the  city ;  ailet  which  they  held  out  ngaiiu 
Nfhuchadiiezxar,  aud  the  whole  power  of  tlio  Babyknitiin  Knipin*  fd 
tittrtnn  yeara;  being  tho  longest  siege  on  record,  except  tbai  of  'Vabdc 
Jos.  Antiq.  \j.,  14.  Ancient  Carllingonian  wvlls  dP  great  depth  bare  be< 
already  ineniioned.  Dr.  Shaw  (Trav.  133,)  ol>sorve3of  a  rrihe  of  tlie  Kj 
byles,  '  llieir  country  is  very  dry,  ihey  have  no  fountains  or  rivulets, 
in  order  lo  obtain  water,  they  dig  welU  '  to  the  deptli  of  from  ooo  lo 
hundred  fKthom.'  Jacob'!)  well  is  a  hundred  and  nine  feel,  and  JnsepM 
well  at  Cairn,  near  ihrpe  hundred  feel  deep.  Tlifn  wi>[]  Xemxem  at  Mecc 
is  Iwo  hundred  niid  ten  feel.  '  Kxreeding  deep  wellV  in  Suntl,  are  me^ 
tinned  by  Toreen.iiiOsbeck's  Voyage  to  China.  Thnt  the  wells  of  .Auic 
were  generally  deep,  is  obvious  from  a  provision  in  Solon's  law  respectii 
them,  by  which  a  pt^rvon,  aftifr  digging  lo  the  depth  of  sixty  lent  witboi 
obtaining  wattT,  wac  allowed  to  fill  a  six  gallon  vexsid  twirr  a  day  at 
neighbor's  well.  The  frei^ufncy  of  not  meeting  with  \vaiitr  at  th.it  dept 
eridenllv  gave  niw  lu  this  pnivision.*  The  wrlls  ui'  Hrrcalnm-um  M 
l\iiiipi^ii,  werv  probably  all  (.if  considenible  depth,  if  we  judge  fi-oro  ihosa 
tlial  haw  been  discovered. 


WKLL*    WITUOt;T   CVRHK, 


Another  feature  in  ancient — parlimlarly  Aaiatic— walls,  waa,  rbey  w< 
oftrti  trif/iout  <tir&»  or  parapeta  buill    round  ibem ;  hence  animals 
full  into  them  aiid  were  kille<l.     A  very  ancient  law  enacted,   that,  'if  j 
mail  sliall  upeii  or  dig  a  pit,  [a  well]  uid  not  cover  il ;  ami  an  ox  or 
EHS  fall  tiiereii),  the  uwucr  of  the  pit  altall  mtko  it  good,  and  give 
to  the  uwuer  of  them,  and  ilie  dead  beasts  »hall  be  ni».'    Exo.  xxi,  33, 
Thie  was   probably   an  old    Phenician  and  Ggy|>iiaii  law  whioh  lb*  fj 
raelites  udupled  from  iu  obvious  utility.     JooephiL^'  accouitr  of  it  if 
explicit :  *  let  llioce  (bat  dig  a  well  or  a  pit,  be  careful  to  i 
them,  and  so  keep  them  shut  up,  not  lo  hinder  persons  fr><' 
ler.  but  that  there  may  be    no  danger  of  lulling  into   them.' 
H.      Numerous  examples  of  the  utility  of  euch  a  law  might    be 
from  oriental  histories.      Itenaiah,   one  of  the  three   famous   wnmors 
David,  who  broke  through  the  hosts  of  thn    Philistines  and   drew 
for  him  uul  of  the  well  of  Itelhlnhrm,  *elew  a  lion  in  tlm  midst  of  a  pit 
tbo  time  of  snow.'  Sam.  xxiii.  30  :  from  Jovephus,  this  apjiears  to  hai 
,been  ime  of  the  ordinary    welle  of  the  country',   which   navmg  i>o  cut 
bad  been  lefi  ogien,  ttiid  the  'lion  xlipped  and  fell  into  it.'     j\iiliq.  t'ii,  Ij 

'  On  our  way  back  to  thn  to«i-ii,  we  saw  a  poor  asa  dying  in  a  pit,  ioB 
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vfaich  ha  ItmA  lallea  wit)i  bi«  legs  beiJ,  itiat  boing  tbv  pnurtjfw  nf  die  Arab* 
rWn  tlitif  «>uil  nut  then*  anin]&]«  lu  ftMHl.**     Tlif-  cuKtnm  of  Uia  Arnba  in 
'llliit  re«t)pct  has  probably,  lUtc  nuuiv  nther*,  uinlnrgimr  nn  chaog*.      UflX- 
plaiiiB  till-  n04^e^■uty  af  dte  law  iu  kxodus,  &9  i|iii>It!cl  «bovtr. 

Aa  twn  elf  pbani  dnv*^t%,  each  on  hia  f>li<pb&iil,  cmt)  nl'  which  waa  r^ 
narkably  lar^e  aoi)  powertul,  and  tlte  ntber  Mioall  and  wvak,  wnro  u^ ' 
proocbifiK  a  well,  the  laiutr  carried  at  U>e  fod  orbtm  |i(t>)>oH:ts  a  biiclrat 
by  which  U)  raisL-  thu  water.  The  larger  annual  iiiKtij^itud  bv  hi<  driver, 
(who  waa  not  provided  wilh  orne,)  aeiz^l  und  Gasily  wreatiKl  it  iVom  tha 
weaker  el^pliaol,  wbich,  ihnugb  unalilc  to  n^Miit  the  iiiaiilt,  obriouatv  felt 
it  At  length,  wali^hing  hia  opfiortunity  when  the  oiIh-t  wa*  sUndingainKl 
llie  crowd  with  his  side  lo  the  wfU,  he  rcbiW  hackwardu  in  a  vt>ry  ciutet 
and  (insiifpirKiiii  inanner,  uid  then  rushing  forward  wtlb  all  his  might, 
•trove  bis  head  against  the  sidn  of  the  robber,  and  fairly  piubed  hitn  into 
tc  well — tbe  siirtiice  of  the  water  in  whi(di,  was  twen'ty  feel  below  tba 
rel  of  ibe  groiiml. 
But  aninuM  wen?  not  the  only  sufferers  :^There  are  passa^S  in  aU' 
ctent  Bulhor*  which  indicuir  the  liwe  of  human  life  boih  aceidentally  and 
by  design,  in  cons«;iiuen«?  of  thi*  alisitiice  of  curbs  to  wllg,  Thii»  llylaa 
who  jH-.cim>paiiied  heraiic*  on  tlie  Argonaiitic  expedition,  went  sahore  lo 
draw  wnber  from  a  well  Or  fouiilain,  and  be  fell  in  and  was  drowned. 
Virgil  repre*«>nu  the  companionit  of  Hybui  aller  missing  him,  aa  epread- 
ing  lbeniMflve<(  along  the  ooait  and  loudly  repealing  his  name  : 

And  Bylu,  wham  Ii'h  aMwaiBdw  loud  deplora, 
WhiloHyUs!  Uylu!  rings  IKiib  nil  the  sbora. 

£t.  Ti.  48.     fnwqfAam. 

cfaelaus  of  Matedon,  a  coniemporary  of  Socrates,  s«conded  the  tbrone 
b_y  iho  nKMt  horrid  trinics.  Among  others  whom  he  murdered,  wras  his 
awn  brother,  a  boy  ocly  seven  years  old.  He  threw  bis  body  into  a  well, 
and  endeavored  to  make  his  inoihrr  bvlievK  ilisi  the  child  lull  in,  'as  he 
Wa*  I  'T  a  goosi!.'      liaiflt^. 

Wii.  wilder,  Itke  a  demon,  de*tn>yed  the  city  of  Thebes,  (the  ca- 

pital of  one  ot  llie  Sinn-s  «f  Itreece.)  uml  munJered  six  thousand  of  its 
inbjliitjints,  a  l*«rty  of  Tlirncinn  soldiers  belonumg  to  his  iimiy  demulialied 
tr,  'Tmio>:lea,alndynfdt«tingui!itit*4l  virtue  and  Imnor.     The»oIdier« 

c^..-.-'  ■■  '•  ibe  l>ooty,  ami  tlieir  captain  liavinfr  violated  tlte  lady,  asked 
her,  if  she  liad  nut  cimcealed  some  of  Iter  trea.iures:  she  told  liim  ah« 
bad.  and  taking  hitn  alone  with  ber  into  the  garden,  slie  showed  bJm 
%W«1I,  into  wbicit  she  said  she  had  tbrown  every  thing  of  valae.  Now 
wvarv  tnld.  ilial  n*  lie  stooped  down  to  look  into  the  well,  this  high  spl- 
liud  mid  mueb  iiijuivil  liidy  pushed  him  in,  and  killed   him  with  stones.^ 

I"  <  r'ounLi,  it  ap[iear«tbal  wells  belonging  to  private  houses  Jn 

a,  ivere  sometimes  without  curbii,  iillhougb  they  probably  had 

t.  ^i-i^nicn  covers.     Thai  thew  wen!  common,  i«  evident  from  a  pas- 

su ',    iiuoted    from  JoMphus:  ami  tlie  remain*  of  one  hiive    been 

di  -1  Pompfii.'     Thv  privairt  v*<-U  rii-ntiuried  in  2  Sam.  xvii,   18, 

h  ,  Inde'.-d  it  is  evub-ni  from  the  New  Tentamenl,  llial  tlic  an- 

ei.  ri  of  lea^iti;^  the  up|k-r  surface  of  well*  level  with  the  ground, 

pr-  iioir^  tl>p  .lews,  tbrimgh  ibe  whole  uf  their  hi*lorv,  from  ihnir 

UKlep<:ndeno--  -is  a  nation,  to  thi-ir  finid  overllnow  by  Titus.  '  Wliai  man 
among  you  buvTog  one  sbaep,  ifilja/l  tito  a.  pU  on  Uie  sabbath  day,  will 


40  RrttitMu /or  mit  f^aemg  Cmri*  rtmnJ  Wells.  fBouk. 

Ira  not  lav  bold  or  ii  and  lift  ti  outV  Mutt,  xii,  II.     And  ngiin  to  Li 
'  which  i>r  ^'ou  jiball  have  aii  w»,  or  Kn  ux  Ikllen  Into  a.  p%i.  Mid  will 
straJghtwD^V  ("ill  liiiii  uui  on  iIm?  »ii)iljath  da\i.'  jitv,  5. 

In  tlie»*;  paAsagps,  whiL-fa  iire  paraJlel  to  (licustf  quoted  from  Exodu*  and 
J(>»epiiuf,  liiu  Horil  '  j>it'  ia  «^'iiDii^inoua  with  *  well/  In  Atitiij.  vii,  U 
'  the  well  of  Bellilvheai,'  is  c&lleiJ  a  '  pit.*  Wells  nitboiU  cutIm  are  att 
with  iu  JuJea  and  ihc  vast  gunenill^,  at  tlie  prt-sBUt  Uatv,  alibcugb  ihei 
are  Qut  «■  numerous  aii  ibmivrly.  Mr.  tJtepbeiis,  in  his  'Inciuuau 
Travel,'  obiiervcd  uii  ibe  ruad  C;  Gaza,  '  two  rvmark^blu  wolls  of  die  vut 
bt'M  Koiiuiii  woHdnatisbip,  about  fifl^  feet  deop,  Uiiud  Midi  Urge  liairj 
fttODDS.  as  dnn  aod  perfect  at  oti  Uw  6»y  on  wliicii  ibuy  wvre  laid;  the  ti[ 
pvnoiMt  laver  on  too  top  of  lliu  well,  '  was  qq  a  Invi  wltb  lb*;  pavement 
III  Bomv  iUu9traHon»  of  ibe  Hook  of  Uenvsis  uKt-cmud  in  the  lounh  i 
fifth  century,  uue  n>pn.-«cnl9  die  inlcn'tuw  b«tww«n  Kelwcua  and  Kliexer j 
the  well  is  Njoan,  and  tbv  curb  but  a  lew  iiicbaa  iiigh. 

UtAiONB  FOB  HOT  rLACINO  CUBDB  ROUtTP  THK  IMOUTItS  OT  WKIXM. 

Tbe  motives  which  iitduced  the  aodenis  to  leave  their  wells  without 
curbs  were  various: 

1.  Tb^i  they  loiKfat  be  tnore  readily  covczaJeti.  Tbi*  was  a  universal 
custom  in  times  ol  war.  When  DaHus  invaded  Scvthia,  tlie  inhabitajatd 
did  not  attemnl  an  open  resistance,  but  covered  op  tneir  wells  and  9pna\ 
and  retired.  Herod,  iv,  120.  Mr,  Klphinstone,  in  his  ini«i<ion  to  GaWt 
says,  tbe  people  '  have  a  mode  of  covering  their  wells  with  boards,  beail 
with  sand,  that  etfiictually  conceals  them  from  an  enemy.'  tiiodorus 
cuius,  remarked  the  svine  of  the  B«douin  Arabs,  ei^tecn  centuries  tu 
and  they  still  practise  iu  Travelers  in  tlie  Lybisn  desert  are  often  six  oqiL 
seven  duys  without  water,  and  freijueittly  p«nsh  I'nr  n'ant  of  it;  'thu 
dnftJngSKnd  having  covered  the  nwA-r  of  the  wells,'*'  Wells,  whenihnscoQ- 
cttaled  '  vMtx  only  be  found  by  persons  wboM*  profrsston  it  is  to  fiilot  ctum- 
vuim  acrusx  ihiH  ixean  of  sand,  and  the  sui^drity  with  whir-h  lliu«v  mi;tt  pet 
form  their  diitv  is  wunderful ;'  like  pilots  at  sea  with  nothing  but  thest~~ 
to  direct  th«m. 

S.  To  prevonl  them  from  being  poisoned  or  6lled  up,  bi>th  of  whic 
frecj'iunlly  occurrwl.  The  Roman  Oen«r»l  A(]titliiix  ci>nqufr?^d  the /ittt 
of  lim  kingdipm  of  Pergsmu*,  urn?  by  ww,  by  poixuaing  tbe  waters.  Tbt| 
horrid  crime  has  mIwuv-k  previiiicd.  In  1320,  iitHiiy  Jews  wen;  burnt  ir 
Frvuce,  while  others  were  mu«itacred  by  the  iril'uriaie  ueoplu,  under  the 
belief  that  they  had  poisoned  the  wells  and  fountains  of  Paris.  The  Eo 
of  Savoy  was  poisoned  in  this  manner  in  13S4,  aiid  tliv  praoiico  was  coi 
mon  in  uio  lifteuittli  century.'  Some  of  the  wells  belonging  to  Ahrvluu 
wen?  stopped  up  by  ibe  iubabitasu.  '  And  Isaac  digged  a^ain  llie  wel 
of  water,  which  they  bad  digged  in  i}>e  days  of  Abraham  lis  fitiher,  Ib^ 
the  I'hilittiues  had  stopped  them,  after  tlie  death  of  Abraham.'  Gen.  xivi 
18.  '  We  walked  ou  some  distance  to  a  well,  which  wc  found  yWf  v/ 
tand;  Hiis<iem  scooped  it  out  with  his  hands,  when  the  wafr  ro»»!  nat 
all  of  ui  drank.'  Lindsay's  Tra v.  Let.  7.  When  ibe  A"ynni'«  itnilo 
Senarherib,  in^Tided  Jndea  in  llie   eighth   century,  13.  C  *  I '  ta  " 

counsel  with  his  princes  and  mighty  men,  to  stop  the  waloi^ 
tains   wbicli    wem   iriihont  the  city;  and  ibev  atopped   iill 
Baying,  why  thonhl  the  king  of  As^iacome  bereand  find  i' 
2  Kings,  iii'.  19.  86 
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Tbe  eiulurn  nf  l«avtnc  tlii*  [irincipnl  aupplj^  nf  water  wiOiout  tha  walls 
of  ihe  more  ancient  c'lDes,  \»  ranurkabiB ;  am]  tJie  t-ftaton  fur  it  has  not 
jpt  lowii  tiatiitfacianly  explainoiL  Thc^  water  which  ■mipliud  Alb«  Lonea, 
lay  in  a  very  deep  glc^n,  ao<)  waA  therefore  scarcely  di>r«nKiblo  ;  but  thm 
HT  -  ''  ibc  SiAinatiilcr  al  Troy,  "if'  Eiincacrutma  «t  Atlimiii ;  of  Ditxs 

f  and  imtomerahle  otben,  provr  tliat  tucl\  ii»l«n<:««   wont  oom- 

tnofi*  Wbeu  Oavid  waged  war  aj^uHt  tlie  Amaionit^M',  bin  success,  ao- 
conlinr  in  Jo*«phiu,  wad  cbielly  owini;  w  )it<  goiwrol  rutting  oW  their 
V  'i  tjafteci&Uy  those  nt  a  panicuUir  m'cII.     Aiiti<i.  .vii,  ].     Mardo- 

•  (I  lip  tilt!  Gargapbian  fi>uiiUun,  which  Nuii|ilitr(l  tlit>  Urvotan  ar^ 
^t^r,  an  act  which  hmugbt  on  in  iut   vicinity,  tb<*  fainoae  boUWi 
11  ni   which  bo   wai   Htaiii,  had   thn  iiuwur  of  FcreiK  in  Orwa*] 

<  <l.      A  remarkablt!  iimla/ire  uf  tlit?  latior  and  iwrMtTaranM^ 
kt  iioni,  in  cuttinif  off  a  whU  or  futinlaiii  tnnn  txtateged  placo^ 

u  pTen  by  (Jaeaar  in  bis  Conunentaries  on  iKr  War  in  Gaul,  viii,  33. 

3.  To  prevent  ibe  water  from  being  ttoten;  wliich  could  ociircoly  have 
been  prvrented  at  welb  w\ih  carbc,  for  tboy  could  not  tliCD  huvu  bovn  cuu* 
oealed.  We  muvt  bear  in  mind  that  the  CKtrenic  luarcity  of  wuivr  in  the 
wmM,  required  a  vigihat  arid  p&rsinionious  can;  of  it;  iumI  hence  contiuual 
iTQarrels  arase  from  adenipu  to  purloiu  it,  or  to  ukc  it  by  forct*.  *  Aod 
Gie  herdsmen  of  Gerar  did  strivo  with  Imuc'»  benUmon.  saying,  the 
water  b  nurs.'  Qen.  xxvi,  ^0,  This  kind  of  strife,  says  Dr.  Kicbordfoo, 
between  the  different  villsgen,  still  exists,  as  it  did  lu  the  days  of  Abim- 
I  ami  Lot  U  wo*  customary  for  shepherds  to  seise  on  the  wells  be- 
others  cAnie,  lest  there  should  not  be  sufficient  water  for  all  their 
juuj  ii  wat  at  an  oGuuirence  ofthis  kind,  iMt  Moses  first  becaineao-i 
ed  with  Zipporah  and  her  fisters.  Joa.  Antiq.  ii,  11.  "  Nearly  six 
nours  boyond  the  ruined  lou'n  of  Koumoa,  and  two  beyond  the  dry  bed 
af  a  i-Tiiitll  stream  railed  £1  Gorara,  [ihe  brook  of  Crerar^J  we  were  but- 
priaed  at  finding  two  large  utd  deep  wells,  beautifiilly  built  of  hewn  stone. 
Tbe  appermost  course,  and  about  a  dozen  troucbs  for  watering  cattle  dts- 
poaeJ  round  ihem,  of  a  coarse  white  marble ;  uiey  were  evidently  coeval 
with  the  Romans.  Quite  a  palriarchal  scene  presented  itself  as  we  draw 
near  lo  the  welb  ;  the  Bedouins  wore  catering  their  Bocks  ;  two  men  at 
ettch  w<fU  letting  down  the  skins  and  pulling  tliem  up  a^in,  with  almoet 
foTDc^ifS  haate,  uuj  wilh  quick  savage  shouts."  Lindsay's  Trn.v,  Let.  9. 

Tl.'  ■ ,   of  WBler  in  those  countries  has  frora  the   remotest  timos 

Budi'  'It  of  mrri:haHtiut. — "  Ye  shall  also  buy  water  of  thuiu  for 

iDoaf.'y  limi  yc  taay  drink."  DeuL  ii,  G,  28.  And  Jeremiah — "  «■«  have 
dmnken  our  wni/;r  fur  tnnney."  Liun.  v.  4.  See  Kzukiul.  iv,  16,  17. 
Thu  value  of  water  may  bo  [>ercoived  in  tJie  ne^tialion  uf  Moses  wichi 
the  kitt|i;  of  EdoRi,  for  a  pruan^'c  through  lluil  country.  He  pledged  biro- ' 
•elf  that  his  counirymen  would  not  injure  the  fields  or  tlio  vineyards; 
"neither,"  siys  he.  "M-ill  we  drink  of  the  waters  of  iho  wolla;"  and  in  a 
•abaecjuifnt  propo^luon,  he  adds,  *'  if  I  and  Oiy  cuttle  drink  of  thy  watoh. 
then  I  will  j>ay  Ifir  il"  Num.  xx,  17,  19.  It  ia  wo  think  eviuvnl  frurn 
the  text,  tltat  tlie  grenl  quantities  of  water  wbicli  fltich  a  host  would  ro- 
qoire,  waa  the  prineipol  objection  urpid  by  the  people  of  Kdom:  thev 
"werv  afnid,  and  very  natunUly  ton,  that  n  million  of  aouls  might  drain  oil 

t"- -   "■    -';;!r  passing  through  the  land,  a  calamity   that   might   prove 

Ives.     Brouka  and  rivera,  wcno  driod  tip  by   the  army   of 
Ai  rsr_i  3f=  np  advanced  townrdH  (Irroce. 

It  xamy  be  obaervod  here,  thai  when  in  ISll,  Burckbardt  discovered 
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iVeUs  caarnl  61/  lergt  Stomal. 


Peira,  the  long  lost  eapiuJ  of  Gdom,  &d  inteiuc  interest  vnn.  >'«r-iti 

unon^  the  Icamoil  men  of  Europe,   And  sevpnU  hastened  tf>   i 

most  oxtinordinary  city  of  tite  world;  n  eity  cxcaratcd  out  ot  i...    i.^...^^ 

whoAO  oriein  goc»  book  to  ihc  tiin««  of  Etaa,  tho  '  rBth4>r  of  Bdnnt,'  and 

which  tnuffor  more  thui  »  ihoueiuid  yean,  boon  oomplcwly  loAt  to 

civilized  world.     But  the  nntives  nwore,  as  in  the  ttmm  of  Mose»,  tbi 

vtiuuld  uot  enter  ihcir  counirv.  nor  i^rtiiJt  of  rJieir  leatfr,  and  they  1 ' 

to  tlioor  iliem  like  <l(^,  if  Ln<^y  aitcmpird  iL    tt  wiu  willi  mm  I 

and  dongcr,  that  Hnrckliardi  at  lt>n?lh  succeeded  En  ohtAiniii^  n   ^Uiiiji^ 

of  thu  sin^iliir  rity.     He  u'nj  diiguiitcd  u  an  Arab,  and  p<uM-J  under  1 

oamu  of  8heik  Ibmiiim.     T)ie  dimculty  and  danger  of  a  visit  in 

is  DOW  however  in  u  great  moaaure  removed  by  the  present  Paihtjl! 

hmnmtid  All. 

From  the  custnm  of  coneealitie  many  anetent  wolU,  we  Icani  die  it 
pnrtnnt  fact,  thai  machines  for  raising  die  water  contd  not  hnve  bcttn  < 
lachrd  to,  or  permanentl}/  placed  t>ear  then.  As  \h<:^^..  as  vt'ell  lu 
or  pai«pcl8  prajrclin^  abovv  tl»e  ground,  would  havi-  bctrayml  10  »t 
mics  nnd  itrangiiMV  tlicir  loculioli.  When  the  woman  at  Bnhurim  s« 
Uavid'x  spir«  in  tlie  well  iK^lon^iiEf  Ki  her  hiiui*,  and  "  Kpn-ad  n  cc 
oyer  the  wtrU'vnioulh,  and  «(>reiul  ^lund  com  thtreon;"  2  Siun.  xvii, 
lier  d«nr!un  could  not  have  succeeded,  if  a  curb  had  rntJowid  ila  moQl 
or  if  any  nt-rniunenl  machine  had  been  ereclMl  to  nilBti  tlu!  wali^  from 
as  tliesrr  wiiiitd  have  indicated  thi^  WrII  to  the  anldiera  uf  Alvrtnlum,  w 
would  luTfunly  have  examitted  it,  herause  weU*  wen>  fn'()ti(-n(lv  at 
mn  hiding  [dares  in  thn«e  days.  There  u  a  tradilion  in  Pemiji  that  nnc  t>f 
llir  Armeniiin  |iatriarclia,  waa  concealed  .4i>veral  years  in  a  uell,  during 
tlie  |»rn>f';iiliun  of  the  Christiana  under  T)toclesiati  anil  Maximinian  :  and 
wan  '  privately  rvlictved  by  thti  daily  charity  of  a  poor  godly  woman.* 
Fi^er,  271.  -  _ 

When   All   the  fourth  Caliph  of  the  Arahians,   mai-fhed   with   nii 
thousand  men  into  Syria,  tlie  army  was  in  want  of  water.    An  <ild  hot 
wlicMe  cell  wa-t  near  tlie  citmp,  vria  applied  to;  be  said  he  knew  but 
one  cistern,  wliieh  mif^ht  contain  two   or  three   buckets  of  water. 
Caliph  replied  that  the  ancient  patriarfha  hatl  du^  wells  in  that  tieighl 
hood.     The  hermit  said  there  was  a  tradition  of  a  well  who«c  mouth 
closed  by  a  stone  of  an  enormous  stxe,  but  no  person  knew  where  it 
All  caused  his  men  to  dig  in  a  spot  which  he  pointed  out,  and  not  far  fr 
the  surface,  tlie  mouth  of  the  well  wa«  found.* 

^Iiere  wells  were  too  well  knoi;«'n  to  be   concealed,  as  tIio»e  in   ilia 
-  neighborhood  of  towns,  villages,  &c.  ihey  were  ■ometimes  seture*)   bv 
tar^e  ttouei   placed  over  them,   which   required   the  combinod  si" 
of  several  persons  to  remove.  '  A  jpmr/  stone  was  uimn  the  well's  n. 
and  they  rolled  die  stone  from  the  well's  mouth   ana   watered  the  aheei 
and  put  (he  stone  gi^in  Upon  the  well's  mouth.'    Uen.  \x'\x,  S,  3,  The  . 
bommedans  have  a  tradition  tliai    the    well  at    which    .Moses  ws 
florks  [if  his  fsiher-in-law,  was  covered  by  a  stone  whirh  rt-qnired! 
men  to  remove  it.     It  in  indeed  obviouf  large  stones  only  could  have  ' 
used,  for  small  ones  could  not   extrnd   across  the  wells,  which  were  fi^ 
^uantly   of  large  dinmettrr.     Jacob's  well  is   ninv  feet  acron,  and 
were  larger     1'hu  I'ltrh  round  the  well  ^'mxnin  at  Mecca,   is  tm 
diameter.     "  Anntlier  time  wo  passed  an  ancient  well,"  says  Lindsaj) 
10,  "  in  an  etcursion  from  Jerusalem  to  Jericho  and  the   Dead 
mouth  Maled  with  a  large  stone,  with  a  hole  in  the  centre,  through  whid 
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we  threw  a  pebble,  bat  tbere  wu  no  water,  und  vn  ■bonld  bare  been 
mrry  bad  tbero  been  any.  for  our  tatiied  urengtA  douU  not  bave  remuvMi 
ibe  Mtat." 

NutM^th«inii<ling'  Uie  precaulioiu  uecd,  ii]ic|ihcrdd  were  ofion  detected 
trt  *' —  ■■■''•ntlv  waitirinK  llieir  flocks  at.  their  neighbora'  wdli,  to  prevent 
w  '  .1  MTpre  ased  in  neciire  ibr  cover*.     Tbeae  continued  to  be 

tur->]  ciiJ  pr^eiit  timttft.  M.  Chantin  nntioed  them  in  aovenl  porta  nf  Asia. 
Tbe  wtrllii  St  Sii«5>,  Kccording  to  Niebuhr,  are  surrounded  liy  a  strong 
w     '  <  l>  out  the  Arabs,  and  entered  by  a  door  'fastened  with  ennr- 

II.  <|>a  of  inm.'     In  Greece  as  in  Asin,  those  vrerejined  who  stole 

wau-r.  \V'bea  Themistucles  dnring  his  banishment  was  in  SArdis,  he  ob* 
•err^d  in  ilie  lempK-  of  Cyhele  a  fcniale  figure  of  brass,  called  '  H^dro- 
phtnu'  or  Waitrr  Bftarer,  which  he  himself  had  caufied  to  be  made  aiid 
dedicated  out  of  tfae^M^*.!  nf  .lacb  as  had  tieilen  tbe  wat/'r,  or  diverted  tlie 
stream.*  One  of  the  Grcfk  emperors  of  Constantinople  i9Sui>d  an  edict 
A.  T).  404.  imposing  &  tine  r>f  a  pound  of  gold  for  every  ounrr  of  water 
■unvptibiiuiilv  taken  front  llie  re«ervoint.*'  And  a  more  anciiMil  nilnr  re* 
nurVixl  lb«t  '»U*ten  utUers  are  sweeu'  Proverlxt,  \x,  17-  Tlie  ancient 
PrmtUn*  bad  4  similar  law. 

Curii*  or  parapeu  were  Renerally  plaoed  round  Uie  mouths  of  wells  in 
tbv  W/ier  of  Ifrvece  Atid  Romir,  iU  an]*ear«  from  mauy  of  tkcrn  preserved  to 
tha  prv«*!nl  lime,  lut  well  as  those  dincovered  in  Pompeti  aiul  Herculanegm. 
Tbe  carlnlirxted  mosaic  jMivcment  at  Prenesle,  cnutaiiiii  tlie  representation 
of  an  ancii-nt  w<^ll;  by  soriM^  authors  supposed  to  he  the  famous  fonulain 
of  Hrlinpiilia  Moiiltaiiroii  liiul  Dr.  Shaw  have  given  a  figure  of  iL  The 
curi>  is  fwpmtenlfd  as  built  of  brick  or  cut  sit)ne.  Curbs  were  generally 
ouaatvc  cylindrra  of  marble  and  mostly  formed  of  oiu  JUikA,  but  same* 
dmva  of  two,  cramped  togeiher  with  iron.  Tlieir  exterior  rttsenibled 
roond  sltant.  Those  of  the  Greeks  were  ornamented  witli  highly  u  ruught 
aoulpturvrs  and  were  about  twenty  inches  high.  Roman  cuHjm  were  ge- 
ornUly  plain,  but  one  has  been  found  in  llkC  street  of  the  Meri-iii-ies  at 
Pompeii,  beautifully  ornamented  with  triglyphs.  To  these  curbs  J^uveual 
•]>ptiara  to  allude  : 

Ok!  bow  UBch  mar*  davonilT  nhonld  wo  eJing 

T«  iliau|!hij  that  hor^r  round  tbe  saered  sprnif. 

Ware  it  siill  innrsinrit  wiih  iu  asiivi!  |[r*en, 

Aim)  nal  a  mittblei  acnj  Itic  apot  were  soeii.  SA  tii,  3U    BtMam. 

Thai  Roman  wnlla  were  generally  procecied  by  curbs,  appears  also  from 
o  '    '  I   Pliny  :"  at  (lades  the  foiiniain  next  TO  the  temple  of 

y\  1  about  like  a  well."   H.  ii,  97.     Dr.  Slmwrnendnns  se- 

veral itxiudii  Wf-Ua  »-ith  corridors  round,  and  rupola.4  nvertliem,  in  varioiui 
parts  of  Maarir^nia.  Tmv.  237.  Mr.  Ondwcll  (ie^cribcs  the  rich  curb  of 
m  Corrntbiiui  well,  wn  ti^irua  -tf  divinities  being  carvi;d  un  iL  Such  deco- 
TCDoo*  be  says  were  conimfHi  lo  the  aacred  wells  of  Greece. 

In  vanoui)  pans  of  Asia  ami  Egypt,  tlio  finest  columns  have  lieen  bro- 
lea  and  bullowed  nut  u>  serve  us  riirhd  to  wells ;  and  in  some  instances, 
tbn  eajHtoh  of  sptcnrtid  ^hafu  mny  Ire  sevn  appropriated  tu  tiie  aamo  par- 
poflc.  Although  such  wenes  are  anything  but  peasant  to  thit  enhgfatened 
tnkwdcr,  tl>('  ptv-si/rvatinn  of  vnliuhlc  fracmcnu  of  antiijaity  has  been  se- 
cured  by  ihpw  and  similar  applications  al^  them.  Tht^y  cL-rtainly  are  less 
mbjms  to  dvsu-uetian,  as  curbs  of  wells,  tlian  when  employed,  tike  the 
(mo  OorimJiian  r;»pii.il  of  Parian  nmrWe.  which  Dr.  Sliaw  nbservad  at 
Anew,  '  as  a  bluck  fur  a  hlackamith'a  annii.'  Trav.  29,  30, 
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CHAPTER     VII. 

wait  coMloiUd:  DMcrifitloa  of  Juob'*  •(R-UT  Ztmtm  ta  Il««e»-Ur  JoMpb't  voU  «  C«Uu- 
B«4«iiiM>ii«  rtlli  DUrti  wiMiniinii  uxum— Wall«  at  EBp— BalfclBhaoi  Cm  SfT"" — tTduivalb 
— pancpolu — Jeni«ar*~Tr«f— KpfcMiu — lUmor— lOm— Sarofipfc«(l  iwiilijil  ■  vattriat  (roa(b 
— fllooa  mlht  11/  Richnid  III  a—d  a*  URi^-Awinl  Itonican  wvll^-lailtcaM  Ibe  olHicntr  l»  iiut  <kuu 
«r  •  BOra  Tcfihcd  peopi*  (An  Ik*  praaeM  rv4  ne»— Tfaeir  enmtiuUoo  ilMlwHi  lltfM  dirnM  (Ma 
Ac  »*ll>  at  Alkniu,)  ImporlaM  daca  of  Airaut  ifia- 

A  dencriptioQ  of  somo  cuIcbraU^J   wrlU   miiy  hnrv  be  inwrtcd,   u 
•lisll  hitve  ixxosion  Ui  rufer  to   ilwoi   facrvJtftvr.     Jatob't  Wf^i,   is  one 
Uiu  most  uncii^nt  and  interesting.     Through   u  [HTiod   of  thirty-five  oui 
turice  it  has  Itwa  itscd  by  tbu  {latriarch'g  descoiidiuiLs,  uid  Jisjiiiipuislii 
hy  hia  luuou.     Tbis  wull  U,  as  cvury  reader  of  scripturo  knuws,  near  S; 
ctur,  iJie  ojiciuii'.  fi^tcAe/it,  on  ibv  ruad  to  Jerusalem,  aud  bos  been  visli 
hy  pilgrims  in  nil  a^jue.     Lun^  bvfun;  tbe  cbmluio  em,  it  wu  greatly 
vcred,  uiil  AutMiKjiiuntly  it  ba&  bcifn  ccleljrat<.*d  on  nccuimt  uf  ilif  tnii 
I'icw  wbich  ibo  Savior  had  witb  t>ic  woman  uf  Sonuuia  nuor  it.     Its 
cation  according  to  Dr.  Clttrkv  n  to  distiitotly  marked  by  tbe  Kvaoj 
and  so  Utile  Hiiblcio  uncfrtnJiiiy  from  the  cireunttiancce  ufiliu  well 
and  tlie  franireit  of  ttte  country,  ibut  if  no  truUitioa  exuted  tor  its  idi 
t]ie  Mite  fiC  it  could  liiirdly  be  misutkcu- 

Ttie  date  of  its  coiuKructioii  may,  for  aught  tluU  U  kntnrB  to  tli» 
trary.  extend  far  beyond  the  limus  of  Jacob;  for  we  ore  not  infotinr'.I  di 
U  was  digged  by  him.    .As  it  is  on  land  which  he  nurchoAid  fnr  a  rejiidwix 
"of  the  80I1II  el  Homor  the  IJiher  of  Shechem,*  and  was  in  the  vieioi 
of  a  Cauaamtisli  towti;  it  may  have  been  constructed  by  the    formi 
owiicn  of  the  mmI,  aiul  probolily  was  so.     The  woman  of  Samitria  wl 
conversing  witJi  the  Savior  re:^]>t'Ctiii;^  it,  nsks  '  An  thou  g^ 
father  Jacob  who  gave  m  the  well,  aiid  drank  thereof  him>' 
and  cattle  1"  John,  iv,  13.    She  does  not  say  he  dug  tL     Ikn,  ia 
well  is  OJW  hitmlral  attdjivt  feci  deep,  and  ninejett  in  aiameter,  and 
Maundrell    vuuied  it,  it  contained  fUleeo  feet  of  water.     It^  : 
tiqiiitj  will  not  appear  verr  exinardinai^.  if  we  reflort  tliai  ii  .     -ij 

thrnugh  the  solid  roak,  ana  therelbre  could  nM  be  destro\-ed.  nxct-pt 
an  earthquake  or  some  other  oonvutnon  of  uunrc;  indeed  we-Us  nf  t) 
description,  are  tho  most  durable  of  all  man's  labors,  and  may,  for 
we  knnw,  hi^t  ns  long  ha  the  world  itself. 

The  well  Zemsem  at  Mecca,  may  be  regarded  as  another  vory  aneiei 
one.  If  is  considered  by  Mahometans  one  of  the  ihnt^o  holiest  things 
the  world,  nnd  lu  thn  iiourca  whence  the  great  progenitor  of  the  Ank 
was  refrtt*hed  when  hi*  and  his  mother  loft  hia  faib^^r  a  houw.  "  Hlir  «iw 
a  well  of  water,  and  <ihe  went  and  filled  tlie  bottle  with  water  and  avn 
die  lad  to  drink."  Oen.  xxi,  19.  This  well,  the  Caaba  and  the  Uao| 
Btnne,>  were  4-onncct«d  with  the  idolatry  of  the  anrit^nt  Arelij,  L-4-titun< 
before-  th^  tirnp  of  Mahnm«^i.  The  Caaba  is  aaid  to  have  been  buili  hj 
Abrah.'iia  and  Uhmael,  and  it  is  cortain  that  their  nanu-3  have  li>*i-n  noi 
nctied  witli  it  from  the  remotest  ages.     Diodorus  HictUuA,  mentiuna  it 
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being  krtld  (D  gK*x  v«nftnUKm  hy  lb«  Amhs  in  his  (irm*.  [fiO,  B.  C]  The 
crremoiiie*  itiU  performHtJ,  nf  "  ciiRirrling  tlia  OMn.b«  neveii  lini<.-H,  kUsiii^ 
Um  biftck  *UHtiR,  AnJ  drinliinK  of  tf'c  w»iur  of  tbe  well  Zt-mwim,"  l>j  iha 
pIgriRui,  were  practices  of  iW  uncieiil  i<l<il«l«r»,  lUiH  which  Malionict,  >uan 
ulroil  [MtliticiAn,  incorporftt«!il  into  his  aystein,  when  uimMc!  U>  rvpnru 
them.  The  (xmilurt  of  the  pilgrimit  -wlvin  appmnching  thin  well  ftiid 
■Ihultin^  of  i\»  vrutr,  han  iliracL  reference  to  thu  of  linger,  nnrl  to  h«r 
fet:liiig4  wbrD  aoarchiiig  Itir  water  to  preiwrve  \he  tiln  uf  h^^r  expiring 
■on. 

If  we  reflect  on  th^^  infiniie  thIiio  of  vrelU  in  Syria— ^in  t}ie  jealaiift  care 
with  which  tbey  have  atw&ys  been  preservetl^-tliut  while  thtty  Kfibrded 
ggod  water,  liiey  cngl<l  never  lie  loft^tlint  Meccit  ia  one  of  tJie  moNt  ui- 
eiont  citien  of  llie  world,  the  suppoHed  Mewi  of  t}ie  w:ri|itur(!*,  Ueti.  x,  30, 
^-«xul  Out  thia  well  u  tlie  only  one  in  llie  city,  who*e  watera  can  be 
drunk  :^we  cannot  but  admit  the  jNUuibihty  at  hiast,  tiiat  it  \»  lli«  ulenti- 
^atl  one,  aa  the  Arabs  contend,  of  whrise  watera,  Islunael  and  hu  mullier 
took. 
F~Wo  are  not  aware  tltal  any  modern  outbor  has  luul  an  opportanity  of 
"ckii^Iy  exiuiiuiing  it ;  it  bciu^  death  for  a  cliruiiao  to  enter  llie  Caaba. 
"JurcWiarUi  'iMted  tlie  temple  in  the  disguive  oTa  pilgrim,  but  we  believe 
I  hod  not  an  opponunity  to  ascertain  any  particulani  relating  to  its  depth, 
e.  Pun:hax,  quoting  Bartliema,  who  visited  Mecu;i  in  1503.  says  it  it 
"  diree- score  and  ten  j'ards  deepe,"  [310  feet,]  "l}iereat  stand  sixe  or 
^ght  men,  appointed  to  drtw  water  for  the  people,  who  after  their  seven- 
fold ceremonie  come  to  the  bnnke,"  &c.  Pil.  p.  30G.  In  Crichlon's  Hts- 
Icrjr  of  Arabia,  Ed.  1633.  Vol.  ii,  S18,  this  well  is  caid  to  lie  50y-six  feel 
lo  the  surface  of  the  water.  The  curb  iB  of  fine  white  raarble,  five  feet 
faigl).  and  seven  feet  eight inchevin its  uiteriordiatneter.  In  llie  317lb  year  of 
tbe  Hegirti,thcRiirin3liaii5slcwEeventconthousand  pilgrims  within  the  cir- 
c  '  of  the  Caabttf  and  filled  this  famous  well  with  the  dead   bo- 

li^-  v  aUo  carried  off*  the  Black  l^ionv. 

t*lueci>B'«  WELL. — The  most  remarkable  w<.>ll  ever  made  by  man,  is  Jo- 
sh's well  at  Cairo.  Its  magnitade,  and  the  skill  display^  in  its  con- 
strucuon,  wbich  is  perfectly  uniquo,  have  never  been  surpassed.  AU 
travelers  have  spoken  of  it  with  admiration. 

This  «tii[H^iidous  Weil  is  an  oblong  square.  tw«nty-four  feet  by  vighleun; 
being  Bulticioily  capacious  to  admit  wilbin  il«  mouth  a  mraerale  sizikI 
IuM0».  It  is  excavated  (of  these  dmii^nsions,)  thmiigb  solid  ruck  to  the 
j^.,.[.  .1-  ,,„p  iiuodfed  and  sixty-fivx-  foot  whore  it  is  oolargud  mto  a  capu- 
r.  Iter,  ia  the  bottom  of  which  is  fbrroed  n  basin  or  reservoir,  to 

rcfiiv,-  (n**  water  rsiMtd  from  Wow,  (for  this  chamber  '»  not  the  bottom 
of  the  well.)  On  uiie  side  of  tliv  reservoir  another  shall  is  continued,  one 
boodml  and  thirty  teel  lower,  where  it  etnerges  through  die  rock  into  a 
b»d  of  gmvcl,  in  which  the  water  is  found.  The  whole  ileptli,  being  two 
bnadred  and  ninely-suven  feet  The  lower  nhafl  is  not  in  tlie  miuo  ver- 
tieal  litM  witli  tjte  upper  one.  nor  is  it  so  large,  being  Bfteeo  foet  by 
nine.  As  tbe  water  is  lirst  raised  into  the  b«stn,  by  mean:(  of  tuit- 
ehmery  propelled  by  ht>rses  or  oxen  friMnt  the  cAaraf/rr,  it  miiy  bo 
■aliod.  how  are  IJMise  animals  conveyed  to  that  depth  ui  this  tremendous 
nti,  and  by  what  means  do  they  ascend  ?  It  ta  tJie  W]|uti<in  of  tliia  prob- 
lem tinu  renders  Joseph's  well  so  peculiarly  interoHtiug,  am)  which  tjidi- 
eai£S  an  advanced  state  of  the  arts,  at  tJie  pericrd  of  its  eoiutruction. 

A  spval  passsfe-way  is  cut  tlircjiigh  the  rock,  i'rou  the  surface  of  dia 
gTDond.  to  thn  cnumlwr.  independent  of  the  well,  round  which  it  winds 
wtth  at>  goalie  a  descent,  th"l  persuns  ioimiuiuee  ride  up  or  down  upon 


■>6 


Jottj>h'M  IVelf. 


rSnnkt 


X 


Bssot  or  mulc«.     It  if  fix  Tret  Ibar  (n*l 
chtfe  wide,  Olid  ieveii  feet  Iwii  inchM; 
high,     fiutwiwn  it  ■nJ  iiie   uitnrii'r  iif 
the  wvW,  n  wull  of  mck  is  k-ri,  lo  pr<- 
veiit  [lersum  fnlliiiff  int",  or  i-vnn  )nf>fc« 
iiig  ilowti  it.  (which  ill  -  .  would 

Id-cqiuillv  iMfil.)  BXc  p  -ii  r^Ttnili 

Mjtfii.i'ijs,  nr  window*,  liv  iiti'ntiit  «"l  wl»i<rb. 
It  iM  (uinily  lii;lil>-(]   CnitiJ  tin.-  tnlifriur  of  ' 
ilie   wt>ll;  hv   tl>)«  pRssiii;r   thr  Hnimnla 
deftct'iij,  wliicli  Wrivp  ihcmarhinwrj,  thai 
niiws  ihc  water  from  tliP   luwt-r  iibkftj 
into  tlw.re»fr«'pir  or  ba«iii.  from   wfajcbj 
)i  is  vgiiin  t'li'vuiod  hy  umiUr  luachmef 
aud  oiIkt  oxvn   uii  ihn  mirfftce   nf 
jjrtmud.  5rF^>^»wr,   In  ilie  lowcr«httft,al 
TiLith  IE  olsu  rut  down  to  thr  water,  liul 
nojisriiuoD  is  left  bctwopnimoiitlfpo-e!],^ 
il  IB  exircmcly  perilou*  for  «r»og<*r«  to 
lii-aconil. 

t'ht;  Gifuarc  ui'i'inngi  n  ^    ■        '    '   or 
■  iii:li   aide   of  lliir   Uplter   t!  rec- 

inmg  v(  the  tpird  [wstngi-,  diid  dw  og- 
Kog  liucs  inutcaie  it»    directioD. 
wheeU  At  thL>  tup  oarr^'   endlefs   r*)\ 
tin-  'iiWLT  pnrtfi  of  which  r<?arli  <lowt 
water  ;  to  thesp,  partheiiwarw  »»- 
...  ^.L'  secured  b^  ligatiirv»,  9vc  A,  Aj 
U.  equal  diMiutKs  through  th?  wiinli' 
ihetr  length,  to  that  wlieu  the  miirji' 
is  inovi.><r  lliete  veawlB  ft«ci>ml   lull 
traunr  on  one  aid*?'  of  the  wh««l». 
chai^  it  into  trouj^hs  m  they  pi"  nvt 
ihi'ra  (ind    deacead  in  »fi  invort*«l  pt 
Miion  on  the  other,     Kur  «  further  Ji 
^cription  of  thin  appurotn*.  «ee  the  cha| 
tor  pn  the  c/i/itn  of  fiotf. 

Thi*  celebrated  pnidm-fum  ■- 
tJmpR.  it  will  be  perceivt*d,  res* 
enormous  Iwlhiw  «crpw,  the  cwiiti>'  nf  J 
which  forms  the  well,  mid  the  tlii-eads, 
winilinff  Biair-casu  i-ouiid   it.     To  err<| 
of  granite  a  Highl  of  "  geonieiriiil"  «( 
"  well  stairs,"  twu  or  three  hundred  fr 
hi^h,    on   the   surfwe    of   the    ktou 
wnuld    rcquiiv   extraordinary  akill ; 
Though  in  Uie  execution,  every  wd  it 
niloa,  ineMure»,  and   the   liKhl  of  daj 
would  guide  the  workmen  wA  if<twry  *iBp( 
hot  to  oegin  such  a  M-wk   it  th«   tt 
and  cotuilnict  it  do'rnuiinU  by  exravi^ 
lion  alone,   iti  thft  diifk   LiiwcU   of 
earth,  is  a  rno*-  ^   under 

oBpcciaUv  na  d'-  'Oi  the 

line!  couul  nut  be  riftiiadMd ;  y<et  in  Jc 
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trph,'*  well,  the  partition  of  rock  bctwetrn  the  pit  tai  the  poMage-way. 
n:  vTform  inuUiialicm  of  ihv   Inltvr,  seuui   to  liuvr.  twcn  u^certaineil 

s>  [>n.-(nstoii,  Eu  if  tiiL'  whtik-  bud  been  const tuctuii  of  cut  ftoue  va 

tim  raiiscu.  Wiu  tiie  pit,  or  tJiv  pEueagc.  Ibmied  tint;  ur  weiv  thvy  simul- 
luieouftlj  cmrrii'll  va.  uiiil  tiic  cjtcavmi^ii  iuiuv.-a  frvin  ln^li  boriio  up  tlie 
lutt^T  t  I'bi*  cxm-mo  tltiniivH  of  tbu  piknitiuii  wall,  vxcttcJ  the  uioiuhI)- 
jo^nL  i>f  M.  Juniiml,  wtioKe  Hi-citunt  ol  rliu  well  ia  iim-rtcd  in  tho  necond 
volume  i>f  Muiui^ini  in  Nupolcun'*  ^nnil  Wurk  on  Egypt,  psrt  2nd,  p. 
691,  It  IS,  according  111  liim,  but  ki\tuuD  ceuunietreii  tJiiuk,  [nl>out  six  in- 
diMi  '•]  Iht  Justly  remarks  iltat  k  must  have  rcK^uirod  i^inguliir  care  to 
iMve  and  ptvwrvu  »o  «nall  a  portion  wliiln  excavniine;  the  rock  from  both 
sidet  of  it.  It  would  ^eem  iw  Rtrnnger  in  projMruon,  iliaii  «hecis  of 
puucbnord  iilaced  on  edge,  to  support  onv  end  of  ibe  Ktoirs  of  n  modern 
uuilt  boi»e,  for  it  ehould  bo  borne  in  miiid,  that  the  massive  roof  of  lite  spiral 
pasMigc  not  iMe  weU,  liaa  nothing  but  tl)i«  Rim  of  rock  io  support  it, 
or  to  prevent  such  ponioni  from  falling,  as  are  loosened  by  tissui-es,  or 
inch,  as  fpiim  ctuinges  in  the  direction  of  the  simra,  are  nni  firmly  united 
10  tW  ^enrnl  mi^-'.  Km  thin  i.^  not  alt:  thin  luid  insiitlicient  n-i  it  may 
teem,  tne  '  <ier  Itiui  pierced  it  ihmiigh  its  whole  extent  widi  setni- 

drculari)[-<  admit  light  from  the   well:  those  on  one  side  arc 

■Kown  in  liie  ligurc 

Opiiiiond  rvdpecting  die  date  of  thin  well  nre  exceBdin^ly  raritnu,  Po- 
oocke  thought  it  wa^  built  by  a  vixier  named  Joseph,  ei<^lil  humlred  years 
agnt  other  authorities  more  generally  ntuibiite  it  tn  Paladin,  the  intrepid 
defender  of  hia  country  a^iiut  the  hordes  of  European  sn^oufes,  \rho.  un- 
tler  the  name  of  cnisoden,  spread  rapine  and  carnage  through  hid  land. 
Hm  name  was  Vns5of,  [Joseph.)  By  the  common  people  or  Egypt,  it 
hat  long  been  a^  hbcd  to  the  patriarch  of  that  name,  and  their  trDditiona 
arc  often  ivell-foundcd  ;  of  which  we  shall  ^ve  an  example  in  the  oc-- 
OAiinc  of  the  Sicape.  Van  Sleb,  who  visiieH  Egypt  sevemi  times  in  the 
17th  ccmury,  says,  some  of  the  people  in  hi!)  time,  thought  it  was  digged 
by  spirits,  and  no  adds,  "  I  am  almost  inclined  ui  believe  it,  for  I  cannot 
conceive  how  man  can  compass  so  wonderful  a  work."*  This  mode  of 
acccranting  for  ancient  works  is  common  among  ignorant  penpiv,  imd  may 
be  eomJdcrtHl  as  proof  of  their  great  oniitpiity.  I>r.  Robertson,  in  speak- 
ing of  anctont  tnonumenta  in  India,  rvmurks  that  they  are  of  such  high 
ant-'iuit-..  (hni  as  thu  natives  caimoi,  cithi-r  from  history  or  tradition,  giva 
c  (lion  concuming  the  tiroa  in  which  they   were  executed,  tliev 

u: ^..y  ast'ribc  iltc  formation  of  ihcm  to  superior  beings,*'     Some  wn- 

t«5  bclltrVf  diis  well  to  have  been  the  work  of  a  mot*  scientific  people 
dian  any  of  the  cumparntively  modem  possesaora  of  Kgypt— in  other 
words,  Uicy  think  it  the  production  of  the  Eame  people  that  built  the  py- 
raraid*  and  the  unrivalled  monuments  of  Thebes,  Dendandi  and  Bb«am' 
btwJ.  t>a«tly.  Cairn  in  supposed  by  others,  to  occupy  the  site  of  Egyp- 
rian  B^yUtn,  and  this  well  is  contitdcr«d  by  them,  one  of  the  remains  of 
iImi  aneimil  city.  Aniiddt  this  variety  of  opinions  respecting  its  origin,  it 
i>  -  tW  it  is  overv  way  worlhv  of  the  ancient  mechanics  of  Egypt  j 

1  -r^nvTiitiido  exhibits  one   ol  the   prominent  features  which  cna- 

r  ir  known  pniduntionB. 

i.is  cfilehrnted  well  nuule  obloogl  Its  designer  had  cer- 
tainty nia  rca^on^  fnr  it.  May  not  this  form  nave  been  intended  (o  ett- 
fj^wm  more  perfectly  the  interior,  by  sooner  receiving  and  retaining 
Ignger  the  rays  nf  the  stm  I     To  what  point  of  the  compass  its  longest  < 
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Dtloi  coinciili*.  lias  mu  iku  wc  nrv  aware  oC  been  treordotl.  Shonlcl 
prove  in  be  in  t.he  Jirvcduu  oi'  ihn  naio^  uici  vetting  sun,  tiio  rawua 
g*M«],  rnuy  itimsiblv  be  thi:  trnu  otio. 

In  0|nlvy*i  ArriLo,  it  '\s  rviuaikod  iW  at  (be  Jut  tafy  lo  cht>  tnxxth 
Hgypi,  *'  ii  u  liuvp  WL-U.  tula  wiiuM!  bosom  (iu>  aim  ebincs  at  mmn,  vl 
Iw  posBCfl  u>  oikI  a^D  tliruu^h  die  nonbimi  ci^tu."  p.  9f*.  Tbis  U 
MtioB  well  lIiqI  Strobn  meiiLiu&s  m  ^»ylmc,  which  tnerkeil  (he  summer 
nice— tbo  day  wsfi  knowi),  when  the  Hyla  ol*  llic  »iin  dial  raat  no  tbodo  kl 
noon,  and  ibu  vurticui  sun  durUvl  bis  rays  to  thu  bnltom  ol'  t)te  wpII.  ll 
wu  at  Syeoc,  that  EnLtu8lhi>iii.-8.  220  B.  C  tnodu  ihc  Bm  atlempl  U) 
mco^uro  ibc  (nrcumfinvncv  ut'  tlu*  eortb — and  to  iha  «une  aty,  the  pMC 
Juvenal  wait  baniahL'd. 


KEFI.ISCT10MB  O.V  ASCIBXT  WCLLB. 

Bpfora  leaving  tbia  part  uF  Uic  subject,  it  may  he.  rnmarked  tbai  tu- 
clent  woUb  arc  nf  vury  high  interest,  tniifimueh  as  rnsny  of  th«nt  am  the 
nnly  mecnariula.  that  huvc  coroo  du»m  to  us,  vt  tliu  furly  itituiliilaxit*  <if 
the  world;  ami  Uicy  difTcr  from  olmosL  all  oilier  moniitiK^iiM  nl'  man  in 
former  tlinas ;  not  only  in  their  origin,  di-.«ifipi,  aud  dumiidn,  hut  atiove  all, 
in  tl;cir  uT[i.tTV.  In  tbia  rrspfct,  no  barrpii  roititumcni,  of  wl-'. 
magnitude  or  matoriol,  which  ambition,  vanity,  or  jxiwcr,  Kiu  r-rmi. 
lh«'  expense  of  Uiit  labor  and  \\vc»  of  ibe  opprcsfM.-d,  can  ever  Iw 
pared  with  them.  Such  monuments  arc,  with  few  exception^,  pmolV  o 
people's  sufl'ering;*;  and  were  geni-ratiy  frerlcJ  lo  llic  Wtt-ftt  ul"  our 
cics:  whercaa  ancient  wells  have,  tJirough  the  long  itcrieu  uf  n««t  C- 
cnntinually  alleviated  human  woe;  aim]  haTo  lomiMicd  man  wilb  ooe 
nature's  best  gifu  without  the  Icaat  alloy. 

It  wuuld  almost  appear,  oa  if  the  divine  Beinc  had  e>lAbliabi-d  a  law, 
by  which  works  of  pure  b<!ncficcnc«  and  real  utility  should  eiulurt*  ul ••<--• 
for  ever;   while  tliutc  of  mere  magnificence,  however  clabnralei, 
aCructcd.  should  in  tinM  posi  away.     The  temple  of  Solomon — Iii»  (j......  „ 

house,  ivon*  palaces,  and  splendid  gardens  arc  wholly  gone;  but  the  |>:iiin 
cistenia,  which  he  buih  tn  supply  his  people  with  water,  rctnain  olmitst  aa 
perfect  as  ever.  Thus  the  pntfe  of  man  ta  punished  by  a  law,  to  which 
the  most  favored  of  mortals  formed  no  exception. 

An  additional  iniereot  i-i  atiached  to  «veral  wells  and  founuins  of  tlw 
old  world,  from  th>>  frequRni  alluMon  to  ihem  in  th«  Scripture<i,  uid  by 
the  cUseical  writorji  of  Gmece  and  Rome.     In  addition  In  tli"#e  nlrr-tdv 
natned,  llie  following  niay  he  noticed.     Whim  llir   Uraeiilus  t 
"  ihey  came  lo  Etiat,  where  were  twelve  welU  of  water,  and  ■ 
and  tsn  jwlra  tree*."     Now  the  Grove  of  Elim  yet  flourishes;  «:■ 
founuins   have    neitlu*r   incmiucd    nor   dimtniaihed.    aince.the  hr- 
enmmpfd   by  tlwm."     Modern    Lravrlera   in  PakAlirw   oftm  hIUv   ilieir 
thhrt  Rt  the  wi'll  which  bflonj^ed  lo  llie  birth  place  of  David,  thi-'"  WcU 
of  Bethlehem,"  wliose  wiitirii  he  so  greatly  preferred  lo  nil  others.     IIm 
rnhahitanls  of  (^,  druik  of  the  same  spring  which  Hippocmles  u 
twenty  •three  hundred  years  ago:  and  their  tiiviltlSona  still  connect  it 
his  name.     The  nymphs  of  Scyrot,  another  isldiirl  In  tlit^  Kc^^on,  in 
onxly  og***  uL-tembled  at  a  certain  fountain  to  draw  water  lor  d<Hiii 
■uvs.     Thi>i  fountain,  says  Dr.  Clarke,  exists  in  its  ori^iiuil  stair; 
kCill  ll>e  MUM  rendezvous  as  formerly,  of  love  or  uf  ^nilatitry,  of 

*  Wh  am  swu«  ibni  lit.  Slisw— Traveb,  u.  360    i>t>— trod  bui  mm  w«lb-  lis 
that  tlinr.  ditrr  of  Umiiii  Mnli'  lllltMl  up  w'tlh  MUi):  ttul   llir  wholv  H»ra  h)  ' 
short  tune  {m«>iuu>  t*  bu  titiuux  ibciu.  ouil  wa  b«lHi*«  ainea. 
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{KBg  iunI  tiiW  ifttiii^.  Voun^  woiDDji  nwy  be  sv«n  coming  t'runi  it  tn 
fruap^  snd  linging,  vritti  viutm  on  thuir  ixitulu,  [irrri««:1y  **  n?|<r>.'5«oteil 
on  wQcicQt  tnarblt^*.  Il  wiu  ni:  Scvms  wIk^i;  youtic;  AcliiDe*  Wfl«  raiir!cBlpii« 
U«  preveni  hU  (;oin)f  lo  Oio  Trojiiii  war.  H«r  wa*  jtltM-4  ari)Oti<r,  wml  linbttVil 
liVf.  ill.'  Jiiu^hlcn  ijf  L^iMfne<li-a;  biil  UIvmoh  ulroiilv  diswuivrred  him, 
Ij  >  I'ur  sole,  in  the  disg^itse  of  n  peoler,  a  ftne  anit  of  urmur,  wnong 

tt...,t,.-  .  li  wnnicu. 

lloliupoUs,  tlic  city  of  the  Sun,  the  Om  of  Oene«u,  of  whidi  Jo8vph'« 
iWthpr-iii-taw  wu  guvumor  uiil  priett,  and  wh<iii«>  iiilixliilantii,  according 
to  Hcrodotm,  {ii,  3.)  wen*  tlte  iii(*ii  lu^umotui  of  all  the  K^vpliim*,  lUid 
wfecftr  tW  |iliilo»«»phcM  of  Orw^cp  tusenjblcd  to  aci|uire  "ifio  wi*dnm  of 
Etrvfrt."  waa  faniou*  for  ils  foontain  of  vxccUi^iit  water:— (lim  (ouRtain, 
w  ''     -    ■  nbulisk,  ifl  all  that  romaitM  to  point  out  the  place  whore 

tl  V  -lood, 

jVij  iiis,  cisloms  iind  wells,  arc  in  numerous  iustanceN  the 

only  -■  ■■  of  the  iiHwt  ct-Icbrated  cities  of  the  ancient  \mrtd. 

*'■  ond  BaUyion  in  Egypt;  of  Tyre,  Sidon,  PiJioyra, 

N  '  I  liCA,  Darca,  and  rotmy  others;  and  when,  III  the  coarse 

of  tuttin*  agvs.  ibe  remiuning  portals  arkd  columns  of  Persepolis  are 
entirely  dvcayed,  aiid  its  sculptures  crumbled  to  dust :  il«  cifiterns  uiJ 
«imI  aoueduct  (both  hewn  out  of  the  rock)  will  serve  to  excite  the  curi- 
oeity  ol  future  untitiuarie*,  when  every  other  moDDment  of  the  city  to 
wluch  they  belonged  has  perished.  The  featureB  of  nature,  s*y«  Dr. 
Clarke,  continue  the  same,  though  works  of  art  ma.y  be  done  away:  the 
'beautiful  jn^e'  of  the  Jerusalem  teoipte  is  no  more,  but  Siloab's  Foon- 
|it'  "  H'-trs,  aiid  Kedron  yet  murmurs  in  thu  Valley  of  Jebosbaphat. 
A  .  to  ChBIeaiibrian-i,  the  Fool  of  Belhcsda.  *  reservoir,  one  nun- 

dr\id  iiul  lifty  feel  by  li>rty,  constnicled  of  Urge  stones  cramped  with 
iron,  and  liiivd  w-idi  Hints  cniU-dded  in  c*ment,  is  the  only  eptrctmen  re- 
in '   the  aiicit;iit  architet.turt^'  of  ih«t  city. 

.  too,  U  Jiu  more;  luid  the  temple  of  Diana,  Lhnt  according  to 
T'  ■  win*  in  building,  aiid  upon  which  wa*  lavished  ihc  talent 

nt   '       <  I   ilie  eail;  the  pride  of  all  A^a,  and  om;  of  tlie  vrotiders 

of  the  world,  hu  vanisJied;  while  the  Ibujitains  which  furnitJifd  ihi)  citi- 
aeiu  with  water,  nanain  as  fresh  and  perfect  as  ever.  And  a»  a  iremen- 
duu&  MUirc  on  all  human  grandeur,  it  may  be  remarked,  thai  a  few  solitary 
mirble  Hircopha^,  which  once  ettclosed  the  mighty  dead  of  Epheeus, 
have  been  preserved — but  as  tfiuterijtg  trtm^krjor  caitlc  .'"  Cisteriis  have 
hcnn  itl-tcovered  in  the  oldest  ciiaoels  ol  (rreecc.  The  Jhantarita  of 
BommarbtuAt  are  perhapa  the  oriitf  ob^cta  remaining,  that  c«n  be  relied  on, 
ii:  '  <'  ^-  of  Priam  atid  tlie  site  of  ancient  Troy.     And  the 

V  walls  of  tile  temple  of  the  sun  iit  PahnjiTa.  will,  in 

all  pi  !  tnii^.li  men  with  water,  when  other  relics  of  Tadmor  m 

thf  ^  iiave  dLiap[Htared.^ 

ludf,  H  great  number  of  the  welU  of  the  ancient  world  Bttll 
s,.i  ,  ::i  uith  water,  although  their  history  geuerally,  is  lost  in  the 

niglit  of  lime. 


-'Ill,  iu  til*  juiira«>  sonihwui)  fiotn  Dunucus. nys  Ui«  rouatoinal  .'Vasera. 
.1.  mi-klf'  frain  d  fpoai  into  a  luariHs  tratiyli.  wbich  appimn  to  hiivo  tMon 

>i  Ami  cXanf  bv  iti^i  wrll  si  Siara,  ha  otiserTed  frafnenlaoraa- 

ii<  ii*cil  fnt  •  uiniWr  purpaMr      \V«  may  aild,  ihM  Sseed,  ibt  old 

[.1,^11' II  I   >.'  r   '  I   I-  ■•:  II k>  tlmi  Ilie  nlon"  •^otHii  of  Riclmrd  3d,  "m  now  maden  drioking 
mv^  for  liouo'  -i<  n  ■■fiiiiaum  Inn."  Hdiijoii  of  liM5.  p.  Tif7.  ' 

'La(4  !jnBl«J»'i!  I.cu*ni.(10.)— Hiil  Tmn*  l^wUiorp's  Abridg.  iii,  490, 
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AMCICMT  AMtMCAK  ITSLLt. 

As  wells  arc  nmo&g  the  ntosL  andeni  of  nnit'a  labors,  tliat  are  exnuiC 
ta  the  old  world,  mignt  we  noi  expect  la  find  aamc  on  these  contineau, 
relics  of  those  ncpi,  wlio,  in  Uio  unViiowu  dopibs  of  limo,  ore  <ii|ipo«r(l 
to  have  oulli^'OLpd  the  arts  of  m-ilkation  here  t  Wc  might :  and  true  it  ^ 
that  among  thf  proofs  tjial  u  populous  and  much  nu>rc  unligliti^rtcd  MKipl 
than  llic  Indians  have  t>vor  bt>cn,  were  ai  one  time  the  poB««asoni  of  An 
ric^  ancif/U  trelia  have  been  adduced.  "From  the  hiriiest  point  of 
iOhio,  savB  Mr.  T.  Flint,  lo  where  I  am  now  writing  (St.  Charles  on  the 
]Mis»ouri)  and  far  up  the  upper  Mississippi  and  Missouri,  the  more  the 
country  IS  explored  ajid  peopled,  and  tho  more  its  surface  is  pcnctmle" 
not  only  arc  there  more  niounds  brought  (o  view,  hut  more  ineunfi-stibl 
marks  of  a  numerous  population.  Wkli.b,  airrmciALLy  vjki,LEi>.  di 
fcrent  atnicinrcs  of  convenience  or  defence.  Hate  btfm  found  in  tuck  iivi 
hem,  aj  no  htifffr  ta  axitf  VMriotity" 

Bat  vlmrrtortn  antiquities  were  so  novel,  so  unlooltcd  for,  and  so  ins' 
lated  from   tiiose  of  the  old   world,  that  learned  men   wen*  greatly  per- 
plexed Hi  their  Hppvaranct* ;  and  at  a  loss  to  account  for  thoir  on^n. 
IS  ^till,  in  a  }pi-at  mpasiin.',  the  case.     A  mystery,  hitherto  imponctr&bli 
hanffsnvrr  lliu-  prinu-val  inlmhitanls  of  these  continents.     Who  ihey  we 
and  wh(-n»-  they  came,  an-  nroblems  tliai  have  hitherto  delied  ail  the 
»earchi-s  of  anliijiiarians.     Nothing,  jwrhaps,  hut  the  increasing  occup: 
tinn  (if  the  soil,  niiti  excavaiions  which  civilisation  induces,  will  ereoi 
detf  nnine  ih«  4|uei(titin,  whether  iheac  antiquities  ore  to  Ije  attribu 
Rur(i]M>an  settlers  of  ttw;  gixteentJi  cenluryj    to  the  cnt«Tpr:»ine 
vians,  the  Ai/ntA  Alrji,  who,  centuries  befi.>re  the  voyng«'i'nf  f'oTiimbiH! 
the    CabotA,    visited    ihc  shores    yf   New    EngUnd,    New  Vork  iiimI   ll; 
Jersey*;  or  whether  KOine  of  them  did  not  Celong  to  an   indigenous 
Cuthite   race,   whii  inhabited  thtwe  prolific   regions,  in  limes  when 
mastodon  and  mammoth  and  nte^lnnix  M'ere  yet  in  th<^  land. 

Xcr  one  can  reflt^ct  on  the  myriads  of  our  sjHicies  who  have  occii 
this  half  uf  tlie  glolx^^iierhiips  from  time*  anterior  to  thit  tlutid^wiL 
longiug  ti>  kniiw  Momt'thiny;  of  their  history  ;  of  tlinir  pliv*)!^  and  inte 
Icclual  condition;    thmr  languages,  miinticrs  and  an*;  of  the  revulutio 
ihrotit^h  which  diey  passed ;  and  especially  of  ihusie  cireumstdnces  whi 
caused  them  lo  disuppear  before  the  progenitors  of  tlie  present  red  aw 
The  subject  is  oiiu  ol  tlie  munt  iulerestint^  that  ever  exercised  ilie  humu 
mmd.     It  is  calculated  to  excite  tlie  most  thrilliiif^  lensaLions,  and  w: 
h-ive  often  expressed  our  surprise,  tlmt  oite  of  tlte  must  obvious  and  p 
mising  sourciiK  of  information  has  never  been  sullicienily  invei'tiifated 
we  allude  to  ancient  welts,  a  cIok  emmin'ition  of  ivhicft,   riiiL'!)i  lend  to' 
discoveries  equally  interesling,  and  for  more  important,  than  tmr»e  wluc 
resulted  from  a  similar  examination  of  Grecian  wells.     Dr.  Clarke  sayi 
thxt  "  \*Bses  of  Terra  Cotta,  of  the  hight^t  antiquity,  have  been  foutic  i 
clmnsing  the  wells  uf  Athens."* 

Some  persons  may  perhaps  sappose  the  old  wells  in  the  western  pal 
nfthis  continent,  to  oe  the  work  of  Indians;  but  tliese  jwople  lui\'e  iwT' 
been  known  to  make  any  thing  Uke  a  regular  welL     Mr.  Cailin,  the 


■A  Rvnwn  well  wv  iIikhvotviI  hi  tlie  sevanuetltli  n-ntan,  nt-ar  the  grvat  nw 
whirh  leodti  to  Cwrliiilc.  in  KnjtlAnd     Ih-ImhI  uTlMinir  wall«il  U|>  with  «(uu«.  it  «sa| 
lineil  with   \nr%r   CKifc*  or  hattifmU,  hUl  &*tt  rJevp.  aixf  iii»l«  i>r  puii)      Thd  wwll  !«■< 
rmntrnj  will)  iMk  jilsiik  aiDs  iacliei  ijiick.     lu  II  viiit*  fifiiinl  anu,  JradiMV  ny*. 
iWs  mJ  sinw,  liir  M>l«»  •>!'  whir.b  Mr«n  aliichMl  m4  mmtM.     l*liU.  Tmu    Lowibura'^ 
Atttdf.  iii.431.  ^ 
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rbo  spent  «tght  yrarm  junon^t  l}in«e  An  the  apprr  wuen  of  tfiu  Miuu- 
jpi  and  Miuoon,  and  iiniityirr  gnntlctnan  wKu  tiad  tone  been  enst  of  the 
nnky  tmrnnUins,  amoof;  tlic-  Ftal  Heads,  luid  othirr  Inbes  towards  lii( 
Puilic,  both  iarorni  us  Uial  tJie  wild  and  UDtiitornd  lndian«  never  Inir' 
rrcoiirjie  to  wrlls.  Thu^-  in  faui  hftvc  no  nt-cd  of  lht,>m.  lu  tb«ir  villa 
are  inviu-iiiblv  locat^-d  on  iJie  borders  or  vicinity  of  river*.  In  sfltne  a 
of  Boffcnng  from  tliirsl  wliile  traveling,  they,  in  common  with  other  mym 
cu*,  somcamcs  8cn{<e  »  \ui\e  in  sand  or  WL-t  »oil,  to  obtain  a  Utmponry^ 
aappljf. 


CHAPTER     VIII. 

MMiil  «Mk«J*  >A  (luiux  TMar  ((MB  wall*  :  ImUbM  piMM— 8>Mn  Mllllla  Vf  lb :  In  HHSjinUMla 
ilifMHik— JiwdMlaik— rmM — luilu— <in*F*— Tl»*» — Ea|laMl-^3ur4    aad  biickri  :  IJimI  M  i»- 
<A'*  «vll— kf  tfespaWMffto— )l*b<>iuct-~1a  PalattiB*— lBdi>— Alixai4rt*— AnbUn  VUlor^noiBit  >•- 

>n     111!     It»ti  iiliiii  > 1^  PB«|»tk-W*lU  nitliia  Ar  baMM  of  Uio  Ulld  (H);—AUpitn—T<fn-~ 

rnrlMii     rtewiWi  Om  '  Wall  Dnwn"  dT  Atbnu,  w<t  mikhmt  af  Xvno— I>cm>itTlius— rtaMtBt—Ai- 
rtvfiMUa  aad  HaasAnai**— TWrt  ■  |ii>lh— Knnan   clMcra  ami  tmmrM — AncieM  BUMka  oT  pwif)rla| 


Wk  arc  now  to  examine  the  nodes  pmctiscd  by  the  ancients,  in  ob- 
tainine  watrr  fnjm  w«lls.  VVhrn  the  Rn»l  simple  excavatioiis  hecame  so 
f"  '    That  th«*  water  could  no  longer  be  rraehed  by  a  vessel  in 

moAn  of  readily  procoring  it  under  imeli  cirrumstances 
wv.uUl  v>.>:.  1m'  drviRcd.  In  fell  cases  of  moderitK'  depth,  the  mo«t  simpli 
and  i'tBi-i<>nt,  was  to  form  nn  inclined  plane  or  posMige,  from  the  suriiua 
of  llw  jjround  10  thiit  of  the  water;  »  device  by  which  th«  principal  ad- 
%-sta^:n  of  anofM'n  ♦pring  on  the  surface  were  retained,  and  one  by  which 
domt^tic  animals  cnuld  procure  water  for  themuelved  withoOT  the  aid  or 
attendance  of  irwiti.  Tlien.'  Is  reason  lo  believe  thtit  this  was  one  of  the 
|irimitive  methods  of  obtaining  the  liauid,  when  it  was  btit  n  shorT  dis- 
tance below  the  siiriuw  of  the  grouna ;  and  was  mnsr  Ukely  impercep- 
tibly introduretl  by  the  gradual  deepening  of,  or  enlarging  tlie  cavities  of 
natoral  nirir>gs,  or  anificia)  excavations. 

But  worn  in  process  of  time,  iheso  became  loo  deep  for  exterior  pas- 

■Mgev  o!'  thiB  knid  lo  be  convcoient  or  practicable,  tbe   wetla  tbemselvc 

^•ere  enliirgrd,  and  atatrn  or  utirp*  lor  df-wi-nding  lo  tbe  water,  constructet 

•■■     "        '  '  in.     The  rjrciiin^twncir*  reconJed  in  Oen»wip>,   xxiv,  indure  ub  lo 

'  it  thf^  well  nt  which  Elie/*r,  the  ^lirward  of  Abnduim,  mot  Re- 

l  "  one  of  thf»f,     Whtm  thr  formtT  i»rriv<-rl   at  Nahor,  he 

(  '•  to  Itrcfl  down   without    ihr  city    by   a    well  of  wufer,  at 

I  ihni    uomi'it    go   out    to   draw    U'»ter :   and    Rebecca 

I  I  i>itchrr  upon  hv-r  »)iouIdr-r— hoiI   *he  went  iltucM  to  the 

'I  lied  her  pilrher  and  carrw  tfi."      Had  mny  Tnarhinr  been  attached 

t  fl,  lo  FUMr;  tt»  water,  or  had  a  vemel  sua|>endeil  lu  «  cord   been 

uved,  she  could  have  liad  ih>  orcasiun   to  descend.     It  iberofore   appears 

tl..f  .).,.  i.ffuul  was  oblatned  by  immerving  the  pitcher  in  it,  and  in  order 

tiie  ptfDKons   '  wont   down'  tu  the  water.     That  this  well  was 

-  -'■   be  inferred  from  the  ftrl  thiit  Re[)ecca  drew  water  euffi- 

r  I   the  thir«t  of  ten  cumeU,  for  it  Is  said,  (the  supplied   them, 

I  3>.i  done  drinking  ;"  a  task  which  no  young  female  could  have 

'^d  in  thr  line  impli*^  in  the  text,  if  this  well  hail   been   even 
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moderi)tt>]_Y  deop,  Hnd  onu  wliicb  attJer  alt  circomHJuiccit  wiu  •  Ikboriuil 
poiTornmnre  ^  for  (iHtMt  unimFtis  Uikc  «   pradi^uus  qiiuiuiv  ■>!*  nnUir 
a   tiim;,    sulficivtil  to   bi*t   llii-rn  from  tt!»  rn  Lwcniy  dft_)«.      Blirurr  migl] 
wrrll  u'ondcr  ul  tliu  ingRinimia  luiij  In^nuvoli^nl  di3t|M>*tiion  of  lti;li<;cc*, 
wvifry  rcndor  uf  tht;  Account  i«  ei)iiiLllv  wurnruwd  at  his  inteuMiliiUv.  in  | 
miltini;  bur  to  ^M:r(nmi  the  lulK>r  iiiinided  bv  himself  or  bi»  ftUendnnw. 

Welle  with  )itnir»  liv  which  to  dt!M:cnd  to  llx;  wwter.  xre  atill  room 
ITic  inlivbitnntx  of  ArWettu  in  Abywima,  urn  supplied  with  w^ttT  from 
W(?llit,  u  liich  nre  twenty  ftrft  df_(-{i  tuxj  ttfteeit  in  dinmrinr.  The  w«l 
U  Rciili^clcd  Niid  caiTted  ti/i  a  hrt/km  tucent  liy  men,  wotiitm  and  cliildirr 
Fryer  in  Iiik  TmvcU  in  India,  p.  410,  apealui  of  "deep  wtrlU  many  fntbti^ 
undnr  gniurid  with  tiatritf  Kt<mr  utairn."  Jouiepb's  well  in  E^pt  i*  lui 
tlier  exiiiiiplH  uf  main  l>utli  witliin  uid  witliuuL  Bishoit  ]l4>ber  i>lu^r^-i 
o»H  in  ll^ituinm,  with  a  tuwer  uvt<r  it,  and  a  "  sleep  flitfiil  of  4lep:«  fur  de 
BiCMridin)!  tii  i}\f-  water."  Forrest,  in  his  Tour  alou^  tlte  (Jan^H  a::i!  llii 
Jiimitii,  Miya,  "near  tim  villoji^  of  Futtebpore,  is  a  larp-  well,  nineiy  fr( 
in  *:ipctjinfi;rciici',  with  a  brtwtd  »lone  tuan'ciue  to  descend  lo  tlit  univrf 
which  niii<]it  bt-  about  liiirty  feet."  Mr.  Forbes,  in  his  Orioittftl  Mttnuir 
remarks  thai.  "  many  of  the  Guu«rst  wells,  h«ve  steps  leading  down 
the  Mater;  while  others  have  nm."  In  •  preceding  p^^t  w?  (]uoied 
p9M»tLge  fnim  Ward's  History  of  die  Hindous  to  me  same  eflect.  Ti 
vernier,  speaking  of  lite  frcarcity  of  water  in  Persia,  say»,  of  wells  ihej 
have  a  g^resl  mnny,  ;ind  he  descrilMfs  one  with  steps  down  lo  the  wmterj 
*•  We  passed  s  targe  and  well  built  Uuik,  with  tuv  ^t^hU  vf  atvpi 
Kending  into  it,  at  the  opposite  luiffles,  possibly  the  pool  of  Hebioii,  whei 
David  hanged  the  murderers  of  Inhbosheth.' '  Tlie  fountain  of 
is  ruached  by  a  d>-8c«nt  of  thirttf  steps  cut  in  dm  solid  rock. 

The  stoall  (juaotiiy  of  water  furnished  by  sonw.-  wellu.  rendered  a  de- 
svciit  to  it  desinibk-,  and  hence  it  was  often  coUei;U-d  as  fan  as  it  uppeoml. 
by  wotnet)  who  often  waited  for  tliat  purpose.  "  That  which  pltwaed  me 
iiMWt  of  all,"  Bay*  Fryer,  p.  12(>,  "  was  «  sudden  surprise,  when  d)c 
brought  UM)  to  the  w-rong  side  of  a  pretty  »c|u«rv  tank  or  well,  with  a 
of  Moiip  breast  high:  when  expecting  to  find  it  covered  with  w«ii 
looking  down  five  fathom  deep,  I  saw  «  cluilrr  of  wonirn,  verv  ItnndwOM 
tooietMg  die  disliliiog  of  di«  water  from  its  d«wy  aides,  which  lh«y 
in  jnra.  It  is  cut  out  of  a  black  marble  ruck,  up  almost  to  the  tnu,  wig 
htDuti  9tfipK  to  go  tloN'tt.  Mr.  .\ddison  in  b>»  '.foumey  Suutliword  fn 
Oaniascus,'  eay«,  **  at  Uiw  fpuutmin  near  D'jnnnec-n,  the  wonwti  used  tli< 
A(j«J*  IIS  Ia<lles  f  fill  their  piifhers.  This  jtcarcity  of  water,  and  tlie  pr 
ticu  of  iKHiupiug  it  up  in  nnall  i^uuntitics,  ore  referred  to,  by  both  is 
uid  profane  ouihoru.  "  They  came  to  ibe  pits  and  found  no  water, 
returned  with  their  vessels  empty."  Jer.  \iv,  3.  "  There  shall  not 
(bund  of  it  u  sherd,  [a  iKrtU*r'e  reit»ei,J  lo  take  fiw  frwn  die  heari>i,  or 
take  wiittjr  out  of  dw  pit," — thai  is,  t-o  s<.-oup  it  up  when  loo  ithoilon' 
inuuenw  d  *a»o  or  pircher  in  it.  Isaiah,  iu,  H.  Sl  Peter  vpimlu  of  welb 
'  widiout  wiiter,'  and  Hosvu.  nf  *  fnuutoiits  dried  up.' 

TlH!  water  nynaphs  laiiienl  tli«ir  r'Uipt)  nnu)."     (hU.  Ua.  ii.  Y7K 
The   inhabitauu  of  Libya,   whpri>   tiie  well*   often  contain   Imie   water. 
"  dr;iw  it  oat  in  litde  bucket)*,  mtiile  of  the  fhank  bones  of  the  canrel.**" 

Wells  with  sturs  are  iioi  only  of  -verv  remote  origin,  but  thoy  "ppe 
to  have  been  used  by  all  the  uations  ol  antitjuity.  Tbey  were  coinni' 
among  the  Greek*  and  Rontus.*     The  well  mentioned  by  Pausuita*. 


•E<l   Earyr.    An.  Arkatia.    'I'tmUaTrav.  iW,     *LMrtr1lTft>-  l-rt-  »• 

*<)filvj'»  A{n<-^3M.    'I.wituor'a  Am  ufthe  UnteksutMOaai-  I.  iSd. 
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wbich  we  have  ^Itpn  in  k  previous  chapior.  baji  dteps  which  I««d  dowii 
U)  tho  Water."  Tht!  wpII  for  ihc  ptirification  of  wor>liippfr<,  in  the  t»m- 
plf  of  Uis,  ill  J'ompcJi,  has  ^^.  Hpsrcm  bv  stt-ps  to  ihp  waier.''  The  well* 
of  Three*;,  had  ^piiurmlly  a  covftred  flight  u(  atcp*.*  Ancw^t  wells  of 
cuniLar  cooalnjcuon  an?  snll  m  ho  «n>ii  in  varttnw  part*  of  Europe.  There 
is  oat  nmr  Hempsteul,  Knp.  for  ihi?  proirclion  of  which,  an  net  «f  pur- 
lismvot  WM  patfofl  in  thp  rrign  of  Henry  VIM. 

Syrh  ■Wells,  probahlv  pnvp  ri-i.?  ro  rhp  Waiitifiil  rirculnr  ■tain  »o  com- 
mon in  oM  uiwcrs,  nnrt  siill  known.  ■«  '  wt^ll  siairs.' 

In  Unlvcdtun,  (Tpxha.)  and  othrr  parts  of  AnM^rica,  whtiro  tbare  «m  no 
^rin^  ctstrma  are  sunk  ia  the  MiM  iKtwoeti  hillockc,  into  which  tb« 
wmtor  dmuifi,  and  stepa  arc  form^'d  to  lend  down  to  it 
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HflWi!V«>r  old  and  nurnemus  wftU  with  niairs  within  them  may  be, 
moat  uf  lh«>  aiici«*nt  him^h  wt^re  cousEnicted  u  itiiuut  them  ;  hi>nc0  th«  nc- 
OVMtity  of  aOTiii*  iiKido  of  rni.iiii^  the  waier.  From  tht-  earliitxt  ugvi,  a 
«(faa<*I  tutfi^iu/eti  Iv  a  card,  \r.u,  iwwn  U»ud  by  all  nations— a  dovicr  more 
•  Et  '  more  PxtHimively  cinploy«l  than  any  oUier,  and  one  which  wa* 

U-.  ■.  tlie  i(<-rm  uf  the  most  luefiit  hydraulic   machines)   of  the  an- 

cw4iii*,  >t>  ibe  chain  of  poU,  chain  pump,  &o.  That  a  cord  and  bucket 
W^m  u**'d  lo  rai«*  water  from  Jacob's  Well,  ninctccti  centuries  aa;o,  i« 
■videtit  fr^tro  the  account  of  the  interview,  which  the  Savior  had  with  the 
wotmui  of  Samam  at  il.  "  Then  coineth  he  lo  a  city  o(  Samaria,  called 
Sioksr ;  now  Jacob's  well  was  there,  and  Jesus  being  weaned  sat  on  the 
\rr-'\\  •  «i,,i  ibere  comclh  a  woman  of  Samaria  to  draw  water;  Jesus  saith 
u  ive  me  to  drink."     Had  any  machine  been  attached  to  this  well 

■I  i^.j ^,  by  which  a  traveler  or  •tranger  could  raise  it,  he  could   have 

procanu^  it  for  himself;  and  as  he  was  thirsty,  he  prububly  would  have 
done  «f,  wilhoat  waiting  for  any  one  to  draw  tt  for  him  ;  bat  the  reason 
why  he  did  not,  is  subset^uently  explained  I>y  tho  woman  herself;  who, 
(i^  lo  one  of  bis  remarks,   the    meaning  of  which    she  misappre- 

h-  •\  "  Sir,  thou  hasi  nolbine  to  <iraip  with,  and  the  well  is  deep." 

T  -ady  remarked,  ia  one  htindn-d  and  five  feet  deep.      Hence 

B'  ^-ry  one  earned  the  means  of  raising  the  water  with  him. 

N  ■.■  iiliiHlrations,  is  a  representation  of  the  woman   of  Sntnaria 

tl-  frr.     Ir  -5  f-'z-rr.  3  Greek   illuminaLed   manuscript  of  the   12(b 

f  :i>riii  Doll'Arto. 

^  '■   in  the  oast,  for  any  one.   who   go«s  to 

rnr  Tnp    IfH         •Pnnjpi.ii,  i,  277.        ■  Hydnuilia,  IW 
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dnw  vrniur,  to  carry  a  veawl  arid  cord  uiih  him,  a  cusiom  wittdi  withoN 
doiibi,   hu   pn:vailud   there   since   lite  patnarcluil   a^va.     This  wa>   dij 
'opitiiuii  of  Muliotaut,  wliusi!  tpatimon^-  on  such  a  eulijpi-i  tn  uucxci-|>i 
)ile.     Uu  was  an  Arab — a  pvopln  who  [iridu  themsclvpit  on  the  p 
tiuii  of  tlie  ciucome  of  ibvir  c(n<!l)rai(.'d  axiccsWrs,  Ahi'uliaiii,  Isbr 
Job.     la  liis  account  of  Joscnh's  detivuruiice  fnim  ihc  pic,  inio  wl 
Imschrcn  hud  ani  him,  (and  which  many  comniFtitaiors  bcUovc 
wull.  which  at  th«  time  cnniained  Utdt-  or  oo  wairr,)  he  says ;    "  CortaE 
travi)li!ra  caiiit.-,  and   sunt  onr  u>  draw  \vuK?r,   (who  wclii  lo  the  wrll 
which  Josuph  was,)  and  /u   lei  dawn  /lit  huckfi"  &c.     Koratit  ^hsp.  xil 
Thu  arcuunt  is  pL-rfccUy  ooiisisient  wiih  Uiat  of  Mobcb.     Josephus,  ois 
sefiiw  lo  hav«  bulitivvd  it  to  bo  a  well :    "  Rmibol  took  th«  lad  and  bfH_ 
him  tu  u  cord,  and  let  him  down  guiiUy  into  the  pit,  for  it  had  no  teaitr 
ia  it."     Aiitiq.  B.  ii.  3. 

.Al    3  o'clock,   (Mva   Mr.  Addison  in    his  "Journey   SnufhtrarJ Jn 
Danuucmt")   we  rode   to  a  well  (in  approai^hitig  Canit  of  (.inljlcr)  in 
field,  whcnt  an  Arab  was  watering  hii   goats.     There  was  a   long  stov 
inm^h  hy  the  side*  of  the  well,  and   (his  was  filled  witli  wsioi-  hy  mt 
of  a   k-athcm   bucket  attached   to  a  rope,  whleh  the   Arab  rarrttd 
ttnth  Aira,  for  th<;  rotivctiicnco  of  himself  and  his  herds.     It  was  just  sii„ 
a  KOtnr  at  that  dtMcribcd  in  Gcttegis  :  **  And  behold  a  well  in  the  nrtd.  at 
lu,  tlicrc  were  three  flocks  of  sheep  lyio^  by  it,  far  out  of  tliat  well 
Watered  their  flodta,  and  u  ^re&t  Monc  was  upon  tlie  well's  moatbj 
Among  the  ruinii  of  Mtzrm.in  toe  grvat  plain  of  Jt-zreel,  the  Nune  tmvcli 
oljwrver) :  "  Surprised  at  the  dcMNato  aspect  of  the  spot,  I  rode  w\A 
svnrant  to  a  well  a  few  yards  distant,  where  I^vo  sotiinry  men  wf 
waterin|^  their  ^nts,  hy  means  of  a  tfathtnt  buelcft  aliaeftta  to  a 
and  dinmoiinting,  t  sat  on  tht*  atone  at  the  well's  mouth."     Mr  Fort 
aft^r  a  rewdence  of  many  yean  in  Asia,  said  he  "did  not  reeolluct 
wells  furnished  with  buckets  and  ropes  for  ch/t  convenience  nf  Mnr 
flKut  travelers  are  therefore  protidrj  idth  tJkem  ;  and  holcarnu  at 
eioiu  pilgrims  freiinently  carry  a  smaU  bnua  pot  allixed  to  a  Inng 
Kir  ibis  puq»ose-" 

In  ancient  Alexandria,  whore  the  arts  werrt  cnltivaLed  and 
flourished  to  an  cxiftnt  pcrhaiis  unequoled  in  any  older  rity,  watr^r 
drawn  nn  frnm  the  cistcnti,  wilh  which  every  house  was  provided,  wit 
the  simple  cord  and  buckeL  Tins  city  was  supplied  wtih  wiit4>r  from 
Nile:  it  was  admitted  into  vaulted  reservoirs  or  cisfnis,  whicli  vrar 
constructed  at  ihc  tim«  the  foundations  of  the  city  wen^  Uiil  by  AVxandc 
ThM  wen-  suDiciently  capacious  to  contain  wattT  for  a  wbolo  year,  boJr^ 
filled  only  id  thi^  annnal  inundation  of  the  river,  thntu>rh  a  cnnul  tiiade  (n 
thr  purpose.  Apertures  or  well  openings,  through  whn:h  ibn  wiiicr 
raised  from  these  Fe8«T%'otrs.  oru  still  to  bo  seim.  "  ^Vtmle  lines  of  ancii*!! 
streets  ant  trac«nbl<t,"  (says  Lord  Lindsay,  Travels,  Letter  2.)  "  bjf  t^ 
tCfiJa  recurnnu  rrrry  utr  or  xrrnt  yiirdg  :  by  ivhich  (lit!  ronti^uotin  hut 
long  sinci*  crumblwl  awsy,  drvw  water  from  tlm  v«»t  ci»iern»  wilii  whlc 
tho  whole  city  wss  nnderminvd." 

"  Every  hduat;,"  nv*  Rollin,  "  had  an  opening  into  its  ci<t«-ru.  likn 
tnouth  o(^  well,  through  which  tlie  water  wss  taken  up  either  in  buckv^ 
orpilchers."     It   inav  h«  said,  this   lost  tjuotation   i<  tuji  conctuaivti,  sine 
it  does  not  indicolo  ttiu  nvuiner  in  which  ttit*  bucket  tvas  elevntud — by 
windlass  1  a  pulley  t  iir  by   thn  band   alone  I     We  have  «>': 
dence  that  it  wtts  by  the  InUcr.     The  jxiveraenlof  tlmold  <  i  ti<l 

to  thirty  feet  beluw  lh«  surfuce  of  dm  modem  rtreets,  and  c>; 'u  i 
fV«qoently  nude  by  the  I'aslia's  workmf  n.  lor  ibe  vloiwi  of  ihr 
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hmwI  ftisd  of  tba  building*.  Tn  tftia  iniuiner  tbe  marble  mouOis  of  tbc 
vulttHl  nwerroi™  or  cirtums  nn-  frp^juentty  brought  to  light ;  tit.  Jotui'i 
Ec^rpt,  vol.  L  8 :  vk)  ihey  iimaritt^y  exhibit  trarcf  of  Mf  mjwj  ummJ  for 
mising  th»  waler.  Oroom  nrv  fnund  worm  m  tkrm,  (by  the  ropes)  to  tho 
fiUi  of  two  inchox,  aivl  mtrh  {^movnit  arc  otVen  numerous  in  each  curb  or 
soth.  Dry  weU*  an*  bailt  over  «>iiie  of  ilieso,  and  cmiinucd  to  tbo 
Vvel  of  the  preaenl  ulrfeti.  Through  them  the  itihabilnnts  still  draw 
w«t(«r  from  the  aiw^ienl  rewjrvoirs ;  iind  in  the  samo  manner  u  it  wns 
mitwl  from  ibera  when  ih*^  Fli>!r«(nii'!'  nilvd  over  (be  land.  A  nr»r*on  in 
niicitig  tiie  bucket,  ■lunibi  ai  »  «h<irt  di:«(ancp  from  the  curb  or  mouth,  vid 
puil»  Jie  rop«i  horiroiiiaily,  or  ue&rly  no,  towu-d>  him.  In  lbi»  way,  the 
top'  rufiM  a^aifut  tin-  top  and  ituute  of  tluj  curb,  and  in  linw  wenr*  d«tp 
"^imvea  in  it,  bucIi  u  are  fonml  in  ihc  uncurnt  oniw  jiuH  riK'ntioiMMi. 
)me(imes,  in  order  tn  avoid  tbe  frtrtioii,  ami  roiiiUMiwni  Jon*  cif  powor 
nnd  wtar  of  ibr  ropes,  iJie  [M^rsitn  drawine  wmiM  Mtatid  on  lliii  ed^a  of  lh« 
curb,  sn  ii«  to  keep  ibc  cord  clear ;  bat  die  practice-*  r»  too  iteriloas  ever  to 
IwTe  been  genera).  It  is,  however,  praouied  occutontdly  by  ibo 
HmdoTM. 

Bl  MakJn,  tlie  Arabian  hiftorian,  says  thai  MoclacA,  ihe  Vizier  of  Rhwli, 
'crho  wu  deprived  of  his  right  hand  ajid  his  tongue,  and  waa  confiited  in 
a  lower  room  of  the  palace,  where  waa  a  well ;  and  having  no  person  lo 
ntt(>nH  him,  he  drew  water  for  himself,  pulling  the  rope  -with  his  left  bMitd, 
BiiH  stofipin^  it  with  his  teelfa,  till  the  bucket  caine  within  his  reach." 
ThU  wa*  in  lb>r  lonth  century,  Marligny'a  History  of  the  Arabians,  vol, 
IT.  7.  llir  wr'IU  on  tho  road  to  Gaza,  noticed  by  Mr.  8(ephoiw,  hod  their 
upper  *«rG»rir»  fimirHl  of  marble,  which  he  observes  had  m»ny  grooves 
cut  in  it,  "  ap|iart>titly  being  worn  by  'be  long  continued  iitv  ol  ropes  in 
dmwing  walvr."     Inridenls  of  Tnivul,  vol.  ii.  102, 

That  thf  samti  modr  of  nitsing  il  was  adopted  in  the  puUic  wuUs  of  the 
■n-ni  riti^«  111'  (Jrttei-i-  iind  ltnm<r.  is  evident  from  thooe  of  Herculsnuum 
kI  Pomprtii;  awl  fr»nn  diwovtrirs  made  in  the  latter  city,  it  is  obvious 
that  it  wss  practiaed  in  olitainmg  wvter  from  die  wwlls  and  cisterns  of 
f*rt»aU  htnuta.  Thnt  is  a  very  inlomsting  fart  in  connuctipn  with  our 
■tt^lieet,  ui  it  shows  conclusively  that  the  pump,  if  uxeil  iit  all  by  tho  Ro- 
■iMnv  in  their  private  hou<(e<,  it  w!i*i  only  lo  a  very  limilpd  iixtent-  [n 
tCCl'l,  beiides  theatres,  batlis,  teinplea  and  otlier  pulilic  buildingv,  eighty 
bou«/*s  h4ul  beiMi  din  interred.  These  were  Ibuml  (o  be  Dlmoxt  nmformly 
ptvvidvd  with  cuttemif,  buili  under  ground  and  c«ni«nled,  tor  the  collection 
of  nun-water.  £ach  of  these  hu  an  opening,  enclosed  m  a  curb,  through 
which  th'.'  water  was  drawn  up.  Tbew  are  generally  formed  of  a  wbiio 
"  irpr»u»  stone,  w*  kiA«M  are  to  be  lem  derp  thwai^.  (Pompeii,  vol.  i. 
iikr  ihoao  on  the  months  of  tlie  Alexandrian  cisterns,  and  produced 
fVom  the  wme  cauae— tbe  friction  of  the  ropes  used  in  drawing  the  water. 
Th''  tivrs^thruiQ,  says  Sir  Wdliiim  iiifW,  in  his  description  of  the  bouse 
«.■  -'uri.  in  this  case  served  asacompluvium  ;  recei^'ing  tho  water 

■\^  'rom  tlie  roof,  and  transmitting  it  to  a  reservtHr  below,  to  which 

ibvre  IS  a  marble  mouth  or  pniea],  exhibiting  the  traces  of  long  use,  in  the 
>ws  mom  h}f  tMf  ropet.  by  which  the  water  was  drawn  up.  Pompei- 
Tol.  ii,  37. 

I...  — ,.,n  variety  of'baildinga  to  which  wells  and  eistems  having  their 
'vom  were  atuched.  show  thai  this  mode  of  raising  water  waa 

nrptr.v  ver«al   m   Pompeii.     Tbe  simple  cord  and  huckot  was  cqaally 

uivd  in  th<<  palace  of  the  qua>stor,  and  the  humble  dwelling  of  the  private 
otnarn,  h  Miis  by  tlium,  the  priests  drew  vraifit  for  tlie  usm  of  tha 
lMnple«t  aitd   moohanics  for  various  purposes   in  the  oris.     Bakers  thoa 
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^.raised  WWec  for  tbeir  kiiutuliug-trouKk*.  frrnn  cjsterns  or  well*  umltM  tIi* 
)ur  of  their  aliuifs.  Thrtm  Lmkttrt'  sbupit,  uc  tt!«it,  lia^'c  Iteeu  t- 
of  Oieiu  iu  a  iolerat>l(>  suili*  of  prtftM:rv«iit>u  ;  tbeir  tnilb,  owt-.  _ 
iug  trou^iS  flour,  Wave*  of  brtmd,  (witli  tlwir  t]uiklJt_v,  or  die  baksr 
nuines  «tuuped  on  lh«cn,)  ton  veil,  vestwUfor  coritaliiini^  water,  vnd  their  i 
servoire  of  llie  lulter.  ice.  Iiave  lievo  discovered.  410  w  t«  lu*«-i!  aJmort. 
uotiiiDi;  wauiiiis  to  perfect  our  kiiowIt-J^e  of  thin  art  iuduii^  ibe  Rauua*. 
It  15  proUttblu  lliu  welU  wen*  not  iufrvquL-ut  iu  tlte  mteriar  of  the  lnMuea 
iu  rouipeii,  lor  iuiuthur  one  vrua  dacoverml  in  ll>e  lioiuu;  of  a  medical 
uuui,  as  pivsuoied  Uoiuc^furgtcai  tHttrviHenU  fouud  io  ti.' 

Tiiu  cusloiii  of  RoDion  bakers  tuivi[i|f  wejis  or  oiUarua  witlitn 
lioUBed,  continued  tu  moduru  times.  Wtien  xha  Uoyal  Acaileniy  of 
eucvft  of  Fiajicu,  uucEertook  in  tlie  Itut  cucilur^'.  tJiv  noblu  \aeif,  of  jiu^ 
lishiug  &  detailed  nccouot  of  olJ  iku  useful  arts,  with  a  view  lu  Uieir  uniJ 
■rersal  difTusiuu  and  perpetuity — llie  baker  is  reprGiDiiied  drawing  water 
from  a  woil,  under  lite  Huor  of  Ititi  ^huji,  and  m  a  inanuur  anaMiKoufl  to 
iIihX  pracuscd  liy  his  predeccaBors  of  Pompeii.'*  Loiulon  bukrr^  also  bad 
wulU  in  their  cellars,  fur  the  saioi!  purpose,  and  probably  atjll  have  thst 
III  Home  exteut. 

The  inhaWitanta  of  the  city  of  Aleppo,  the  meiropcdia  of  Syria,  dr 
«-sler  from  their  cistemii  or  subiernuteous  reservoirs,  and  abo  frttrn  ibm] 
wells,  with  vrhiizh  'almost  overy  house'*  waj  provided,  witb  a  cird 
bucket,  in  the  same  manner  aa  tJie  Kj^j'ptians  of  Alexandria ;  and  wi 
t]io  inhabiuinui  of  Soar,  which  occupies  the  situ  of  ancieul  Tyre,  a  Ws 
which  contiuned  in  1S16,  acconling  to  Mr.  Buchinghatn,  I'iifht  hiindt 
eUine  biiiU  houses,  mo!)L  of  which,  ha  olwerves.  bad  wells.  Ancicm  Car 
tbage  was  built  like  Alexandria,  upon  cisterns — s  common  practice 
•lid.  The  modem  inluihitantB  of  Antcw.  the  ancient  Arsenaria,  as  ohsTrre^ 
by  I>r.  rihaw  in  his  Travels,  dwell  in  ihe  old  cisiema,  as  in  so  many  he 
vcU;  the  walur  from  whiiih,  was  doubtless  dmwii  in  former  times,  hy 
simple  cord  and  bucket — the  vniveraal  implrmmia  still  uacd  ifamiighou 
K^-pi.  Palestine,  Syria.  Asia  Mitior,  Persia,  Hindoatao,  bikI  ^Micndlj 
through  all  Uie  eaab  This  primeval  device  for  raising  water,  has  boeal 
uaeil  io  all  a^s,  and  will  doubtlcas  continue  to  be  so  uaed,  to  the  sad  of 
time. 

An  itttDresUng  circumstance  is  recorded,  respecting  an  individual,  whi 
from  his  occupation  in  ancient  Athens,  was  niuned  ihc  '  W'ell-DrawerJ 
which  may  here  bo  noticud.     This  wu  Cleunthc«,  ■  native  of  Lydia.  whi 
wont  ti>  Athens  as  a  wrestler,  about  300  B.  C.  and   acquiring  a  taste  fa 
philiMHiphy  there,  determined  to  plaee  himself  under  the  tuition   of  «oc~ 
eniiiteiit  philosopher,  ulihough  he  possessed  no  marc  thnn  four 
or  aixty-two  cents !     He  becaine  a  disciple  of  Zeno,  and  ih&t  he  >- 
leisure  to  atterkd  the  schonb  of  philosophy  in  the  day-ilmc,  h>  rc 

night,  as  acommon  laborer  in  tlio  [luhltc  f^ardons.     For  sovci  1 
■i>  Very  poor,  tiiai  he  wrote  llio  heads  of  his  master's  lecturer,   on   be 
and  shells,  for  want  of  money  to  buy  better  materials;  at  lost,  some 
ilian  citizens  obscrnng,  that  thfiii|rii  he  appeared  strong  and   hi<allhj 
had  bo  visible  means  of  subsistence,  summoned  him  before  the 
a^cordini;  to  a  law  borrowed  from  thi?  Bi^yptiaiw,   to  give  an 
bis  manner  of  liviug.     Upon  lliis,  he  priiduiM^'d  the  ^rderter  for  wl 
drvw  water,  and  a  woman  for   whom   he  groutH)   meiil,  a«  wittv 
prove  that  he  subsiaiod  by  tbc  labor  of  his  hands.     The  judges* 
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tfM,  w«n*  so  ta»ch  atruck  wnili  oJinirauon  of  hu  conduLt,  that  they  or- 
ilfftixl  tcD  ntina,  {oim*  iinndrcd  and  ^ty  dollars]  to  be  paid  him  oat  of  the 
public  tivuiirj-. 

T)t«  cundiict  of  Cloantliea  explains  the  ircrct  of  the  great  eolobrity  of 
maby  "  '  .  and  «howa  iho  onijf  mciuu  by  whicb  eminMu.-e 

ilt  fttiv  i  in  kiiowlodf^c  con  be  scquirod  :   viz.  by  imduatri/ 

ai  lU-3itli'«  his  poverty,  which  of  it4<.>ir  Wi3  sufficient  tu 

|iu.  -Xy  (if  fnml  iiurD,  bo  wax   so  singularly  dull  in  approlieu- 

0OI1,  ill  l-.-s  UM;d  lo  r^l  him  the   au;   but  r<.-solution  and 

applic" '  <  >  c  them  all,   made   him  a  complL-tv  master  of 

the  stoic  philosophy,  and  ijualifled  bim  aa  Miecesaar  of  tbc  iUnsirious  Zodo. 
Deioocniiu  beautifully  expressed  the  ftame  MotimeDt,  by  reprL-seDting 
Truth  u  hid  in  the  bonom  of  a  Wtfll;  to  intimate  tbc  difficulty  with  wlucn 
«h«  ta  fouiuL 

Aiulo«;ous  to  tbc  conduct  of  Cle&Dlhcs,  was  Uial  of  PUiutna,  the  poet. 
who  bein^  reduced  from  competence  to  the  meanest  poverty,  hiredhiitt> 
•elf  to  a  b«her  as  a  common  laborer,  and  while  employed  in  grinding 
coni,  cxerciset!  his  mind  in  «tudy.  The  same  may  be  remarked  of  Ascle- 
ptadefl  aiid  MeneJetnuj,  two  Grecian  pbiiosuphera.  who  were  both  so 
poor,  that  at  one  period,  they  hired  tbcroselvi^g  as  {"vJiJayer't  laborer*, 
and  were  employed  in  carrying  mortar  to  the  tops  of  huiklin^s.  A«cle- 
piad<!«,  was  not  ashamed  to  be  seen  thtis  enj.'agoj,  but  liis  companion  "hid 
himwlf  if  he  saw  any  one  passing  by.'*  Ati*'nmu.  says  ihey  were  at 
one  liniH  summoned,  like  Clcantlies,  before  the  Areopagites,  to  account 
(or  iJteir  ntajiaer  of  liwing — when  they  re«]ueBted  a  miller  to  be  sent  tor, 
who  teaiiBed  that  "  they  came  rrvrry  night  to  his  mill,  where  they  labored 
and  gained  tto  dnuhmtf." 

No.  S,  in  the  last  eiigraWnff.  rcpreeenta  a  raodem  Greek  fetnaJe  drawing 
water.  It  IS  from  a  sketch  of  Capo  D'Istnaa*  house.  Hee  the  Westminster 
Hen'ew  for  September,  1638. 


CISTEBlt  POLK. 

Thin  inraplr;  implement,  may  be  thought  too  in- 
ngiiilicuiit  1(1  deitt*rve  a  luitliniilar  luilifTu,  but  as  It 
is  fl.xteniiiv«ly  iiiie<l  in  nur  rain-wali^r  cisterns,  oihI 
i»  no  (nii<tfrri  di-vice,  \v.  ari*  tinwillinp;  to  pass  it. 
It  wax  known  lo  the  R'mians.  Pliny  exprcsslv 
meiitjona  it.  when  speaking  of  various  modes  of 
woiei'iitg  gardens,  llu  says  waier  is  drawn  from 
a  well  ortuik,  "by  plutn  poles,  hooka s»d  bucketa," 
B.  \ix,  <! ;  and  ttiat  it  woji  a  donurttic  implemctit  in 
old  tifiMs  OS  ut  prL-Mctit,  ill  nLiHing  watur  from 
cisterat,  ia  proved  by  the  discovery  of  eome  of 
the  Attoiu  at  Pompeii.  Lard.  Arte,  dec.  i,  30A. 
Having  mL'ntii>ned  the  raiii  water  cisterns  of  the 
Roiuans,  it  may  be  observed,  that  ibey  were  as 

■tiimou  in  Pompeii  as  they  ur«  in  Uiis  city,  every 
loi-  tmvtiii;  Imx-11  fumtshed  wilh  one. 

.•\»  Pliny's  uftciint  of  tliesv  risti^rns    may  bo 

-.'ful  to  :<i>nie  mechanics,  u«|H.>ciBllr   inaKona,  wr. 

t.i:ll    mnki!    no   apology    (or  in«TUMg  it,     "The 

i^jlU  were  lined  wilJi  strong   cement,  formed   of 

five   ptiru  of  sharp   s.ukI,   iind   two  of  ipiickliniu 

mixed  wirh  flints ;  the  bottom   being  paved    with 
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tfae  Baine,  waA  well  beaten  with  ui  iron  rumner."    B.  xzxvi,  S3.  Hull«u 
Trans.     The  ccmiposition  of   tbin   cement,  differs   from   t^iit.  wltirh 
Shaw  9B^*  litts   been   u.ifKl  in  modeni  times  in   ibo  cnA ;   iui«i    whioh 
tbinka  in  tbu  some  ns  tbat  of  the  uicicnts.     He  any*   ibe  ci-^t'-nts   wbie 
were  huili  hy  Sultan  bcH  Eglib,  in  Mvenil  partii  of  the  kingdom  of  Tiiiut,' 
are  erjunl  in  snlitiiry  wilh  iht?  fammia  ones  at  ('ariliage,  mntinuing  to  ihtt^ 
day  (unlesfl  wherp   they  been   deHigncdly  broken,)  a.*!  firm  imd  cna 
»» if  ibny  were  jiu;  Rninhed.     The  compodtion  i*  nuidc  in  this  nilT 
[they  take  two  partA  of  wood  nshe.t,  three  of  lifne,   and  on«  of  tirwr 
'which   afijcr  l>piii^  well  sifted  and   mixed   toeether,  they   brsi  fnnhr 
days  and  nigblA  incewantly  with  wooden  maUets,  sprinkling  fliem  «Itc 
natiily   and  M  proper  timeji,  with  a  little  ihI  and  water,  till  iliey  hecc 
of  a  due  cons itite nee.     This  composiiinn  in  chiefly  used  in  their  arrltet, 
rascenift  and  terrncefi.     Bur  the  pipes   of  tbeir  oquednrts,  are  joincMJ 
beating  tow  and  lime  together,  vnth  oil  only,  withoiii  any  mixtnre  ot'  WW 
Both  these  oompodilions  nnickly  asmme  the  Ikardneu  of  stone,  sod  mficT  I 
water  to  pervade  tl>em.  Trav.  286. 

If  tlte  Komitns  wished  to  have  water  perfectly  pure,   tlirty   msilo 
and  snnietimeH  llirtK!  rt«ternM,  at  different  leve)N;  m>  thut  tint  wul«r  sue- 
ocuivKly    depciRited    the    impurities    wilh    which    it    might    he   chMrj; 
From  thin,   \vc   see  that  the  recent  introduction  of  ttcv  ci«tcnw   for 
same  purpo>e,   in  itome   of  »ur  best  houieH,  is  u  pretty  old  coninvse 
It  in  fact  datc^a  far  bi-ynnd  the  Roman  era.     Tbc  famouK  ci«Ierni  of 
himtio  lire  eNanipleJt  of  iL     Rniri-water  wiu  rr<-qucnily  boiird  by  the 
man*  )K-ti>re  ihey  ti»ed  iL    Pliny  xxxi,  3.     Thin  was  lUso  itn  ancient  pr 
tice   among  older  iialtons.     ITerodntiis,  saya  tlie  water  of  thi-  <_7htM«p 
which  wa»  dnink  by   tlie  Persian  kltigs,  w&«  previously  boik-d,  and 
in  vessels  of  silver,    B.  t,  ISS. 


CHAPTEK     IX, 

thrnVvO^ji  lUnriylMiiBhiniwa— P«»<iath««r>aln»tf4aci*Dt>imMtH««iiliinhip— ^IrBIISK 
tbaod  W  Egyyt— PrcAiabl]-  Int  uh4  lenMo  ■•••»— WoluiMuiiBtr  mc4  Is aBcHMGraeUDnUiH 

«f  lhi»— UtctI  t*  Mftou  MHl  fcf»— Lad  u  iha  cuiflDjMtBi  of  tkiatli  ui  ntm  «piur— «iBpk  aMt*  of 
■daptui  Uiadi  w  ikl*  pnrpiM*,  la  (k«  obm.  I'vflaj  kM  in  bu«fc«ti :  llnd  li]>  tk*  Aagl*  Hkiou*.  Mm- 
■MM^  fa.— iMlfii  moll)  «(  niBiac  vbIvi  Id  u]>|iBr  Bnoi»  Dgiipiltot'«  Minihi  Hdf-arUB^  nr  j-'-'-f 
■Mhirisf  bachrto— Har^HHnf  WwnMar— tlvtouoT  AlHaodrla— Kaban  FImM— L«*«rbiMbM«^tWt 
— BaekMwf  nnliif    lltiinili  if  ftDMeai  bwkeu. 

ptrt.LEv  jU4T)  fii.sni.e  hocket. 

Wb  ik>w  conte  t«  the   ptrriwd   whvn   sonw-   of  the   simple  mauWtio*.  or 
mechanical  powers,  as  th«y  arc  imjiroporly  nnracd,  were  applied  t(' 
water.      Wkn  lliis  KrsC  look  place,  iii  nnkriown  :   Tliat  it  was  at  aii 
stage  in  the  progress  of  the  artti,  few  personti  wU)  doubt ;  but  the   t 
as  uikcertain,  a«  that    of   ihv    inventnin  of  those  admirable  t^i,'—-- 
for  traiiMmtting  and  modilyiiig  fonrws.     It   was  otnong  ihc 
which  the  famows  structiini«  nl'  niitiipiitv  were  raised ;  and   Ev 
ginuers  undvr  the    I'hiiraobs,    wvn-    iimloubtfdly    uc<|UauiIcd    v 
combittatioDs  of  it  now  known.      Hud   Viu-uviu«  witlier  il. 
meiitJnio'iI  i(s  npplicalinitii,  n    ciminiiilancc'  wbieh  iicciii-rr> 
Clei  r  I-,  M'liiilil    fiavi*  sufhcientiv    [*r<»ved    ilJ* 

«rei''  '    '  v^ied  tHiildinga  itiidor  llm  Plnleraies.       1        i  .  -  ,,, 
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to  K«otd  &llu)K  into  tlie  hsnilfl  of  Octavias.  took  refuge  in  a  Tery  liwfc 
biwer.  KCcrMible  only  from  alxive.  luto  ibis.  >h«>  uid  lier  two  inucw^ 
drew  up  Aiilouv.  (wbo  had  given  liimwlf  a  fatal  wound,)  by  meui»of 
rupe*  4nd  pullics,  which  happened  to  t>e  lliere,  for  tlie  purpi»se  of  rmising 
fttOOtW  lo  iJie  tup  of  thi>  buildiiii!.  Bat  tlie  pulley  was  an  epsendal  re* 
(]uisite  in  (be  sailioe  veseck  of  lilgvpt,  ludiu  and  Cliina,  in  ibe  remoiest 
•g«t.  Neillier  iraaing  ships,  Dor  ibe  war  6eets  of  Sesomris,  ur  previous 
warriors,  could  have  uavoned  the  ludioD  ocean  ^vitliout  litis  appendage  to 
raise  and  lower  tbe  sails,  or  (luickly  lo  regulate  tbeir  woTeinenu  by  bal* 
Uarda  The  anciont  Ggyptiaus,  saya  Mr.  Wilkinson.  "  were  not  ignorant 
oT  tbc  puUey."  The  namaine  of  one  hare  actuaUy  been  disinterred,  and 
are  now  preserved  in  the  nia»euni  of  Leydeu,  The  sides  are  of  athfU 
or  tuoarisk  wood,  die  roller  of  £r:  part  of  the  rope  made  o{  lerf  or  fibres 
uf  tbe  date  tn>e,  was  found  at  the  sotne  time.  Tnis  relic  of  former  times, 
u  supposed  to  have  been  used  in  drawing  water  from  a  well.  Its  date  is 
BDcexlain. 

Theni  are  reascms  which  render  it  probable  that  die  nngU  pulley,  was 
dariMKl  to  raise  water  and  earth  inun  wells,  and  probubiliiy  is  all  that  can 
•v«r  be  attained  wilb  regard  to  ita  orii^n.  Bui  may  not  die  pulley  have 
been  known  brforc  wells  T  We  think  not,  and  for  uie  following  reasons: 
1.  Mott  barbarous  people  have  been  found  in  po!i3CSsi<in  of  some  of  the 
boer,  but  out  of  the  Ibnner;  and  in  the  iidancy  uf  the  arts,  man  has  in 
all  tKBi,  liad  recourao  to  tbe  same  expedients,  and  in  the  »ame  order.  2. 
Wflui  are  not  only  of  the  lii^besl  anutjiiity,  but  they  are  tJie  only  known 
works  of  man  iu  early  tuuuB,  in  which  the  pulley  could  have  been  re- 
yuueJ  or  applied.  3.  The  importance  of  water  in  those  parts  of  Asia 
wboru  the  fonucr  ecneratums  of  men  dwelt,  must  have  ui^ed  them  at  an 
early  period  to  lacdiiatc  by  the  pulley,  the  labor  of  raisin^^  it-  That  tt 
proceded  tbe  ioraniian  of  ships,  and  the  erection  of  loAy  buildings  of  stane, 
a  all  bai  certain ;  but  fur  wliat  purpose,  except  for  raising  water,  tbe  pul- 
luj  oould  have  prr<viou«Iy  been  nKjiiired,  it  would  bo  diiticalt  to  divme, 
Iiaeenu  to  bavu  htmn  tliu  itr^t  addition  made  to  those  primitivo  impla- 
menu,  tbe  cord  and  backet;  and  wb<>n  once  tulopted,  it  naturally  led.  as 
we  sball  find  in  tbe  sequel,  to  ihc  most  v&lunblc  machine  which  flic  as- 
eicnta  employed.  By  it  the  friction  of  the  ropo 
in  rubbing  a^atiwc  the  curb,  and  the  coiis4.-{|uctit 
loM  of  a  porlum  of  the  powor  uxpundvd  in  niisiuB^ 
the  vnter,  were  nvntdcd,  and  by  It  abo  i\.  bcnoKciaj 
change  in  the  direction  of  the  power,  wn?  attained : 
instead  of  being  exerted  in  an  ascending  direction, 
as  in  So9.  8  and  0.  It  is  applied  more  eonvenii?nily 
and  «illici<;nt]y  in  a.  defending  one,  as  in  tlie  figure. 
Xotwidmlaiuling  the  obvious  advantages  of  using 
the  pulley,  it  would  appear  that  it  was  ttot  extcti- 
Mvely  used  in  the  public  M'elts  of  the  ancients,  ex- 
rppt  in  those  from  which  the  water  wns  mised  by 

_    14  f»xen.     No  example  of  its  use  bai  oecuired  in  the 

TSTitT  rmoc)  aad  iiitkn.    wftils  of  HtTCulsnonm  ur  Pomiwi.     Nor  does  it 
appear  m  have  been  emnlnyed  tn  any  great  extent 
-k#;  for  with  them,  a  vcssal  by  which  to  draw  wntcr,  was  as 
iitrtttil  tn  th^ir  mt-ndicantft.  M  to  the  modern   pil^rnms  and  fa- 
TTic  poorrfll  of  beggar*,   Aristophanes'    Trl<^ht^4,   had  a 
■n  riip.  and  «  bucket,  although  it  l(>akei).     Thw  custom  there- 
■i  resv!!l,  aiii]  <^rH   In  draw   water,  shows  that  no  per- 
'  ~  attached  to  their  public  wells,  which    would  have  been 
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Ao  case  had  tbr  pullejr  bccti  aw>tl.  If  «iirli  had  hnen  Hm  eattotn, 
t}i*>rthu  mt^ndifauit  IVtepliciu,  nor  Ding<*nc<i  thr  p}ii)o»opher,  wnakl 
carritHl  about  witlt  thom,  vu«i>eU  for  tho  |i(u-po«c>. 

li  U  not  ea»Y  Id  arc<iuiit  fnr  ibf  partial  rvjertiuji  of  the  niil)<5V  br 
tinwk]!  in  rttisnult  walCr,  whf  n  iLi  introrluctinn  would  h»w  tnateriallv 
tniiiisluH]  liumaii  Ultcr.  It  certAinl^  Jid  not  ariite  fraoi  i^iwniiici*  of 
advaiiia^fs,  u  tlieir  constitut  Hp|il)<atJun  uf  it  to  utlii<r  purjiaM-o. 
and  tJiere  is  reason  to  belie%i;,  ibtty  tidupled  it  to  Mime  cxii^nt  m 
water  I'rom  the  bold*  of  tlii^r  shipx,  m  comnion  with  ihe  inanutrH?  pen 
of^Hia.  It  was  iiiileed  u«ed  in  aonie  of  their  well*,'  l>ut  only  to  a  I' 
t*d  fixtKtit,  The  priticip^J  reason  l'i>r  not  employing  it  in  public  wells. 
proliuMy  Llii^— With  it,  a  AtUfjIe  pt-moii  im\y  roiilJ  draw  wa^Ujr  at  a  ti 
while  M-iiliout  il,  numbers  cmilJ  loM-er  and  r«i«e  thuir  veaaeU  Kimul 
nei'ualy,  wiliinut  inlertenng  Willi  each  other  111  the  foriuer  cane,  alt 
CAtionit  would  be  trei|uenl  oikI  iinavDidable ;  and  the  iticntiremeuc* 
numbers  of  |>eople  waiting  for  water  in  warm  olimalei  a  serioua  eviL 
rich,  aitf]  ihote  who  had  servants  would  always  pmcure  it,  ^vhiLe  the 
and  aucb  as  had  no  leisure,  would  ohtain  it  wiib  difliruliy.  The  tar 
ameter  of  their  wells  and  those  of  other  oatinna,  it  would  seem,  was  - 
designed  W  acconimodale  several  people  at  the  fame  time.  Thesv  iv-t- 
SODK  it  is  admitted,  do  not  n-pply  to  the  jtrivote  wells  and  cisterns  of  lbs 
(rreeks  and  Knnians,  in  which  the  pulley  migh'.  Iiave  been  used  ;  bat 
those  people  foUoM'ed  the  practice  ol  older  nations,  and  from  the  Rrvat 
number  of  tlieir  shivi>s,  (who  drew  the  water)  the^  bad  no  induccnumt  or 
disposition  to  leMun  their  tabor. 

A  burke)  susponilcil  ovpr  a  pulley,  is  Still  oxtenwivoly  uiied  in  nusina 
'water  from  welU  ihron^hotit  thv  world.  The  AralMans  iim<  il  ni  the  wull 
S^mxem ;  the  mouth  oi  which,  is  "  surroundrd  by  u.  brim  of  tine  whilv 
marble  fivu  Ibct  high,  and  ten  feet  in  dinmotcr;  tipnn  this  the  patwiDa 
stand,  who  draw  water  in  Icatham  buckets,  ntlached  tu  jmltej/M,  an  iroa 
railing  being  so  placed  as  to  prevent  their  Cdiine  in."* 

Apparatus  prrcisety  similar  to  llie  figure  in  No.  1 1,  are  asvd  by  Uie 
paneite  und  other  Asiittics.     Monlamn'  Japan.  294. 

The  pulley  has  liul  rectmlly  given  place  to  pumps,  in  workshops 
dwellings,  and  in  thrMf  only  t4)  a  limitea  extent^bving  confined  rhiefly  to  a 
few  cities  in  llie  United  Stale*  and  Europe.  In  France  and  Kn^land.  it  waa 
a  common  appendage  tu  well*  in  che  interior  of  hniu^s,  dtinng  ihtr  lafrt 
century;  and  in  such  cases  it  is  still  extensively  uied  throughout  Spain. 
Puriugul  and  otlier  paru  of  Slurope.  Il  u  very  common  in  diis  cfmnuy, 
and  also  in  Suuth  Anierica. 

But  the  gru-iid  u,dvttiitui,'e  of  the  palley  ia  the  early  agps  wm  tht«  ; — by 
it  the  veriicid  directlun  iu  wliicli  men  exerted  their  strength,  eou't)  he  Hi. 
cectlv  cbungud  into  a  borituntal  one,  by  which  chang<>,  mttmj^' 
eiDpluyed  tu  place  uf  tuvn.     The  weita  of  Asia,  tre(|uenlly  ^  i 
two  to  three,  uid  even   I'utir  hundred   feet   in  depth,   obvious:^    r 
more  than  one  perwn  lu  raise  the  comenu  ol"  an  onJinary  sized  v.'i^. 
where   numbers  of  people   depended  on   such  w-elU,  not  nw^rely  to  wip- 
ply  their  domestic  wanlH,  but  lor  the  purposes  of  irrigiaion,  the  ga' 
tntion  of  animal*  In  place  ol'  men,  to  raise  waCer,  beoiune  a  mailer  oh 
of  necessity,  sud  was  cenninly  adopted  at  a  very  eorly  period.     In 
ploying  an  or  for  this  purpose,  the  simplest  way.  and  one  whirh  devi 
(be  least  from  their  nccosiomed  mctliod.  vnui  merely  to  alt<]<*h  the  md 
tbe  rope  to  rlib  yoke,  after  passing  tt  over  a  pulley  tixed  suSicii 
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hi^i  kI*A*e  the  month  at  the  well,  and  then  driving  the  tuiimal  in  a  direct 
llm*  fWim  it,  and  to  n.  di^lanrn  cnunl  to  it«  i]Apt}i.  when  the  bucket  ci»ir!rt*(i 
W'tl'  •>  ■  1^  itiid  vduld  be  raiscil  iVom  tin.'  bottiim.  Tliis.  the  most  dirwci 
u><  .  «tls,  (it  i&  believed,)  the  idcndoal  mode  mdoptetl,  and  like 

nditr  ii'-v  n.'k  iif  th«  aneicnta,  it  15  &till  continiiod  by  their  nciieeadaiiU  in 
Afiic*  an)  Asia.  Its  VBlac  in  the  fstimation  of  tlie  modenui,  tnay  be 
IvarnnJ  Irani  llie  tuct,  thut  it  is  ndopted  in  this  and  ulhfr  riticd  for  raiein^ 
email,  &c.  frum  thir  holds  of  ships;  for  which  and  Miniilnr  puqiOM.-*,  it  ha* 
b«*ii  in  u>M'  far  ugv»  in  Curape.  Ii  hus  alio  been  used  to  work  numnc, 
the  ftiTtbur  end  of  ihi.-  rofn*  being  &tlitcbcd  to  a  hea.vy  jiiatun  wunun^fal 
a  vvry  long  chamber  or  cyiituler. 
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Nt..lt    AintMi>dilK(i«M«»Ml»4(^rAU|«awr)aAdk 

This  wai  [jrobiibly  uiiu  uf  dit-  tIrBt  upi>ral>uiis,  and  cerliUtily  one  iif  thti 
most  obvio:;,  ''v)kt4.-  buiiiun  lalwr  waK  sup<.-rM.-dt.*d  by  lluil  of  animals,  and 
in  aeeo-  ll,  iht.-  ptiliL'y  ilaelf  waa  pt-rhupH  ili«:ovtred.     This  mode 

is  cumi"  'jyp**  Arabia,  India — through  all  Hindoetun,  kikI  vnrious 

mfaer  pnrta  vl  ihv.  ttuit,  Mr.  BlphinHluiic  nieniionsu  Urge  well  ander  ibu 
wall"  of  th'?  fort  at  Bikaneur,  from  fiAccii  to  twenty-two  feet  in  diameter, 
and  tbrve  huiidrcd  fccc  ileep.  In  this  well  Jour  turge  buekut«  are  tued, 
each  thus  drawn  up  by  u/kI(>  uf  uxon.  and  a/J  worked  ui  ihu  temnc  lime. 
When  any  one  of  them  waa  let  down,  "itii  airikin^  ihu  water,  made  a 
tKHaebko  agreatj^u."  Uui  simple  ue  iliis  mode  uf  raisin};  water  by  untmalfl 
u,  it  ta  cUfMule  of  an  iuiprovenicnl  L-(]iially  Hiniplf,  tliough  noi  iJvrhai>B  ub- 
vi<  I   ml  readers.   U  wue  uul  however  lelt  to  iiiudern  uiecliunieians  to 

tli  il  ts  otte  ainon^  hundreds  uf  ancient  devieee,   wbooe  ori^ii  ia 

hmi  lu  Uu:  remoteness  of  lime.  It  is  tlii!! — Instead  of  the  iiiitmal  receding 
fntm  T>i'^  well  on  level  ground,  it  is  made  to  descend  an  imiined  fdaRt^  tu 


tl 
cl 

of  ■■ 

iu  pr.MM'i, 

pica  of  it. 


'ht  of  iu  l>odv   coulributcfl  towards  raising  the  load.     This  Is 

I'  of  Asiatic  devices.     At  a  very  early   period,   the  principle 

i:r  the  teeigJU  of  men  und  aniinuls  with  their  *nti»i:ular  ewrgy, 

•.,j  machiiies,  wiks  adopted.     Wo  ^aU  iikeei  with  other  exam- 


PtILLEr  AND  TWO  UUCKCTS. 


The  fu'ilition  of  anoihtT  bueket.  *o  as  to  have  one  at  each  end  of  the 
Ui\m.  was  the  next  siep  in  the  jiro^ress  of  improvement:  and  altbrxigh  so 


iople  a  device  ra.iy  appenr  loo  obvious  to  have  remotned  long  unpet^ 
^:..„i    ^...1  .^.i.  „l.;..l|  required  no   stretch  of  intellect  to  accomplish,  it 


iportance,  litice  it  cfTi'-ctcd  what  is  seldom  witnessed 
savinv  both  of  time  and  btbor.  Thus,  by  i?, 
t  and  became  filled,  b*  the  otlicr  was  elevated. 
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{willioiit  Uio  ■•xpniidittin'  of  vny  addiliimal  tiniD  und  \»Xtor  U>  loWiT  rt,l 
wit}iUii*>mi;lc  buckt^t,)  wliilciu  weight  in  JeKeniiiog',  contributed  Iowtk^ 
ruitiiig  iltp  i:)iiLr|>;uJ  r)iic. 

Tliue  ailvaiitnges  were  nul  ilie  only  results  oK  lb?  simplit  sriilittciit 
auncber  buckec;  Uiuu^b  they  were  probably  «U  ihat  wi-rt?  aiilicipulM 
the  autlior  at  the  time.  U  really  iniparbp^  a  netc  Jeatnre  \o  the  appumtas, 
Bud  uue  wiiiuh  nAiumlly  led  to  dm  developmeDt  of  that  grciit  maclniw,  lu 
which  teniunnted  all  the  impnivemetils  of  the  oldrr  tuttcbatiica  uu  lite 
primitivEi  coTxl  nnd  bucket — and  to  which,  modern  inf^nuity  Km  added — 
DOthiog — viz:  TUB  ENlit.e!is  L'U^lK  or  rui'» — iudved  nothing  morf  vna 
then  wantiiii;.  but  to  unit*?  the  tvo  viids  of  tlie  rope  togvtJwr,  nud  atiscfa 
a  number  of  vc't^stibi  to  il,  at  L'<jual  dtstaiicus  iVom  uacb  othvri  through  liis 
whole  of  its  lenglb,  and  the  luachine  jtut  oamed  wai  til  but  comptote. 


[Fmrn  Mpaliltnl  uuBnoMBb.) 
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The  Anglo  Saxons  n»ud  two  bucktrte  hooped  witli  troo,  one  st  < 
end  of  a  chain  which  pa«Bed  orer  a   pulley."     And  in   the  old   Ne 
castk-s,  wiitLT  wtts  raised  by  the  same  mi-ans.    In  oim  ot~  the  (cryM  vr  U 
»till  reiniiiiiing,  which  wa»  built  by  Criindulph,   bishop  of  Korhcsler, 
the  rmgne  of  lh*f  C'onf|utiror  and   Williim   Kuftw,  the  mode  of  ( 

the  water  is  ob^'ious.     "  For  water,  ihgru  was  a  well  in   the  very  vnu    

of  the  pMitilion  K'filf '  it  ^-as  also  made  to  go  tbrotigh  thr  whotf  waU,  B^m 
the  boltom  of  tho  tower  up  to  llie  very  b:ads.  (i.  e.  tlio  roof)  and  on  erery 
floor  ware  ainidl  arcbee  in  the  wall,  forming  a  communirolini)  br- 
tlie  pipe  of  the  wnll,  und  ihi;  sovi-ral  apartmoots,  t*i  that  by  a  p 
water  wa«  »>imnunicat4Td  every  wbvre."  And  in  Nt-ncasUr,  a  simil 
tower  exhibiiB  the  eumu  dovicc  for  ubtoimiic  the  water:  "a  rrtnorli 
pillar  fmrn  which  archt»  branched  out  wry  beautifully  on  each  side,  in-' 
tJosod  ■  pipe,  (liuil  is.  the  coiilinualiDn  of  the  wvU.)  which  conducted 
water  bam  the  wuU."^  It  appears  to  huvu  been,  in  the  middle  ag(?s,  the 
uniform  pmcucu  to  unclose  wells  within  the  wuUeof  towerv,  ihat  in  cose 
of  8ieg(?s.  tho  wi'aler  might  not  bo  cut  off.  It  was  the  same  ia  eaiijr 
RuuM?:  the  copilol  was  supplied  by  a  deep  weQ  ut  the  foot  of  the  Tsr- 
peian  Kuck,  into  which  buckets  were  towered  through  an  anificial  gmare 
or  passn).'!-  made  in  the  rock.*  The  double  bucket  ii  still  used  in  iniu  ^ 
8jfaiu.     See  u  ligure  in  Sut.  Mw-  Vol.  vii,  oS. 

A  wmple  mode  is  practised  in  Italy,  by  which  a  person  in  tlic  upper  It 
of  a  house,  tind  at  MJitie  distance  from  tiic  well  or  ciKterii,   (whirh   ts 
nernlly   in  ihf  court  yiu-d,)  raiioe  water  wilLoui  being  obUf^ed  ' 

One  cud  i>\'  a  stron'^  iron  rod  or  wire,  is  fixod  to  the  bo(t»<- 
wiadow  of  «a  iip|M>r  landing  or  passage,  and  the  othor  end  in  tho  gruund, 
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on  tho  fiutbor  aide  oPtbD  weU  and  in  a  line  vr'iHi  its  centre  w  in  No.  1$. 
A  nng  w)i)cli  ftliiivs  easily  over  the  wire  is  secured  to  the  handle  of  the 
tnicket,  to  which  a  cord  is  also  attached  and  passes  over  a  pulley  fixed 
above  the  winduw.     Thus  whea  the  cord   is  slackened,   the  bucket  de* 

scends  alon^  llie  wire  into  the  water, 
and  when  [Uled  is  dnwn  up  by  a  per- 
son St  tho  window.  (Kitchens  in  the 
bous4>s  of  Italy,  like  thuoe  of  Loudon 
0od  ^aris  arv  ohen  on  the  upper  Ooors.) 
''  This  modi.*  ol"  i-aiBing  water  lo  the  up- 
per stuhi-s  of  housvs  15  practised  ui  Ve- 
nice and  eumu  ollivr  towns  in  Italy."* 
\V(!  an;  not  acquainted  with  the  origin  of 
tliis  dovicc.  r'roiu  the  circumstance  of 
tliK  ancient,  {as  well  as  the  modem)  in 
liAlntnntJf  of  Asia,  (jroecc,  Italy,  &o. 
having  had  juts  d'cau  uid  tanks  of  wa- 
tvr  in  tJie  cuntre  of  their  court-yards, 
it  is  possible  that  ibie  mode  of  nusing 
water  to  the  upper  floors  of  dwellin^p, 
may  be  of  ancient  date.  It  was  in  use 
in  iijv  ICth  ciinturv,  and  is  described  in 
Surviuro'*  c«lk*cUon,  from  wliich  the 
figure  iu  taken.^  In  thu  saute  work  m 
devices  for  raising  waii-r  in  buckets  to 
the  tops  of  buildings  by  puUeys,  rupes, 
Arc.   moved  by  water  wheels. 

Of  modem  dcvicfti  for  raising  water 
with  the  pulley  and  bucket,  the  most  etticient  is  said  to  be  ihal  uf  [>r. 
DtMagulien.  After  paasinu:  the  rope  over  a  pulloy.  he  siiiipended  to  its 
«od  a  fnune  of  wood  on  which  a  man  could  stand — thu  bucket  at  the  other 
W1U  mode  heavier  than  this  frame,  and  liifrefuru  defended  of  itself, 
length  of  the  rope  was  such,  lluit  when  tiie  bucket  was  at  the  Utttom, 
the  frame  was  level  with  the  pUce  to  which  tite  water  was  to  be  raised. 
As  soon  as  tlic  backel  was  tilled  with  water,  for  the  admission  of  which 
a  bole  was  muje  to  its  bottom,  and  corered  by  a  ilap  or  valre,  a  mnR, 
wbofe  weight  exceeded,  (with  tire  frame)  that  of  tlie  bucket  and  water, 
stepped  upon  the  frame,  and  sunk  down  with  it  to  tlie  boltom,  and  con- 
aently  raided  the  bucket  of  water  to  the  required  height,  when  n  hook 
1  in  a  hajip  at  the  side  of  the  bucket,  lumeil  it  over,  aitd  discharged 
'  eonients  into  the  reservoir.  As  ttoon  as  the  bucket  was  empty,  the 
mn  at  the  bottom  tttepped  olF  the  frame  and  ran  up  a  flight  of  stairs  tnade 
(r>.>    '  It}  the  place  whence  ho  descended ;  and  in  the  mean  time^ 

th'.  '  heavier  than  iho  frame,  descended  tn  the  water,  and  was 

ai^uiu  nuiMid  Uy  the  Mine  process. 

Soch  a  device  is  well  enough  for  philosophical  experithent.  bat  is  cer- 
tainly not  adiiptiHl  for  practical  purpows.  Simple  as  it  may  appear, 
there  are  retjuUites  nvcessary  to  Its  umciimt  applicadon,  which  in  common 
prsctiee  arv  onailainable. 


n*.  tS.  IMlM  KMlcvr  rtlilnc  ■*<»   id  Iho 


riiiula.  Uaiy.  At: 

■il  ri  Oiiii.u'i'.  r'linciux  iln   .^1IlUMIfDaI■quc  «t  dn   M<icluiiiqn«,  on  Dacnplion 
6v  ■  -de  SenMt*.  >vm)  i(e*  finrM  eu  iaill«  douoe.  )iar  M.  Orol- 

Uk  ■  tils     a  Lyon.  1718.    TBe  tiiiu  Sartius  distl  in  ihc  17th 
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SBLr-ACTINO,  OR  DAINIXO  A.'VD  LOalMS  OtJCKeTS. 
In  Uu!  Uuer  part  of  the  IGth,  or  hrfnnniug  of  tke  17tb   ccnttity, 
nhlac  for  rauin^r  urater,  Wna  iti  u»i*  In  Italy,  which  »  cndtlvd  To  pi»rtu:i 
notK-i^t  on  urcoiiQl   of  lu  hcing  iill^j^d   u>  be  tb(>  first  oi>o  of  the  ki 
which  «"iijt  uif-aeting :   und  tii  t)ial  reftpect,  was  lJ»c   forcruiiwtr   of 
muHvc  '  Fiiv  Knjjiiie'    itself      It   ap|i«ars  lu  have  Wen  Itrnt  (Jc*nrib^d 
Scltottiis  ill   liin  T«"Aiiia    Curittta.      According  lit   .Moton,  hit   d««rri|: 
wiM  takrn  fniin  one  in  actujil  upenilMtli  "ttl  a  rioblmuui's  hnune  at    Ra« 
(Mecli,  I'ow.  107.)     But  Uelidur,  «»_>'»  tin;  first  one  who  put  *iicli  a  il 
uxeruiinri,  who  (iinitiiino  Fiiiuupo,  ut  Jliime  in  1GI6  ;  nltiiouKh  Sclioii  i 
hing  hi-rcir«  nminmi  nt)  engint^  fur  tliiii  |itir|>oite.      Muxoii  tuiv  4n*  *^u  *  h^urw 
Miii  description  iirone,  but  without  nanuiiij  the  sounie  froiu  whftic*!  he  ob- 
laiwd  it:   Iw  say  it  waa  "tntule  at  lUnnr,  iu  the  ooiivcul  of  Sl  Maria  Aa 
Victoria  :  tbt>  leaner  bucket  did  contuin  laore  ihou  a  whoh;  urn  ni  >:  ■■•-  — 
(at  Rome  chvy  fay  un  barSe,)  hut  bclbre,  while  they  u»ed  h»»«rr  In 
■he  engine  wanted  succcma."     U  would  >eem  lliat  il  Waa  to  one  (4_ 
'Roman  Engines,' t>i«t  itw  Martjais  Df 
ter  referred,  in   tiie  lidst  propotitiou  ofl 
tury  of  Inveniiona:    "How   lo  miae  wn 
stanily  wipi  two  buckeu  only,  day   andj 
iritlioNi  ani/  other  J'ott*  than  </-*  okti  inor» 
not  so  niucli  as  any  force,  wheel   or  such 
more  ptiilevs  than  one,  on  which  tlieconl 
rolleth.   witii  a  bucket    faetenml    at    eacjl] 
This  r  confess  I   have   seen   and  learoed 
ffreat    inalhemalician    Claudiu*,     hts    Mudiea 
[/ y   Rome,  be  Iwving  made  a  preoeoi  thereof  uiit 
/    cardinal,  and  1  desire  not  to  own  any  other  i 
f      inveniione.  but  if  1  Aet  down  any,  lo  nomltiaie  111 
wise  the  invenior."  • 

The  machine  described  by  Moxon,  U  <■-  -  : 
bered  with    too  many  appendages    for   [' 
illustration — its    esseatiaj    part«   wil]    be 
ritood  by  the  accompanying  diak'rain.  frtjn 
chette's  Traite  Klementaire  des  St     ' 
IS19.     Over    a    pulley    S,   ari> 
vessels  A  and   B,  of  unequal  diUHitb, •.'[;-,     1'\vs 
Kmailer  one  B,  is  made  heavier  than  A  when  both 
are  empty,   bui  lighter  when  they  nre  tilled.     It 
is  required  in  raise  by   tliem,  part  of  ilio 
from  the  flpring  or  reaervnir  B,   idlo  lhi> 
\     '.  Z.     As   toe   smaller  bucket    II,  by   its 
-^    .1  gravity,  descends   into   K,   (a  Hap  or  vah 
'f~^.  bottom    ttdmitiinp    the    wiUer,)   it  conn 

;  raines  A  into  the  positinn  r«'pr<'n*ntiHl    in 
XT^i  figure.     A  pipe  F,  then  convnys  water  fWmi 
T~^  reservoir  into  A,  the    orifice  or  bi>rp  of  wllj 
I^Tj   P'P^<   la   "ti  propordoTied,   *'        '      ' 
rillerl  timnUetneaiiil^.     The  l.i ' 

I.     fs,  descendint;  to  U.  .md  K  at 
•  ng  to   the   upper  ♦'du'w  "f  Z, 
(irojeoDn^  pin?  O  O,  eateh  :■ 
lower  aidei  of  the  bucket*,  r| 

the  same  momem.     T( 
tach«d  by  s  wit  els  to  in        !■ 
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centre  ftf  gnrtty.     A*  coon  u  twvlh  imwlB  itnt  ompiird,  B  Kgnin  pre- 

Eoud^nti^i,  oiul  the  o|)«ranrHi  in  rcpcucti  wilhoTti  in^  fttlPnilftnea,  «« 
injf  B£  ihom  1*  VTfticr  in  E  (uid  the  apparatris  nonttnii^s  in  order, 
In  Moxon'i  mat-liinc.  the  vossols  wpfv  filled  hv  two  Mrp«nitc  tiihcc  of 
oBm^iikl  borv :  the  onfit«-s  boine  covered  bv  tii1v<u,  to  prcvrnl  the  es- 
cape of  watvr  Hkt>  iW  bur,kV>ta  were  tn  moTion;  ihex^  VBlves  were 
Opcnrwl  Biul  clo«>.-il  hy  mu«ns  nt'  rnnln  BCtmrlicd  b)  llip  backc-tx.  The  L'lHiDt 
llimueh  F  in  tSr  figiirt',  irwy  rii*ily  be  stopjictl  a:*  noon  na  A  lic^fint  to  de- 
♦r-  Man  ol'  either  bucknt  on  thr  eui!  of  u  lever  nliarhed   to  a 

v..  ■  r  olit-iniis  ciintri%iirrtes.     The  WMter  dwcharircd   rrom  A, 

r  'I  •■»me  channel   pftiviiied  for  jlio   piirpn«e,     Thtrto 

t^--  .1  appliriiiinn.  ^iniv  ihey  rt-qniw  ft  fall   for  thfl  de- 

loilie  rlevniion  to  whirh  tJie  li<]nid  i«  miMd  in  B.    They 
■  Tni:)«lilifil  to  «iiit  loc-wion*  whf»re  a  ]essde«ccnt  only  can 
'  lii«.  bjr  cnnn«rtlng  the  rope  of  B  to  ibe  Tieriphery  of  a 
':ite  that  nf  A  \i  united  to  a  ftniallrr  one  o»  Ine   Mine  axis, 
iw  nUMixJ   higlier  than  ibe  Inruer  liuelu^t  fiilU,  but  tlie  quantity 
...  jf  cuune  i«T  |>ropuniiinnlly  diininittlicd. 
In  Sarvierc'd  Collection,  a  (iviniiig  find  Loiing  Bucket   Mnrhine  it  de- 
(icnbMl.     Another  one  waa  invented  in    L72A,   by  (iear|fn  (rervns  un  Bo- 
elith  carpenter,  who  prolmbly  w«»  not  a^vH^(^  that  he  bad  be«u  anitcinated 
by  itfcl  mech&fiic.H  npwarda  of  ■  century  tn;fi)re.     He  creeled  one 

id  UDdhire,  whirh  wa*  much  appnired  of  by  Sir  I^iaac  Newton, 

B'  I    iilicrs,  Swiiy.er,  iind  mbera.     Mr.  Keiifhton  who  drew  up 

a  It,  obAcrvea  th^t  it  wa»  »o  free  from    friciton,  that  "it   ■• 

b"  t-iiiiu'  wi  ajre  withuiil  repnir;"  mwl  Dr.  DesQjjfutiers  on  iiuert- 

ill.  ,nt  of  it  in   hv'4   Experimental   Philosophy,   vol.  ii,  4G1,  «ays, 

"tills  t:iig'>uc  ha»  nn|  been  duI  of  order  aince  it  wa*  (irit  »el  up,  about  Rf* 
Imm  year*  a^."  NotwithKUiHling  iheae  favor^le  tentinrtutiials,  it  ha« 
fiUlen  into  diiuse.  It  wwh  niueh  loo  eomplex  and  cuioberaome,  and  of  too 
itetl  .it>i''.i  ■•'■•>n  ever  to  becerne  pupuUr. 

.The  ■  -f  self-action  in  ail  iliene  mac)iii>ea  in  no  modern  discovery, 

it  u  .  .jed  by  Heron  of  Alexandria,  w)io  applied  it  to  the  ope- 

luag  and  clming  the  doorit  of  a  temple,  and  to  otiier  purpusea.  Tbe  mo- 
tiT- i...^--»  T^'licn  filled,  do&cended  and  cumraunicated  by  a  secret  cord 
tb  nt  required,  and  when  its  coiiiem»  were  discharged  (by  a  w- 

ph<-ri  •liiuar  to  tbe  one  figure*!  in  the  Clepsydra  of  Ciesibios,  in  our  fifth 
Dook.)  it  MToit  again  raticd  by  a  weiiirlii  at  lire  other  end  of  the  cord,  like  Uie 
bi  '  ■  .  t',f«  Uwi  lijfure.     See    De   Naiurw  Simia  sen   lechnica  inacro- 

et-  .'I,  by  Rnhert  Fliidd,  {ll»e  Snglith  Uosicnician.)     Oppeuheim, 

!•<  >4  and  489,    where  several    similar  contri«'ances  are  hgured— 


b- 

•«■'  ■ 


■virn  l«  nroch  older  than  has  been  supposed.     Perhap»  the 
>-ii'  the  '  'jamiuff  and  Losing  Bucket',  is  Francini's,  a  d»- 
:■  li  may  be  seen  in  our  account  of  the   Endless  Chain   of 


A  'errT-TmrhitKrdencrihed  by  Or.  Desafpiliers  may  here  be  noticed.  "  A  A. 
(Nf>.  !?•)  arw  two  spouts  running  from  ogmter  or  spring  of  water,  intu  the 
nro  boTiketa  D  and  B.  D  containing  abont  thirty  gallons  and  being  <.iLlIcd 
tb*  /mmit  l»trkrl,  and  E  the  /^aimmg  bucket,  containing  lets  iliiui  a  <|utiniir 
pan  of  I),  lu  for  example  six  gallons.  D  E,  is  a  lever  or  beam  movikblo 
•boui  the  »xi*  or  centre  C  which  is  ropportod  by  tbe  pieceti  F  F,  bo-" 
(w.  ---  -''  tha  huokct  I>  oiui  descend  when  tbe  contrary  bucket  £  it 
n  >  C.  is  10  C  £.  at  oik  is  ro  four.     G  L  is  an  ui^right  picee, 

tbrougti   U*-   top  "f   wbirh   the   lever  K   I  moves  about  inc  centre   L, 
mtui^  oa  the  pi^p  H,  and   soaieoiDes   raised   from   it  by   the 
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iirvsflure  of  the  vm  C  £  mi  Uio  and  L     Th«  bucket  D  wbim  cnipt^,  li^ 
lU  rnnuth  upwards,  lieiii]^  !ta>i[i(tiiJu(]  lu  ubttvo  localioncd.     Tlie   (muJ 
n-iili  lUi  buukel  it  aldo  ligliiur  iluiii  lh«  unci  with  the  bucket  B.  wiitfii  bit 
mv  oiupty.     By  reason  of  Uie  difleruiit  bore  of  tb«  8|x>uu,  D  i»  fJlc>d 
taoal  u<  *oon  as  E,  oimI  uitiocJuttfly   prepottdti ruling,   siuk^  dowu   tn 
aiid    tber«by    raises    tbe    contrary    end    uf    Uie    Inver    aad    lU    bud 
up  to  diu  cistern  M,  itito  wtuub  tt  tliscbarge*  iu  water;  bui  iuimtMlittti 
thf>  bucki't  D  becoming  full,  poun  oat  tu>  water,  otid  xhs  end  uf  ibu  le\ 
E  comes  down  agaio  into  its  borizotital  situsDoti,   atid   striking  upoo 
Biul  I  uf  ili«  luadad  Icvvr  1  K.  rai^ss  the  weiglit  K,  by  wbivb  me&iu 
frtrce  uf  its  blow  is  broken.     If  the  distaoce  A  I)  or  Ikll  of  tbe   wattir 
about  six  frrut,  thi«  raachiiw  will  raise  ibe  water  lolo  llie  ciateni  M  tweci 
fuui-  ivv\  higb-     Such  It  macbine  is  vety  siuiplo  and  may  be  made  Ui   a^ 
pruporiion  according  to  tJie  fall  of  ibe  water,  liie  quantity'  allowed   10 
wasted,  and  the  height  to  which  the  water  must  be  raised." 


"Some  years  ago,"  Dr.  Desaguliera  continue*,  "agentJemanihowad  nur 
a  model  of  such  an  engine  var^'ing  something  from  tlila,  but  so  coo* 
trtved  as  to  stop  the  running  of  tlie  water  at  A  A.  when  the  lever  T> 
began  to  move.  He  told  mo  he  had  set  up  an  engine  in  trftand,  whic 
raised  aboat  half  a  ho^fihead  of  water  in  a  niinuti.',  forty  fret  hi^h.  an 
did  not  cost  forty  Hhillings  a  vesr  to  keep  it  in  repair,  and  tlmt  it  was  ac 
vpry  exi>e»eive  to  bgI  up  at  hrst."     Experimentnl  Philosophy,  vol.  i.  7S 

There  is  a  singular  hislnricul  (act  connected  with  the  use  of  buckets 
raifte  water  from  wells,  which   will  !iervo  tn  corirbide  thi9  part  of  the  su| 
jecL     Every  person  knowii.  tiiat  war  between  nations  has  often 
Erom  the  most  trifling  causes;  when  thouaand«  of  human  beingSiJ 
ignoram.  and  hmocent  of  its  ori^n.  hired  by  its  aailior?,  annra. 
murderous  weapona  and  incessantly  exercised  in  tlie  use  of  them,   arc 
mnrshaled   into  the  presence  of  a  similar  host;  when  both   beni.^  -linui, 
lated  by  inflaming;  addn-sa^n,  and  often  excited  by  ardent  spini 

each  other  Uke  infuriaie)!  rigprs!    Then  aft^r  one  pwty  »  ovcu 

other  glorying  in  tin-  aliiu^hier,  liail  their  lender  a  A«ro,  and  not  infn 
<itieittly  do  that,  which  fiimds  would  shudder  to  tliink  of — vit.  romi 
thanks  to  the  benign  Santor  of  mon.  Itir  having  enabUid  thom  thus  \i>  ^ 
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xf/drv  ihffir  spretca:  \nd  to  produce  nn  amouM  af  macTy,  u  evitic«<I  in  the 
«|iH<?k*  of  tti*  woutidcd — thii  ii|^ritc4  of  tic  dWrig — Uic  unuuerolile 
p«fi^  oi'  widow*.  uikI  rlici  uoloU  suffcriiiurs  oi'  orpKuiis — lliot  would  mtFice 
(odniw  tiraM  fromdt'roons!  Anilall  cliururwliut  [  miy.nioiictimo.aecord- 
ing  to  Tusdo,  mid  il  is  d*  >  i  our  iiuturo  lo  rcpoat  it,  lie<-im*e  Home 

(Jlir>v««  iif  Modoiia  itftlt  n o  -'"^  '" (^  put'llt-  mv^/ of  Bol^^gna  .'     Tliia 

laCal  bucket  IS  «uU  prcM_-rttJ  m  lite  colli <--(li-nl  of  Miidena— a  meniunid 
of  V  ■■nguamry  wnr,  and  of  itm  eviU  aLLenditig  the  raott  burnljle  of  all 
hqinon  del  'tlttry  glory,  • 

"  In  ihr  _  >.  lotut--  soldicn  of  th«  commnnweollh  of  Modena  ran 

KWny  witti  u  i>ucli.(<[  from  a  public  well,  belonging  to  t])e  Blitc  of  Bologna. 
Thil  implcmeal  mtf(bl  he  wortli  a  •liilUng;  but  il  produced  a  bloudy 
nanrrrt  wkicb  was  workod  up  into  a  bloody  wbj*.  lienry,  tiio  king  of 
JMrdinin,  for  (br  Eiiiporor  Henry  the  SGCona,  Bssialpxl  llie  Modeuesp  to 
Im(<P  ponw^Mon  of  lli«  bucket ;  and  in  one  of  the  battle*  ha  waa  made 
priioner.  Bisfailier,  the  Enipi'for,  offered  a  chain  of  gold  thai  would 
vnnirelc  BtilogtiH.  which  ia  sevon  tniles  in  com|>a3s,  for  nis  ton's  raii*ont, 
but  in  vain.  iVfter  tweniy-tMo  yean  imprisonment,  and  his  fatlier  being 
dead,  ho  pinml  away  and  died.  His  monument  Is  still  extant  in  iho 
cJiar<ch  of  the  Dominicans.  This  falaj  bucket  is  still  exhibited  In  the 
tmrvr  of  the  caihi'dral  of  Mt>ilena.  enftlosed  in  an  iron  ca^'." 

^L*TERI.*l.a  uy  BiitKKTB. — NtrpUine  and  Andromache  u-atered  horsei 
with  in<?(nllic  otH;s.  Both  Mreeks  and  Romans  had  them  of  wood,  metal 
and  t«ailter.  Soinelimes  wooden  ones  were  hooped  with  irow,  One  of 
these  wn*  found  in  a  Komun  barrow  m  England.  The  ancient  Bniith 
had  them  wilhituL  Ik>o|I9  and  cut  out  of  solid  timber.  The  Anglo  Saxons 
made  tliem  uf  stares  aa  at  present.  Those  of  the  old  KfryjHians  were 
of  mutal.  wood,  skins  or  leather,  and  probably  of  eanbenware  See 
Ggurct  in  1  Illi  and  13lh  chapierE.  We  have  given  figures  of  some  metallic 
ones  diMorered  in  I'ompeii,  in  Book  H.  The  bucket  of  Bologna  is 
fbnnod  uf  staves  and  bound  with  iron  hoops.' 

Thu  dI<1  error  that  '  water  has  no  weight  m  water,'  arvsu  from  not  per- 

rtng  the  weiglil  of  a  backet,  until  it  was   nused  om  of  the   Itquia   in 

id)  ic  WHS  plunged. 
^  A1thai^;h  poetry  ia  foreign  to  the  design  of  this  work,  and  cold  w-ater 
if  ant  remarkably  inspiring,  nor  a  buckt-l  a  vijry  poetical  object,  yet  tlw 
folhiwing  lieautiful  lines  of  S.  Woodworth.  on  '  The  Burkt-i,'  an;  aa  re- 
freshing in  the  mid.>it  of  a  dry  discuEStun,  as  a  draught  uf  iliu  sparkling  ii- 
qttiJ  to  a  weary  irsveller  of  thu  desert.^  ^. 

Thai  iiifiM-cuvered  rcnnpl  I  tinil  *a  a  IrHacnre ; 

Vol  attva   nt  imkiii,  vhi-n  roltirwd  rruiii  \iu:  fvM, 
I  found  it  the  lource  of  hd  eii(ai!>i<«  pl4>iuiiira. 

The  i^ureslUKl  •WEcteal  Ihat  uainrc  con  y'nU. 

How  ardeni  I  nbed  it.  with  huKic  that  warn  ilowinc. 
And  quick  lo  tfao  whiie-pcbUeiJl  bottom  ll  tm : 

TboB  M>oD,  with  ibc  ctnUem  of  tnilh  ov«fflowing. 
And  dfippiiif  with  cttvlneaa.  it  mm  fViim  Hm  wnU. 

Iloir  *wM>(  from  the  f^reen  nmajr  brimto  roMive  it, 

A>  powHl  on  lh»  etuh  il  inoliiMd  to  mj  hpa  '. 
Not  *  full  bluflung  jt'>'>l^'  could  tempt  tne  to  leava  ii. 

"nioufb  filisd  with  ilw  nvctor  that  Japilsraipa. 


IMmmi'i  TtxelB.  ill.  an.  Mtui  K»yiler't  Travokiii.  136. 

>  tan*  barn  «miiwoiulv  atiriivotHl  >»  (he  BrttBli  Pn*l  Wnnbtrorth. 
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ChH—g  »lwll«M  lUbct  tanmitloaii  nf  thl  pwipK  M  ttbb  flitk*.  »Imb»I^  -">■'-—,  Ac  A«.  Fv 
•>■:  lu  kpHvaiiiia  lu  nlw  auiit  ftaia  «all*-ll>  iptcmUt  dM  km*«B.  Wbed  uul  piuoo— Antln- 
Buucnu«— t>iu>>MiH:h*idl<ilb**liilkMraMOT,aai<liitM<l  by  ■  mimt  ('•■rf  U  airsak.  KdrUmI. 
*«.  Tr«'(  »bp«l>:  l.'nil  by  Ibt  >ifrt*ni»  llawil  by  mat  and  nnoia  uioult—Jt^k*— IlMiuuul 
Iwd  whrrh— Cii— nm  wt— I  nr  atftxm.    Ofatxtinm  m  tha  tBireJacil—  at  fbU  ftrt»  uua  E»ntf 

TDK  WUID1.ABS. 

Altroituh  ii  may  never  be  known  to  whom  the  world  is  iodobted 
the  trtmltaia,  tlicra  ara  RtrcumatancRH  which  point  U>  the  coostruimon 
wells  Btiij  roisiag  ol'  wnur  rmm  ihcm.  a.i  nmong  tbe  first  dmb  to  which 
•s  well  liH  ihc  pulley,  wa3  applied.     The  wintllaaa  passBSBCB  on  inpor 
advmiiu^c   over  tho  itngle  pulley  in  liiring  weights,  or  overcoinsnij 
n-Hletuiiro;  iiiticv  the    iiilenHity  nf  the   force   tnuiEinitted  through   it.  can 
be  muditivd.  uiilier  by  rat^'ing  the  length  of  tlie  crank,  or  tltv  circui 
furvticu  of  Uic  rtiUer  on  which  the  rope  ia  coiled.     Samelimei  a  >in( 
vcssid  »ud  rupu,  but  more  frequently  two,  ore  cmnlnyod,  aa  in  tho 
No.  18. 


Votlfc    Wtadlaifc    rrMa  Xlrch>^  )t>i»dw  SabtamniiM. 

The  bocketB  tire  mii<tpended  from  oppnntP  aiilt^  of  the  rollrr.  thp  rupe' 
windine  ruund  it  in  diftcrenc  directions,  so  chat,  a«  one  aDccniln,   the  oth« 
descoriUs.      Pliiiyt  in  hie  Natural  History,  xix.  4,  mtntion*  thin  mnchin*  i 
used  by  the  Romitns  Cor   mining  wat*^r;   nnd   m   the*    Stitli    Itook,  cap.  X 
when  sfienkint;  of  a.  cansl  for  draining  ihr  mamh    PmCtntu,    part  of  whi 
passei^  ihrough  a  mountain,  he  MavH  thr  wMti^  which  Rotvcd   in   uiiun  I 
workmen  wae  raised  up  "  with  dnricw of  «*n^n»*»  and  H-imdtf»"     A* thi 
w«9  not  any  apparatus  utscbod  to  the  public  u-r-JU  in  Gretfk  and   Ronq 
cittea,  or  if  so,  tn  a  very    timitcd  Dxttrnl,  it  '»  probkblt*  lh«  windlua 
duefly  ased  m  ihr  country',  when*  ila  applicaium  ti>  iletip   well*   wti« 
haps  us  common  at  it  is  in  other  parta  of  tht<  world  nt  tho  prt— «iii  iin> 

It  h«fi  alwTiy*  h«*«in  u«*d  in  nii»int>  nrr  luid  water  frum  trtint'B.     A^ric* 
kka  gi%'en  acveral  figurt'a  of  it  ua  employod  in  thow  of  Hungnty,     ~* 
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ittiai  probably  been  in  unuiictrupted  obc  mncc  Uic  Roman  <*ra."  Some- 
dines  It  wu  plnreit  do  one  side  of  llio  well,  itnd  at  a  short  diatancti  from 
n,  llic  r'i|)C«  passing  througb  pulleys  tbot  were  sU'ipcndt'J  over  Ita  motilh. 
Bjr  ibiA  amngenieni  w*AU-r  muy  be  raised  to  any  nv|u)rir<l  bright  nJtore 
the  windlass;  an  advanniffc  in  Rome  caaea  very  desiniblti.  Belidor  hu 
giren  •  similar  tigiine,  aiMi  obaorres  thai  such  marhim-s  were  oxtounvdy 
axeil  in  Ihe  Low  Ci)unTrie3>  Somolimes  a  acrics  uf  nnilcys  were  com- 
btned  with  it.  In  an  old  work,  we  haw  scctt  the  windlass  altacbcd  to  a 
targe  mb  in  which  water  or  caal  waa  rai«?d.  so  that  one  or  mor«  persons 
odght  ascend  and  descend,  without  the  aid  of  others  on  the  iiirface  of  the 
groand;  the  ropes  being  passed  through  a  block  abovo  the  mouth  of  th» 
pit'  It  U  very  probable  tliol  theu;  appliealinns  of  it  were  known  u>  tho 
l3t«eks  and  Rnmans.  Switzer,  in  his  *llydro»talio,'  says,  the  ancienU 
tiaeil  the  windlass  for  raining  water,  and  ibai  all  their  muchmei  of  a  naular 
CKiiMmctinn  were  rlaA»r-J  under  the  g&ticral  uame  of  Budromia. 

There  is  a  rery  [x^culiar  awl  cxcoi'dingly  ingi^nious  modifiiMition  of 
the  windlass,  whieh  may  here  be  noticed,  and  for  which  wc  arc  indebted 
to  the  Chinese.  It  furtiishtjB  the  means  of  incroasing;  imH^fmnieal  r.-nergy 
to  alnuMt  any  exU-nt,  and  a*  it  i«  used  by  them  to  raise  water  from  somo 
of  thooe  pniut|riou»ly  deep  wells  already  uoiiceJ,  (p-  30,)  a  figurK  of  it, 
(No,  19.)  is  m*trti*ii.  The  roller  consists  of  (wo  parts  of  unoqual  di- 
ameteis,  to  the  extrttmiiies  of  which,  the  ends  of  the  rupt^  nm  fastened  on 
appusite  tides,  >o  as  to  wind  round  both  parte  in  diHcrcnl  dtntciitins.  A» 
the  load  tn  he  ndsod  in  suspended  to  a  pulley.  (See  Kg.)  every  turn  of  the 
rolW  rHJxes  a  porlidn  of  the  rope  R<iual  to  the  circumference  of  tlie  thicker 
part,  Itiii  ill  the  wme  lirne  let*  down  a  portion  etjual  to  thaiof  tJie  Jitudler^ 
omiseijueiilly  the  weight  is  raised  at  each  turn,  ihrvugh  a  space  c^iunl  only 
to  half  the  diSurence  between  the  circumferences  of  (be  two  parts  of  thtt 
roller-  Tbo  action  of  this  machine  is  thoreforo  slow,  but  the  mechanical 
■dwitages  are  proporUotiably  great.' 


Ka.tK    CliteM*  Wtsdla 


No.  VL    l*«iSt  WlOdlSn. 


Thit  i*  tlitr  nt>ate«t  and  most  simple  modification  of  the  wheel  and  axle, 
that  humitn  ifii:^*.-i;Mity  has  deviied,  aiul  ii  a  proof  that  the  principles  of 
nMchanical  science  were   well  understood  in  remote  ages;  for  every  me- 


•  El*  R«  Mptall't*.  Bwil  leST.p.  11^.  119.  160 
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mnliqties  at  Ato'.hani<iues.    A  Lfoa,  1579. 
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chainetBD,  we  think  will  tMlmit.  llial  nievbonical  Uct  and  ingenuitv,  nnudi 
hy  Kcirntific  knowlrd)^,  could  ticvm-  liav<*  ilevUed  it.     It  i>xl)ihiu  a  spec? 
of  ori^itutlity  90  unique,  to  mmjilif  ntul  elBcient,  Uist  rridunHy  sliow*  it  I 
hnve  bctrii  me  conrnplion  of  no  coiumun  mind.     At  whut  lime  it  wac 
taken  to  Eunip«r,  wr  hnve  not  the  mojutt  of  vK-ertaining.     It  has  but 
cttnlljr'.   i.  «.  comporfttively  so.  been   dewrribtHl   in  Ixxiks.     W«    am  not, 
iiw«n>  of  iu  having  iH-vn  noticed  ia  any,  prvvtoiie  to  thf*  h»l  half  rvnim 
It  appears  to  havp  bwa  itiiriKluced  like  »Kvenil  nther  nutulani   inachii 
from  the  stutu*  ffourctf,  ho  i^daiiJly,  that  thr  preriM*  period  of  its   lir»t 
i^vnl  cannot  eatily  be  determined,     (.'onndennt;  the  lone  period,  durii 
which  liliiropciiii  nations  havv  maintfttm'd  an  intercourse  with  tho  Chiticsv. 
the  recent  intn>diiciion  of  this  miurhinn  invv  nppirar  eio^tar ;  but   vi 
little  is  ytsi  kixiun  of  that,  people,  although  tui  iniimati?  iir:<)usintance 
their  artH,  would  nrobuWy  enrich   us   with  truusures,  inon*  vajoabl* 
iheir  leas  and  their  porcelain. 

There  is  a  large  debt  of  gratitude  due  to  the  Chinese,  whiob  has  ne* 
been  sutlicicnlly  acknowledged.  It  is  to  tliem,  we  an.-  intlcbled  for 
ol'  the  moflt  important  diecovcriet  connected  with  the  present  state  of 
arts  and  scteoccB.  From  tbeiD  w*a  derived  the  chieJ'  of  all  arte,  i-kintin 
and  even  movahlo  typos,  and  that  invaluable  act^uistiion.  the  tnannoi 
compofis;  pecaliiir  etovc','  chain-bridges,  speviaclcs.  silver  furki<.''  Ick" 
ink,*  chain-pump,  winnowing  machine,''  besides  mivDy  oilier":  and  in 
reel  a  popular  error,  which  attributes  to  our  fellow  ciuzeus  of  Cot 
ticui.  the  invention  of*  wooden  hains,'  it  may  us  well  bo  remarked, 
these  are  also  of  Chinese  origin.  l.v  Comle,  saya  they  are  so  ac 
constructed,  lliat  numerous  buyers  ore  con^ianiiy  de«;iv«J ;  and 
<)uently  it  is  nut  till  one  is  boiled  and  ready  to  be  eulvn.  tliai  it  is  fUcorci 
lo  be  ••  nothing  but  a  large  piece  of  wood  under  a  hog's  skin."  But  if 
China  hits  prwluced  specimens  of  dishonest  ingenuity,  she  has,  tn  the 
irrad-mill,  rnrnishcd  one  of  the  greatest  terrors  lo  evil  doent. 

A  large    Fvjfr  is  someiimcB  used  in  place  of  the  cylindrical  roller  of  j 
windlass,  especially  in  wells  of  preat  depth.    When  a  bucket  ia  at  the 
torn,  and  the  weight  of  a  long  rope  or  chain   has  to  be  overcome  m 
diiion  to  lliat  of  iho  water,  U  is  accomplished  more  uasily  by  witidinsi 

■  "ThoH  Hvna  are  iMinsiaely  niitiveoient.  uid  deanrve  to  \>e  ms<l«  known 
1b  nor  nuiiiiirf .    S^iue  nr  oar  cou|(3B}'  uiek  sneli  Mqvm  wiili  th«m  U)  Goiiroi'.io. 
•noilrU  fur  il'Dsc  who  iDifht  want  to  lutow  ibair  eonatmotlan."    Oibeek'*  Vi>t«(« 
Cirriin,  rol    i.  SH, 

*"Tbpuw  I'f  "iKiT  fork*  Willi  ai.Uy^onw  ef  our  wnM-r  K"'!""'*  tuVvn  tip  n(  \»i 
enin«  IVoin  Cbion  to  lisly,  sad  froui  Ifavao*  Ip  EbuIuwI."  Hejlin'*  Ci>*ini)en(ibT,  La 
llTTO.  II.  ^^h. 

"Tti-^  M^rrct  uf  miihio;  it.  wn*  hroiirhl  by  a  r>uicli  i<nperGar|0  la  Gmiingisii  In 
mrxA  Ihvrr  ilifiilxi^d.     l.ott.  .Miif.  fat  \^l*'l.  p.  4lU. 

liTIiu  w»a!iiii  Iiriiiiilii  limt  to  Ilullanil  in  IJK  li«jiinnin|t  of  the  I6U1  witiun.  mI 
il  »oiin  «|:iri'iii  ('vcr  Kiirnne.     It  wu  catTi<^l  tn  Hnnlhn-I   in    17IO      W'lltrr  ^r*rna, 
iiicurpof^tfld  in  (11W  of  liii  uovpI*,   an   tii«lwrii'4l  Tmt  ■ 
eoiiiitiyiiii!D  fcs|iecljti^  iL     When  fim  inlrvl'iircit. 
firMij  iilii>rknil  nl  r»ti  It-   -i-  r-'    '    ..■.:■,.,.,-.•■■-- 
V(''illtlfr.  «llfll,  an  Itiri 

Uinr  ron'>iilrr"I  it  n  ni<ir  ^        !!■:_.       r 

cWtr  from  Ihoir  Mlirat.  tlmy  luoKnl  uj»B  tiie  lue   wf  tin*  mnclimn.  ii> 

licnvvu,  aii'l   Bfi   (iitPiit]"   'n  mI(»  tit"  gnTnftimMi'  «f  lli-   wirtif   iviir 

fattnil*;    <'i:i-    ■'.  ■■  I      '     .     ■  "  ■■ 

fined  ii  v\ 

Air.'  mnHtii- 1<  ■•■•■   .■..-   ■■.  ■...■  ■ ■■  ■ 

nnouncr  '     Il  no*  inlnvliinil  inio  Anin 
ms  Jtnio  "     Thn  Gntl  one,  »«■  in^Hle  in  'd  . 

tuna  in  liv  Jifvt^t,"  iluhnf  tlw  ibiim  jwu-     Luu.  Ma^.  lix  l>>il.    p. itSX    U 
■we.  \'t>t  ii,  'Ail. 
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tbfl  np«  no  die  smal]  end  otihe  Fusee;  and  «»  the  length  dimitiixlie*,  il 
co3»  n>uod  Uie  larf^er  part.  (See  N<i.  SO,  which  i»  hpwevnr  innccuralely 
drawn — u  ibe  bucket  is  ut  the  lop  of  the  well,  it  should  hure  boi-ii  rupre- 
•entv'd  U  suspended  from  the  isrcv  end  of  the  l'usec>.)  The  vhIiic  oI'  «  de- 
vice like  thU,  vriU  be  apprecislea  tvlien  the  peat  depUi  of  m^nio  vrells 
u  cousidered.  and  the  couaequeni  oddiUonal  weight  ol'  the  cbaiiu.  lu 
the  fortress  of  Dresden  b  a  well,  eighteen  hundn'd  feot  deep ;  at  Spoo- 
nmbur^h  one  of  »ixn^  (oiflc^;  at  Hombt-rg,  oiii>  of  eighty ;  at  Augual- 
burgfat  IS  a  well  at  which  half  au  hour  is  ret|uired  to  raise  ihe  bucket ; 
and  at  Nun'inhurgh  another,  sixteen  liundred  fevt  deup.  In  all  these,  iho 
V  <  Hied  by  vhairii,   aud  the  weight  of  the   list  one  is  staled  to  be 

u,  a  ton:    Mi^soti.  (vol.i,  IIG,)  eaytf  three  thousand  pounds. 

It  ;^  to  be  regretted  titat  the  natne  of  the  iuvcntor  of  the  fiwee.  and  tJie 
date  of  its  urigiu,  are  alike  unknown.  It  forme  an  essential  pan  \u  tlie  nte- 
diSDism  of  ordinary  watches;  fur  wiihout  it  they  would  not  be  correct 
meastinsn  of  time.  Every  penou  knows  that  the  moving  power  iu  a 
clock  U  a  weight,  ami  that  thi<  varinuii  movements  arc  re^]Uurd  hy  a 
pnidaJutn;  but  neither  weights  nor  pendulums  are  auited  lu  [Kirlable 
clocks,  or  watches ;  benrj*  a  spiral  spring  is  adopted  as  the  firtl  mover  in 
the  latter,  and  when  coiWd  up,  as  it  is  by  the  act  of'  winding  up*  a  wiit«h, 
llw  force  wliieb  it  exerts,  imparts  niolion  to  the  train  of  wlieels ;  but  aa 
ibia  fiirru  gradiudly  rlimiuidhes  a«  the  spring  unwinds,  the  vel»rity  of  the 
train  wnulu  diminiiih  al«u,  if  anme  mode  of  cqualiKing  tho  eRccI  of  thia 
Tarving  foriM;  was  not  adn|rtod  ;  It  1.1  the  fusee  which  Joes  tluti,  by 
rcuririog  the  energy  of  the  ."pring  when  at  it^  maximum,  on  iu  tmaller 
end  ;  aud  aa  tins  oner^'  Jiininislies,  it  iu:t»  on  Uie  itirger  parut.  as  on  the 
onds  of  lcvcr&.  whirJi  lengthen  iu  tht?  some  ratio  as  the  forc<?  that  moves 
ihem  i»  dintioiahed. 


In  another  tnodification  of  tbti  windUts,  a  rog'irAteJ  is  fixed  to  one  end 
of  •'--  -  "  --.  and  niov«d  by  »  pnnan  that  is  tK>ourcd  on  asepuue  nhall,  and 
III  '  crank,  a*  in  the  fig\tre.     liy  proportioning  the  diaJiimiT  of  tlia 

V  ■'  pinion,  (or  ihe  numlK-r  of  teeth  on  eaob)  according 

'■  •f'i:  a  bucket  and  iii;  contents  may  be  Tused  fnnn 
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•njF  depth,  nrifi!  a  tlinuntiuon  in  thtt  vtilix;ily  cif  tlie  wheel  frtpfn  m 

rpitiion,  is  accoi'ipantec)  u'irb  lui   inci-ease  oT  die  energy  tmumittifd   l» 

Ttitf  Grc«kv  »nd  Komaiw  eiup)oi,-«i]  liie  wh««l  and  [liiiiuii  in  servml 
their  wu*  engine*,  miil  in  vaiious  otber  inicliiner^'.     P&ri  of  a  (a)^*wl 
WW  JiMovurt^d  in  P(>rrit>eii.     Tbe^  probably  were  iJ*u  euifilojed.  as  . 
No.  31,  In  nuMU  wttier  from  deep  m-«1U.  «  purpuae  fur  wluoU  iliey  bai 
Iwen  Inng  mod  iii  Europe.     Seu  Oeltdor,  loai.  li,  liv,  i.     Frum   tume 
penmenu  mide  by  Mr.  RobcrUou  Buchoiiiut,  it  w«s  uoenaineil  thai 
ubor  or  0.  man  m  working  •  pump,  lurulng  a  wuich,  naming  ■.  bcJl. 
rowiti!^  a   boat,  migbl  be  i-epreseDted  rt'iipectivuly  by   tlic   niUDbers,  1( 
107,  S27,  and  348  ;  bence  il  app«un   tbui  iJie  uSect  of  «  man't  labor 
lumit)^  •  tvindlius,  is  Hdy  per  ceut.  mure  tbati  iu  vroi-king  u  pamp  in 
ordinarj*  wsy  by  n  lever. 

As  a  man  rsimot,  wtlli  eStvi,  apply  bU 
strengOi  eou^-emently  ici  u  cnuik  tbsi  di>- 
icribes  a  circle  exceeding  rhroe  or  four  feet 
in  diameter.  anoUuT  uicicrir  contrivane* 
enabled  hire  to  transmit  it  tbrou^  a  series  of 
reTolvin^  levers,  inserted  into  one  or  both 
ends  of  tbe  roUtv ;  and  U'hirh  extended  ta  a 
greater  dittunce  froni  (be  centre  tban  the 
erank,  u  in  tho  (Mp[>er-plate  pi-inttag'  pntM, 
the  steering  wheel  of  KOtps  at>d  «teun  vos- 
ticls.  and  ntunBrous  oilier  apparaiua  employed 
in  tbe  arts.  It  was  ftirmcrly  xxmA  to  ruso 
water  in  bucketa  from  mines  and  welU, 
HblS.  Aafio lUioB CfMHi  and  even  to  work  pumps:  (cams  being  i 
cured  to  tW  rnllcr.  raisea  tbe  pt«inn  rods  in 
nannvr  similiu-  lo  tbe  rnmmon  Hampiiig  milU.)  Agricola  has  figured 
u  applied  to  both  purpoBM.  De  Re  Metalbra.  118,  I2y.  Ml.  No.  SI 
i«  an  i-'xamplu  of  itd  application  by  the  Anglo  Saxons,  from  StJ-uU's 
tiquities. 


J: 


K-a.    Orm««ttai;b«dto»WbHUu>- 

"Tbero  caniinl  he  a  morp  rxpcii'  '  i,    10   miM?  mout  iWim  o 

WOlU   than  to   make  n   Urge  whi  ■  I    nt   ibf  t-nd   d'  ihi-  irmlu 

tb"t    mny    be    two    nr    thrm    limt^ii    i\iv    LLiiint-rvr   nf   the     u-inlaci 
wbicb  a  smAlbrr  and  lon^r  ropT  may  h<>  womiil,  tliuo  tbai  which 
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die  boekct,  «o  tfa«t  vrbvn  tbe  backet  t»  ia  thr  well,  the  miqo  rope  'i»  aU 
wonrui  on  iba  grtmtvr  wfauol.  [drum]  din  end  wlicreof  may  bo  uketi  on 
the  slutuliler,  suti  the  luati  uav  vmik  or  run  furwimla.  till  the  bucket  b« 
flnwn  up.  The  bucket  may  b«ve  ■  rvuad  bole  in  the  midst  of  ibe  bot- 
tom with  a  eov«r  iiued  to  ii,  like  the  fucker  of  «  pu(n|),  tbm  wboii  ibe 
boeket  retts  on  tlie  water,  ibv  bolu  mty  ogwu  and  uut  bucket  EU."  Oio* 
doRAriuni  Ru^ticam,  Lon.  1701.     Sve  No.  :£3. 

Thu  ta  (ine  oftbc  mudea  of  rmuiiig  beuvy  weigbts,  dutcribed  by  Vitru- 
vitu,  in  Book  X  of  bia  Archiu^uture,  and  is  so  iigured  m  some  of  ibe  oH 
«ditioM,  thut  ol'  Uorbtu^i  for  exuiiiple.  Venice  1^7.  It  apfwun  to  bave  been 
«dopt«l  b)  nis*}  water  froia  tbe  iiet<]>  wells  of  Asia  in  .uioieni  tiiuuB,  and 
is  BuU  eoniinuf^d  iti  u^e  there.  In  Sym's  Embassy  to  Avil.  tbera  is  «  notice 
of  the  Potmlcum  WelU,  ibe  uti  Truui  wbieb  it  utuvemUly  employed 
tbroaghouL  tlie  Binnan  empire.  One  Vrliicb  be  OKuained  vns  four  feet 
aqtiare.  itnd  tbiny-ceven  Uiboau,  [222  feet]  deep.  Tbe  water  uid  oil 
"were  drawn  up  iti  an  iron  pot,  fnueaed  to  n  rope  passed  over  a  wooden 
cylinder,  which  rovolvcB  on  an  lucis  supportea  by  two  upright  posts. 
Wh<^n  the  pot  is  fiUe*].  two  men  take  tite  mpe  by  tlu*  end.  uid  run  down 
*  declivity,  which  is  cut  in  tlte  ground  to  a  distance  equivalent  tn  tJie  deptli 
of  the  well  t  thus  when  they  rcAcb  the  end  of  their  track,  the  pot  is 
roiaed  to  it*  profter  elevation."*  Tbe  contents,  water  and  oil,  ore  then  dis- 
charged into  a  ci<tem,  and  the  water  is  aiterwards  drown  oiT  through  a 
bole  in  tbtfi  bottom.  A  ratchet  wheel  and  click  to  detain  tiie  buckec  when 
elenued,  would  enable  a  single  person  to  work  tliis  machine,  or  iha 
iMekec  might  be  suspended  to  m  bail  by  swivcb.  and  overturned  at  tbo 
Cop  by  a  catch,  aa  in  No.  16. 


Another  mode  of  commitnicating;  motion  to  the  roller,  is  by  means  of  a 
inoii  Kkfvi,  attached  like  the  drum  in  figure  23,  to  one  crnd  of  it.  In 
this,  a  lusii  or  an  animiil  walks  or  ruthor  climb*  up  onf  side,  (uimewhot 
iikfi  M  Miiiirral  in  iu  ra>;>>.  ildiI  by  hit  weight  turiin  l)»e  wheel,  aiid  raiaea 
itte.i  In  Ko.  24. 

•  f.  \ttivn  a  cnmmon  mode  of  applying  human  effort 
luia^  liid  iuii:>i'iiiA.     Some  of  ihcir  cranes  ^m*  raiwng  columns  and  other 


lo  Ara,  Lan.  IHflfl.  vol.  hi,  "Sit,.    8<re  nlxi  im  .iccnuni  of  tli«w  wsllt,  aad 
]a|  Umu  etMUanta.  lo  vnl.  it,  of  TiUoeb'i  Phil-  Mag-  p.  3d& 
10 
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beiii-y  weigliU,  wore  luovetl  liy  tread  wlie«b,  O^itraviitt,  x.  t!) 
of  one  it  rirewrv(?d  in  a  bu>-reitel^  in  tLe  wjill  of  ilie  inarl. 
pua.*     Kike  udter  lutcient  tievirev  for  ruling  wnler  h  )iiu  i 
tn  t»e  ill  Kiirope  since  Roumh  Uows,  anil  is  descrilied  liv  in'»t  of  lltP 
wiitcrt  on  IlvdraiUict.     A|p'i<;ulK  figures  it  u  used  In  iKe   tninc»  of  ti 
aton^.    " To  nuse  Mttier  rroot  «  deepe  vrell,"  »ayt  uu  old  English  Hrrii 
"some  tue  a  l&ri^e  wtievK'  for  tiitui  or  bea<ft  to  walk  in."     At  AW-, 
men  hum  the  wjuer  from  a  deep  well,  by  wulkiog  iu  one  of  die«e  w 
It  b  tiie  '  Renttsli  fiuluim*  according  to  Fosbroke,  tlit;  wliecli  bptn| 
pelled  both  hy  men  aiid  awte*.     The  Anglo  Stuoui  and  Korauoa  »] 
tliern  (or  drtiwing  w«ler. 

Whcthvr  ihe  l>r«ek)i  and  Romwu  employed  amimaU  m  tiwJ  wi 
wtt  know  tiut,  but  tlie  practice  i»  very  old.  and  from  the  obviotu 
Cage  of  quodrupifds  over   biped   man   in  climbuig   iuccnt«,  u  U  pL. 

that  tliey  wert  mi  eirifjloyed  by  the  uncienu.     Oxen,  hurscti,  muln. 

dog«,  guou  and  bears,  liuve  all  been  tiM>d  to  propel  ihuae  wlievlis  and  li 
raiw  water  hy  them.  At  Spangcnburgh,  wausr  was  mised  fm:  ■ 
well  mctitionod  in  n  pwvious  rhantcr,  by  an  an.  In  the  Isle  of  \\  ._:.:. 
£ng.  one  wm  ibii§  t-iiga^d  fiw  the  estmnrdinary  period  of  forty  y*iM«, 
tn  raisins  wat^T  fmrn  a  well  two  hundred  feet  deep,  which  waa  9up{>Med 
lo  have  been  dug^  by  the  Rotnani>.  Long  pmcticr'  hod  uut^bi  thi>  animal 
to  kiKiw  exactly  how  many  rernlulion*  were  rt^ijutrea  rn  rai*«  the 
basket;  when  by  «  backward  movement  he  would  tmnflntly  etop  the 
wheel  HtMttM  are  remarkable  for  9c«hnepreoiptaf>s,  and  rhcreforc  acton 
well  adapted  for  rhis  kind  of  lobnr.  In  Europe,  tht^  are  emplored  W 
roue  both  wai*?r  and  urt-  from  mines,  by  tread  wbeeU,  tn  tl>o  Cnnptcr 
on  the  Chain-I'ump.  we  liave  insc^rted  a  cm  from  Apricolo,  represmfin? 
them  thus  ciigagi'd.  But  of  th«  larger  atiimaU.  if  there  is  orw 
adapted  ihivn  aiiiithi-r.  from  iu  conformation  and  babiM.  il  is  the  Bm<  <  ' 
it  t3  not  a  liitic  singular,  thai  the  Gci^  actually  employed  that  oaiin&l  ui 
turh  wher-ls  to  raise  water.* 

It  is  probable  that  the  Chinese  have  from  mmote  dmeft  employed  v»- 
rioua  snimnls  in  them  ;  this  wo  infer  from  a  remark  of  one  ofthrir  vq^ 
ters,  quoted  by  Dr.  Milne.  Tn  exhorting  huiduinds  to  intiinu3t  iki 
wives,  he  encourages  them  In  the  arduoiu  task  by  reminding  them. 
"  even  monkey*  may  W  taught  tn  play  nnttc« — do^  may  be  taught  to  tread 
in  a  mill — rat*  may  Im*  lauehc  to  ram  rouiu}  a  cyUairr,  and  parrot«  may 
be  taught  tn  recite  verses;'  and  heticu  lie  concludes  it  poftiible  to  teach 
women  som'-thing!*  Many  onciont  customs  nrlating  to  ibo  tuning  and 
tu'mg  of  animnl*  nrv  still  pnictiited  in  China.  Tho  old  Eg^-plian«,  bail  b»- 
boons  and  monkeys  iFaine<l  In  gather  fruit  t'mm  trves  and  pr<-4-ipii-e«  toe 
cessibli?  to  men,"  Tlie  Ohim-se  employ  thum  for  the  ioiin'  put 
Mark  Antony,  Nero,  and  others,  in  imitntian  of  more  tin<'i<*nt  warric 
wore  »Qm«>limes  drawn  in  chiiri<i(«  by  (ipm^— Chineoecluirlutaii*,  bnth 
on,  and  ani  dntwo  by  them,  and  by  tigers  nUo.     (NieuhotT's  Kltibassy.l 


Before  tmoke  Jacks  werv  Invuntcd,  joints  of  mitai  while  roafiiiig,  w( 
often  uirned  by  do/tt  runtiiiij;  in  iread-whHol*.     Th4'y  w»*r«  of  a  [ 
liar  breed,  (now  aearly  extinct)  long  backed,  bB.ving  short  lega,  and 


■ra«l<rok«  'Vntiq.^T,  aitd  Wiakleinu'*  Art*  oTtba  Abuhdu.  Paris,  T-d.  tum.  u, 
|iLta^liii  i;<. 

*Olafi*  Usx>u**.  iiuoiMt  bt  Pixhrokn  Tn^r  Ania|.  71-  '  t)<>»iiins>  !)ir>ocat  *a 
CJiinu.  v»l    u,  IT9  *\i'illi(n4r>n  rnl    li.  15<l.  '8f«ti>n'*  t'tiins 
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t}i«ir  oncupNtua,  were  TiAincd  tunttpitj.  The  mode  of  tcftcking  them, 
WW  niun>  Hiiminary  than  tiuraAne.  The  animal  was  put  intn  a  wheel,  thrt 
siiltM  af  which  wcriT  closed,  and  a  burning  coal  thrown  jn  hehind  him; 
benee  he  could  rM  stop  climbing  -without  having  hia  legn  humod.  A» 
might  be  «upp(t4ed,  ihcy  were  by  no  moans  attached  en  their  pmfoMton; 
of  which  the  lollnwing  incident  has  been  adduced  as  a  proof;  In  a  cer- 
tain City,  having  lu^crrably  to  custom,  attended  their  owiiera  to  church, 
tho  leaMin  ttir  ihe  day.  Iiappencd  to  l>e  that  chapter  of  Bzekiel  wherein 
tiw  aelf-itioving  chxrinl^  are  dracribcd.  When  the  minittter  first  pro- 
noUDCed  the  word  'u^trt'  tbcy  all  pnckt-d  up  their  eurs  in  alarm— at  the 
:ind  miM'.tion  of  it,  they  set  up  a  doleful   nowl;   iind   when   the  awful 

jnl  was  uttered  u  third  time,  every  one  it  is  «u)d,  raadt;  the  bual  of  bJa 
\rav  out  fif  the  rhiirch. 

But  the  ni(r^  singular  animal  formerly  used  tn  thus  turning  tha  ipJt, 
was  a  hirtl,  titxA  of  a  ^tnedfls  too  which  furnished  more  virtims  fi>r  the 
roost  than  any  oilier,  m.  the^foaaef  Moxon,  observes  thnt  iiithnughdoga 
wreni  eommonly  used,  "^rese  ore  Iwtter,  for  th«y  will  hour  thuir  tabor 
Inngnr,  so  llint  if  iht^m  be  need.  Uiey  will  conlinuu  their  labor  twelva 
hours."*  A  mnguUr  ilhwtnition  of  man's  i>owi*r  over  the  lower  animals, 
in  thiu  compelling  one  to  cook  nnolher  of  its  own  species  for  his  u»e. 

Tbc  old  Jack,  coiniidinr  of  tlireo  toothed  wheels  and  a  weight,  was 
timkI  as  earlv  us  1444.  The  totoke.  jack  wan  known  in  the  following  cen- 
tory,  H"  not  before,  for  it  waji  descnU'd  liy  Carddti,  imd  af^rrwards  (in 
157 1)  hy  RartulomiTO  Scappi,  cook  to  Pope  Pius  V.  in  a  Iwiok  on  culinary 
oprrnttuiu.  In  IGOl,  s  'jack  maker'  was  a  refjutar  trade  in  Kiiriipn,  and 
dm  in^rnuity  "f  Uh*  iinuiufanturcra  wa.i  then  often  displayed  in  decorating  i 
iJiwta  with  iinivii^  piippeiii,  as  in  some  nnciem  clocks,  and  in  the  aivans, 
Jto.  of  street  muKtcianii.  Bi.ihop  Wilkiiis,  {Matlteinatiual  Magic,  6.  ii, 
cap.  3)  speaks  uf  "jacks  no  bigger  thiiii  a  walimi  |j>  turn  any  joint  of  moat." 

The  mamt  uf  tlifne  machines,  and  a  certain  vulgar  phrase,  niK  y«t 
tjnite  obioleti*,  are  tU  that  is  tuft  to  recal  Ui  mind,  a  cituts  of  doinesUcs, 
wba«e  occupation,  like  Otliello's.  is  gone.  Thesie  were  men  whose  duly 
it  WHS  tu  turn  the  spit,  and  who  answered  to  the  familiar  coj^noinen  of 
'Jack,'  formerly  a  common  name  for  a  man>servant,  and  now  applied  to 
flesignal^  numerous  ioatruments  that  supply  his  place.  Sealed  at  one 
ajtf  of  a  hnae  fine,  his  duty  was  to  turn  the  roast  by  a  crank  ailachttd  lo 
oo**  (tihI  of  the  ipit.  See  a  figure  o^  a  French  tottm^-hroche  in  llie  exer- 
dfrc  of  his  TocaUon.  in  '  Hone's  Every  Day  Book."  vol.  ii,  1057.  The  office 
was  r«r  fniim  being  a  sinecure,  since  no  slight  labor  was  reqiiifd  to  move 
llie  lars^*  jomu  nf  olden  limes,  the  whole  of  a  sheen  or  an  ox  being  fre- 
^•eotl '  '  '  ^t  once;  hence  in  some  kitchens  built  in  the  13th  century, 
it  wa.>  >  ly  (lireried,  that  each    should  be    provided    will)    furnaces 

anfficientiy  iaige  to  roaai  iwn  or  even  three  oxen.  It  was  from  the  cus- 
tom fif  tVese  artists,  of  surreptitiously  helping  themselves  to  sinoH  piecea 
1  ■  '.  while  m  ihe  perform'mco  of  their  duty,   the  nncln^sical  ex- 

Y  '  iting  the  fingers,"  canw,  and  verifying  a  Turltish    proverb,  'he 

that  watches-  the  kettle,  is  sure  to  have  snmir   nt  the    soup.'      The  phrase 
however,  was  not  then  so  (•Hnoxious  to  good   taste,  nor  the  act  to   gaod , 
ttmBoen,  as  now;  fur Ishlr-forks  were  giMicmlly  unknown,  and  moderttSi 
med  jninu    wei>e  handud  round  on   the  spit,  so   that  every  one  at  table, 
wpuaied  by  a  kat&  a  slice  to  his  iB»te,  and  conveyed  it  by  his  fingers 
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to  hia  plate,  aitd  tli«Qc«  to  hiB  inooth.     Honcn  Uii?  advice  cf  (>pm/,  fa 
netilwr  Ureeks  nor  Romius  uwd  tBliU'-forks : 

"  Vour  iDMl  e^iitecll;  with  yont  fingen  hum  : 

AuJ— u  in  oBtinn  Uwjk'i  rcbtIub  gnec, 

Bewriuir.  Mitli  gnuMf  band*,  1«m  you  bvaniMr  yow  fac*. 

&  Gpmiiui  writer  in  the  middlo  of  tb«  16th  century,  in  ngmnitig 
whiHinf;  KolipilR  as  it  nirn»pit,  rcmarlu,  "it  C'ftts  nothing',  Mid  gives  witl: 
%u  uounuiee  ui  those  pamking  of  the  Tout,  whoae  siupicioiu  nuure* 
Dune  queasy  Bppctiu>s,  ihu  the  haunch  hu  not  ht^TO  piiweil  hy  the  tur 
f^iii,  in  the  abicnce  of  the  housewife's  e^es,  for  the  pleasure  of  lickii 
hu  unclean  tin^era."  This  evil  propensity  of  hnmui  tiirnapiis,  howei 
eveiiiuully  h-d  to  their  dismtsmi,  and  to  the  employment  of  another 
oi««,  whirh.  if  nnt  better  disposed  to  resist  the  same  trmptarions, 
leu  opportunities  afforded  of  lallitig  into  them.  Tliese  were  the  euioe 
laborers  already  noticed. 


Ko-as.    Uortioaul  TTMS-WkMl.  rrom  AfrtMlk. 

ffwizontiiJ  tread-wheoU  for  nisiuu  water  are  deKiribed   hy  A^ncola, 
Iroat  whoso  work,  De  Re   MetaJlica,  we  have  copied  the  figure.     Ti 
mon  on  opmivie   tides   of  a  horizontal    bar,    a^inal   which    they    It 
push  with  toeir  feet  iJte  liars  of  the  wheel  on   which  ihey  tread, 
tbotu.     Sittiilar  wheels,  incliived  \o  tlip  liorixon  were  alsu  used.     For 

.other  kind   of  tread-wIieeU  see  chapters  14,  and  17.   Oo  tlie   NoHa  anJ 

'Chaiu-pump. 

In  ail  Uie  preceding  mauhines  the  roller  is  used  io  t.  ktrnznolaJ  [xisitioi 
but  at  some  unknown  period  of  past  ages,  another   rnoditic»liun   was  i 
vised,  one,  hy  which  tiie   power  coukl  l>fl   applied   at  anv  disUince    fn 
tlte  centre.     Instead  of  placing  the  roller  a«  K'fun;,  over  lii»>  well'* 
it  wiLS  removed  a  short  distdnce  froni  it,  and  -n'cured  lu  a  vertical 
by  which  it  waa  convened  into  the  wheel  or  csiiniaii.     One  or  tDa<4^ 
soQtal  btiT!!  weru  attarhrd  to  it.  of  a  leiigtli  adapted   to  iJin   power 
jloyed,  whether  of  men  or  amiaats;  and  an  all'Tn  o>:.--  m\i«:-  nt.n.-i 
iparteil  to  it,  an  in  the  cdminmi  wheel  or  capMa 

figure.  No.  36,  It  nppetira  froni  Belidor,  (Tom.  li ,  .  ,  .    ,,, ,.  ■,  ,.i  -  > ; 

kind,  and  worked  by  ntn  wrr^  common  in  JDurope  pa<vioiit  to,  and  al  i 
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tuns  be  wrow.  SomednwB  tbe  bIhA  ww  pUoed  in  the  ed^  nf  the  well, 
K>  tJbiu  tfa*  p«non  thit  taoved  it  w«liwd  roMnd  ibtf  letter,  wmI  ihiu  oecu- 
pi«d  leu  ffce. 


ffa.  m.    CiKaBDa  Wk«*l  m  OifM"*- 

Ctretumtwices,  biglily  illa>lraiivo  of  Europeui  manners  during  iIm 
eirly  port  of  the  17Ui  and  jpreoeding  ceiiiurica,  art)  ftnociaied  wjih  toe  in* 
iKMiaction  of  tabff-firkt.  They  were  {mrually  known  in  Italy  in  tlia  lllh 
eanuiry,  for  iu  a  loner  of  Peter  Damiaui,  whu  died  (it  1U7S,  ueuuuo  tfl 
taadeot  i  lady  froni  Conatiuiiinoplo,  wbo  wax  married  to  the  Dogs  of 
Venice,  wmI  who  among  othoi-  iirange  customs,  reijaired  rtuH-water  to 
wudi  bcrtetC  vid  wiu  so  fadtidiotu  rcfjicctin^  licr  l^xid,  aa  to  iisu  u  fork, 
Kod  *  ^Ideo  one  too,  to  take  Iter  meat,  which  was  previously  cut  into 
null  piecei  by  her  wrvaat.  Lou.  Quart.  Review,  vol.  5S.  (April.  I&37.) 
Thry  am  mendoPKd,  (probably  as  curiositiea)  In  a  charter  of  Ferdinand 
LoTSpatn,  1101,  aiid  ill  the  wai-drobc  aceountsof  Edward  1, of  GnpUnd, 
!a  pair  of  ktiive>  with  sheathes  of  ifiiver enameled,  and  afurkt,-  uf  chr^stal,' 
■n  ipecified.  Fo.tijrc>kc,  Ency.  AiiL  Forks  were  coiiimoM  in  Italy  in 
iIm  IStli  rcuiury,  aliri'iiigb  Diiorly  unknown  in  France  and  England  in  the 
fbllowLDg  om*.  At  ilii-  clo«e  of  the  lOtli,  they  are  noticei]  lui  a  luxury  in 
FraMM),  mnd  lalfJy  uUroducM.  Hi^nry  the  FourUi's  fork  is  still  preserved 
— \\  hai  two  nmn^,  and  to  of  ateel.  Su  lar«  as  1611.  ihcy  wore  not  uni- 
venNd  ID  Paris.  In  it  n-preseni&Tion  of  a  great  feast  held  oy  the  cobblers 
in  thu  year,  and  attended  by  miuticiaiis,  &c. — no  forks  are  on  the 
taJt'li' — ilin  i:an'er  hnlJa  what  appears  to  be  u  leg  of  mutton  with  one  hand, 
while  with  the  oilier  he  euis  a  slice  off,  for  &  lady  seated  next  to  him. 
HnneV  Every  D^y  Book,  vol,  ii,  lOHH. 

Thry  w^ri'  not  used  in  England  bll  abont  Oie  same  tim«,  a  p<>rind  much 
lai«r  iliin  mi^'hi  have  been  supposed.  In  1611,  an  Englishman  was  ridi- 
fuiled  for  u*irif^  one..  Thei  was  Coryait  the  eccentric  imveler.  "  I  ob- 
«rv«d,"  he  r^ys,  **a  cnstom  in  all  those- Italian  cities  ontl  lownea  through 
the  vrhich  t  niuaerl.  that  U  not  used  in  any  other  country  that  1  «aw  in  my 
travfrld:  ncitlier  do  t  think  that  any  other  nation  uf  Chrislendomit  dotb  tus 
iv  '  '.  Italy.     Tlif-  Italian  and   most  stran^rs  tJiai  are  commuraiil, 

(  i  '1  Italy  do  alwaies  ai  their  meales  hm  a  iitlU  Jorke,  when  they 

cut  i;,  for  while   with   their  knife,   which   ibey   hold  in  one 

faatid,  '.  Ue  rocotc  oiu  of  tite  diKh,  tiiey  fasten  their  CoiVe  >nVi\c\> 
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they  bold  in  the  other  hand,  upon  the  same  diah  So  that  whatsoever  he 
be,  that  sitting  in  the  company  of  any  others  at  meale,  sliould  unadvisedly 
touch  the  dish  of  meate  with  his  fingers,  from  which  all  at  the  table  doe 
cut,  he  will  give  occasion  of  offense  unto  the  company,  as  having  trans- 
gressed the  lawes  of  good  manners ;  insomuch  that  for  his  error,  he  shall 
be  at  least  brow-beaten,  if  not  reprehended  in  words.  This  forme  of 
feeding,  I  understand,  is  generally  used  in  all  places  in  Italy,  their  forkes 
being  for  the  most  part  made  of  yron  or  Steele,  and  some  of  silver ;  but 
these  are  used  only  by  gentlemen.  The  reason  of  this  their  curiosity  is, 
because  the  Italian  cannot  by  any  means  have  his  dish  touched  with  fin- 
gers, seeing  all  men's  fingers  are  not  alike  cleane — hereupon  I  myaelf 
uiought  good  to  imitate  the  Italian  fashion,  by  r^i&  forked  cutting  of  meate, 
not  only  while  I  was  in  Italy,  but  also  in  Germany,  and  oftentimes  in  Eng- 
land since  I  came  home  :  being  once  quipped  for  that  freooent  using  of 
my  forke,  by  a  certain  learned  gentleman,  a  familiar  friend  of  mine,  ona 
Master  Laurence  Whilaker,  who  in  his  merry  humour  doubted  not  to 
call  me  Furcifer,  only  for  using  a  forkc  at  feedmg." 

In  this  extract,  we  have  a  view  of  Italian  gentlemen  '  feeding'  in  the 
beginning  of  the  17th  century,  and  in  the  following  one,  we  obtain  an  in- 
sight into  British  manners  during  the  middle  of  it.  Forty  years  after  the 
publication  of  Coryatt's  Travels,  a  Manual  of  Cookery  appeared,  con- 
taining the  following  instructions  to  British  ladies,  when  at  table.  "  A 
gentlewoman  being  at  table,  abroad  or  at  home,  must  observe  to  keep  her 
Body  straighte,  and  lean  not  by  any  means  upon  her  elbowea — nor  by  ra- 
venous gesture  discover  a  voracious  appetite.  Talke  not  when  you  have 
meate  in  your  mouthe  ;  and  do  not  smacke  like  a  pig — nor  eat  spoone- 
meat  so  hot  thai  the  tears  stand  in  yoUr  eyes.  It  is  very  uncoartly 
to  drinke  so  large  a  draught  that  your  breath  is  almost  gone,  and  yon  are 
forced  to  blow  strongly  to  recover  yourselfe.  Throwing  down  your  li- 
quor as  into  a  funnel,  is  an  action  fitter  for  a  juggler  than  a  gentlewoman. 
In  carving  at  your  own  table,  distribute  the  best  pieces  first,  and  it  will 
appearc  very  decent  and  comely  to  use  a  forke  ;  so  touch  no  piere  ofvueat 
withoui  it."  This  elegant  extract  is  from  '  T?ie  Accompluhed  Lad^s  Rich 
Clotet  of  Raritiei'  London,  1653.  Neither  knives  nor  forkd  were  used  at 
the  tables  of  the  Egyptians.  A  representation  of  a  feasting  party  is  sculp- 
tured on  a  tomb  near  the  pyramids,  a  copy  of  which  is  inserted  in  Vol.  11, 
of  Wilkinson's  interesting  work.  One  gentleman  holds  a  small  joint  of 
meat  in  his  hand,  two  are  eating  fish  which  they  retain  in  their  fingers, 
while  another  is  separating  the  wing  of  a  gooae  with  the  same  implements. 
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CHAPTER    XI. 

AfHakMr*  CM*  riM  to  awf  niM  4e»an«  (at  (haIb(  ■■ur~Cuitou(  lUtftrMaa  of  K|rpUui  lM» 
I—try  Initttum  cjaiyi  prvlMHl  tn  tka  imM — ilrval  hnibty  af  wMand  Im>*— TVa  Mwlrvnivn  cf 
tin  hkasaail  r*aal<  iJ  rcvii*  ««1  Clilna,  Mlaiipioiit  Hi  iha  ••■  of  hfrfraHlte  Mwhturt — lln'iniHiHaMi 
■■  mUNt  Tb«)i**— '^"ntUi'Ix  •*  tba  aarlr  kitivrtM  •!  Uv  EfypakM  awl  IThirMP— MriWdifr  bM4 
OD  •  I  ...J  >iil4>Uiia  .   IWlh  IncslnaUil  ■■  a  lurl  ar  tatiliua-^ttalir  lMiik>~WalBiinr  taa^ 'tlb 

Oi-  '• — An  nnflnr**!!!  <i(  iha  ImililH  ui  £mil— Hiadoo  Waicr  Kiantr — CwrliHM  diipail 

tw<»—  ii|<i«riv*,  '  Ifca  tViM  l'i>«int,'  UI  out-lrm  uf  itn(Blin»    I'— itoctjiui  id  MirMiHBf   ailb  afti- 
c«lau* — lf*M|tiif  Uulwl*  af  KfrpI,  ChlBa  aual  IIiiulaaUM.     Atuuil  iiUMiMM  o/llmaaclMit  K|7|MlaBB. 

TttB  last  threp  <:hAf)tPRi  include  moM  of  the  methnda  luJoptAd  hj  die  ui- 
otenu  to  raUe  wsocr  for  domestic  piirnows.  TJifre  U,  lioweTcr,  another 
claa*  uf  tnavliine^  of  e<|UJil  merit  maa  ininnrtttxtcr,  wlilcOt  probulily  hnd 
tfa»ir  origin  in  »^cullunj,  i.  e.  in  thr  irngmtion  nl"  land.  Pt;r»oiiii  whn 
live  in  trmponilc  climatcit,  wbort!  iirKtvT  gvm^mlly  iiltuutxt*.  cnti  vcnrcoly 
nMUiXM  ll«r  imporiatKV  of  art\^ial  irrignium  l»t  the  p<w)il«  of  Asiii  iind 
oclwr  pnrts  of  tlie  earth.  It  was  this,  whttih  chi«-ftv  coniriliuled  In  sup- 
port tlioac  «Wkrm5i  of  liumaii  htrln^i,  who  ui)rii.'iil1y  dwell  on  iht^  pUitiA  of 
tbe  £npliniiea,  the  (i«ii^<.-ii,  tlii,'  N'ilc,  and  other  1«r^f  rivi^rs.  In  I'jgypl 
ftlnno,  tbn  •■xitlonce  of  millions  of  our  »pt^cit*s  hw  in  nil  litnos  cicpwnord 
wholly  upon  it,  aud  h^iicR  tli<^  anttt^uitv  of  miichini;*  to  raisi-  wulfiruinnnj^ 
thut  peopw.  The  de^iiilioit  of  oriirntal  n^riculturc  is  iill  Init  inoompn)- 
IkiwIiIr  to  Ati  uiiififormcd  Anti-rimti  or  {Ciirojmaii-^it  la  itaid  to  consist 
lUtinfly,  "in  Imviog  siiilAhti!  riiH('hiiirj<  l(>r  nosing  wiuvr,"  a  dvfirutiuit  suffi- 
ciently drtcriptive  of  the  profvmion  of  our  fitvmvti,  but  li*w  pvoplv  would 
«T«-  8a|ip«)iM>  it  fexplaiiaUiry  of  thitt  of  x  faniirr.  It  i«  howfver  lliorally 
Inw.  Imgalioii  i*  everything— the  wholf  xystem  of  hushandry  t»  mclu- 
ded  in  it;  smI  no  (cnrater  proof  of  ilx  r^Uit-  nwd  be  ifivon,  tliKn  th«  fuct 
tjf  ondiiim  erapluytxl  to  raiM  watur  for  that  purpuae  in  Kg^'pi,  Iwing 
taxML 

The  a^ricultund  punuila  of  niiui,  niuit  at  a  very  early  period  have  con- 
viarad  him  of  the  value  of  water  in  incre».<iiig  llie  fraitfuliiens  of  tlie  Kot) : 
'       I  hut  obwtrvo  tlte  lertilizinj;  eRiils  of  rain,  and  the  rii:h   vege- 
j'lent  on  (he  periudiciil  inundaliuns  of  rivers;  nor  on  tbe  other 
L'jui'i  be  pocatbly  havv  rvniained   igiiorunl  of  tbe  sterility   cuose- 
on  tung  coutiiiuuil  dfju^hbt :  hencu  D^iluru  taught  man  tbe  art  of  Ir- 
'r^ftttiag  laud.  4iid  confirniL'd  him  m  the  pmclice  of  it.  by   ihe  betieiiu  il 
invumT'Iy  pT-l'K-eiL     In  some  countrioit  ibe  soil  wa»  thus  rendered  to 
c.^'  '<'<iliL«  U)  cxcetid  crcJibility.     lierodolus,   when   »peak- 

iiiL-  I,  which  wua  cbictly  watcruu  by  uuRciui  irrigation,  (for 

thr  .\-  w  .'I*  b(?  obiwrves,  'bad  Ujt  littlu  nuu.')  say^,  it  was  tlie  most 
Irui:!,'!  "I  >il  tbe  oouiitnea  ho  had  viuiicd.  Corn,  be  said  never  producud 
les.-'i^:  '^\>  hunUrtMld'old,  and  somutimes  three  hundred;  and  after  re- 
dtiu^  (ri/Uiv  other  exiiiiiples,  bo  rvmiu-ks,  that  those  person*  who  bad 
DDi  Mvn  tfa4!  country,  would  dpcm  bis  oceount  of  it  a  violation  of  proba- 
bility— in  other  wurd«,  a  travulur's  tale.  Clio,  193.  Five  hundred  yean 
aftvrirards.  the  older  Pliny  spiwking  of  tbe  same  country,  observes, 
"tlMire  ia  not  a  Irrritory  in  all  the  east  cornpaiable  to  it  in  fertilitv;" 
wkila  in  aiuHlier  purt  of  biii  work,  bo  rtrfers  to  tjie  eamte  of  ira  fruiliul- 
iwa* — lie  saya,  t)ic  pniiri|iul  ciire  required,  was.  "  to  keep  the  ground  well 
waurvd."  Nat.  UiuL  vi,  ■Hi.  abd  xviii,  17. 
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Mr.  St.  Jolin,  monlictn*  a  ^pcctua  dC  Iiidiitn  com  growing  in  thn 
of  Egypt,  pruili^uuHly  pn>litic.  On  «»«•  «<ttr,  thmtt  ibnuBumJ  grainm 
reckoMsl!  iukI  a  luly.  who  l'r«t|iiuntly  itiuie  thi?  i*Kpirnt»rnl  in  tti«  Tl]_  , 
bsiil,  RoiMlnntly  round  [letwreii  tiiifliitwn  haiMJFcd  nnil  two  thnuMnd. 
£eypt  and  Mtihoriitni'J  Ali,  vol.  i,  14^  Another  prnot'  of  the  vwl  i 
iiTiii~uliuit  i«  fnwKXi  liy  Horodotiu.  When  •pranking  of  that  p:u-t  of  I 
luitor  Memphi4,  ht-  uliMrvox,  thmt  thv  pcopli;  L-njnyvo  thr  fruiis  of  ihe  i:.xnL 
urtih  itiT<  «Ttialltr>it  laiMtr.  "TltifV  liaw  itu  occasion  for  tlie  pror[.>sf  mrr  the 
tnjtrHtnrmti  of  Hgnciiltun*,  uwiial  mi'l  nc<-«?«ar^  in  other  rountne?."  Tlui 
r^inurk  <if  thi;  hinturinn,  bn*  bern  nJiculed  bv  some  AUtWre;  but  its  Iruui 
hw  beun  verifif^J  by  n^ent  tnivflent.' 

Th<!  udvanlagv^  of  urliliciHl  irri^jslioii  h%v«  not  only  been  known  frotn 
Uie  earltt*»t  ugvK,  but  Nuiim  of  ihtf  nio»t  Ktupcnduus  works  which  the  uud- 
l«cl  of  man  fvnr  culli^  into  cKist*-i»ce.  wi-rw  designml  far  thai  p»irTR>5t'  i 
wark«  so  ancient  a«  to  jwr^ilcx  our  chronolu^Uii;,  nnd  to  Ta«t  a»  w  ) 
anme  hislnruins  to  clvt  them  Hcnuni^  natural  I'ormBtioiu.  Ancient  \v;..^,. 
unite  in  ofiserting  tliat  l,<tkc  At'rru  wu  '  tbu  work  of  tnoti's  bandi,*  bjmI 
Oonstniciud  by  a  king  of  liiut  nutnu :  its  pmdi^ious  oxtent.  bowBrm*,  hut 
lad  vottw  moJero  authors  to  t]Uu»uoa  its  aJlc)^  oriffia,  althoo^i  aruricial 
woriu  Mill  cxiant.  wytai  it  in  tW  amount  ofTiUxir  raquircd  ;  «»  the  IVaii 
of  China,  the  Fyrunuds,  and  other  works  of  ancicm  U^ypL  Hir  W'itliau 
ChaniliL<r»,  when  comparing  iho  works  of  the  rrmiflf  ancicnLB  with  ibntH* 
of  Urei-co,  observes  thai  the  city  of  tial>ylon  would  have  covered  all 
Atlica;  thai  a  grcotiT  number  of  men  were  employed  in  biuldme  it.  than 
there  wei-o  inhabitants  of  Unnjcu  ;  thiu  more  materials  wen  consumed  in 
a  single  Kgypli^n  t'yraiuid,  than  in  all  the  public  Eircctures  of  AUiena; 
and  that  Lake  Mnrcotii;  could  have  deluf^>d  the  I'eloponnosus,  and  rni8«d 
all  Greece.  But  incredible  as  the  accounts  nf  l«akes  Mtrm  and  Mortwcia 
mar  appear,  tbcsR  works  did  not  euqisss.  if  ihcy  rN)inUod,  another  example 
of  Egyptian  ongiitreringt  which  had  prenoiuitf  btmn  executed.  This  wu 
the  removal  of  the  Nile  iiselfl  In  the  reisjn  of  Alaci,  (the  first,  or  one 
of  the  first  eovureij;iis)  it  swept  alon^  thu  Libyan  chain  of  mountains,  that 
is,  an  mtf-  titie  of  the  valiov  tlial  conBiiiuiea  Egypt ;  and  in  order  to  nin< 
it  e(]ually  beneRciul  to  bolu  sides,  a  new  channel  was  fbmiod  through 
centre  of  the  vnlley.  iiilu  whteh  it  was  directed :  an  undcrtnking  wrfail 
indtmtoB  a  high  degree  of  sctentiSc  knowledge  at  that  early  periocl. 

Before  the  lukca  and  cunals  uf  Eg)'pt  or  China  could  have  been  lisiilar- 
takcn,  the  iiihabiiania  must  have  been  long  under  a  regular  govemttiniL 
and  one  which  could  command  the  resources  of  a  settled  people,  and  of  a 

E-oplc  too.  who  from  rvperienco  could  upprc«iat«  the  value  ni  duch  worlu- 
r  ll>o  parpose  of  irrigation,  a«  well  as  the  incfiiciency  of  prrvioua  devic 
for  the  same  object ;  that  is,  of  mafMmn  for  raising  the  water :  fijr  if 
be  supposed  the  construction  of  canals  to  convoy,  uf  roaorvcurs  to  coon 
and  oflocks  and  sluices  to  distribute  water,  pmeded  the  use  of  MAcmr 
{or  raising  it — it  would  be  ulmitting  thai  men  in  i^onuii  timet  had  dw 
ability  to  conceive,  and  the  skill  \o  execute  the  (nostexten^ivB  and  pm 
works  tltat  civil  engineering  ever  produced — tn  have  formed  lakes 
oceans,  and  oonrcyed  rivers  through  dnsorts,  trm  they  well  knew  how  i 
misc  water  in  a  bucket,  or  transmit  it  through  a  pipe  at  a  gaiter, 
feet  is.  age*  muM  nercitAarily  liave  olapaed   belore  such  wnrka  r-    ' '   ^-• 
been  dre«ii)[  (if)  ami    more   before  ihiey  could  have  been   acfi 
Iiidividiialfl  would  luinimlly  have  reeour-te  to   rivers  in   their   m 
vicinity,  fn^m  whieh  (the  Nile  for  example)  they  must  long  have  toiled 
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niiing  waur,  balbra  they  woald  ev«r  think  of  procuriDg  it  frora  otb«r 
p«rts  of  tliv  mm!  stream,  %l  du!Unc«t  vannng  from  ten  lo  •  bunOred  milw, 
or  cfHUQDt  (o  l»i>or  for  its  conv<^vance  over  such  exiensire  rptce«. 

How  citCrvmaly  aDciem.  then,  niUDl  hydroulie  machinery  Ira  in  Egypl. 
wbm  fUcb  works  u  wc  bbve  aamed.  were  e.^ei-uied  in  iime»  tliat  truit- 
pirad  long  beibre  tfao  eomnioiiceinent  of  historj/ — times  tliat  hare  been 
cunaidomi  lu  uxtcndtn^  Imck  Ki  the  infancy  of  the  world  !  Bui  if,  *»  U 
geiterHlly  siip)i>Mv<J,  civiliziiiion  and  tlie  ana  dacenJi^  thu  Nile,  tJien 
nmebiDea  for  raising  water  inun  have  been  emploved  on  the  uj^pT  borders 
of  thai  river  before  Lower  Egrpt  waa  peopled  u  all.  In  Nubia  and 
Abyaainia  they  have  ni  nil  tiinex  been  indispensable,  in  coD«e<{uenL-e  ofilie 
elvracwD  of  uie  bank)  aihI  (he  »)isence  of  rain;  while  in  Midtlle  and 
Lower  Euypt.during  ibe  intervids  of  the  annual  orerAow,  they  were  aUo 
tlw  only  resource  :  and  nt  ito  lime  even  there,  could  those  grounds  which 
lur  beyond  the  reach,  or  above  tbe  inundation,  bo  Jrngiued  without  diem. 
Tna  mrface  of  the  river  during  '  low  Kile'  is,  in  pans  of  Nubia,  30  feet 
below  the  banks,  m  Middle  Bgypt  20  feet,  and  dimini»hee  to  ih«  Delta." 
In  other  oontitrie«,  rwia-waier  was  (and  still  is)  collected  into  reservoirs 
OD  the  bijcrhest  places,  and  discrihiited  as  rfK]iiired  ;  but  nothing  of  this  kind 
oiolH  ever  have  taken  plo^c  in  the  land  nf  the  PharanhiL  We  are  inibrmed 
tke  inhahiiaota  of  andent  Thehe.i  were  nncc  thrown  into  greni  nnnsierna- 
lioil  by  a  phstKHncnon  which  they  looked  upon  as  an  omen  nf  fearful 
iinPOSl  b  wan  simply  n  jAower  of  rain  f  This  circumstance  explains  the 
opuion  of  the  old  EiIgypliiUiH,  in  tiuppofiing  tlie  (rri^eks  subject  to  fatninMr 
•>  thmr  harreau  depended  on  rain.     Hurod.  ii,  13. 

A  striking  rPMitl  d<<nved  from  an  examination  of  Egjrpiian  history, 
ofaattTTOR  Mr.  Wilkiniion,  Is  the  conviction,  that  the  earliest  times  into  which 
ablo  to  p«!Dotnie,  ririlisfA  cnmrnvai^r-r  already  existed,  and  society 
"  all  the  features  oflater  ngrn.  The  monremnip  period  to  which 
•m  eaa  sec,  opena  witli  a  nation  pouesstng  all  ibe  aru  of  civilized  life 
tdrroHy  nutliavd.  Tho  pyramids  of  Mcnipnia  were  erected  within  three 
bondred  yeara  of  the  Deluge  ;  and  the  Tumbs  of  Bcni-HasMn,  hewn  and 
paintod  with  #ubje(.-iB  deaerming  thu  arts  and  roanturra  of  a  rctined  people, 
about  six  hnndrvid  years  atier  that  eveoL  From  thenu  paintings,  sec.  we 
k«m  that  the  isanuiactare  of  linen,  of  cabinet  work,  of  glass,  of  clubDraia 
works  in  gold  Uid  silver,  bronxe,  &c.  and  nnmi-roua  gumt-s,''  kc.  were 
lliaB.  as  now,  in  vogue.  Tbe  stvie  of  architecture  was  grand  utid  chaste, 
for  Am  Anted  columns  of  Beui-Hassan  "  are  of  a  character  calling  to  mind 
t*i-  of  the  Doric."      Indeed,  modem  science  aTid  the  researches  of 

II  .i«  daily  adducing  facts  which  set  ni  defiance  onr ordinary  chro- 

Dttlitgicid  iheories.  but  which  appear  to  strengthen  the  n|Mmr>n  nf  those 
eommiTirjir-Tfl  rvf  the  scriptures,  who  consider  the  T>Rlugp  of  Nnab  to  have 
'  r  Deucalion,  loral.  not  universnl  :  o  donrine  inr-otwistem 
.  ivian  origin  of  the  mechanic  arts  generally,  and  of  simple 
II.  r  mning  water  in  particular. 

:.  fltrikinw  rcaomblnnce  between  the  early  history  ofKgypi  and 

V  r.'gard  lo  the  origin  of,  and  esteem  for  agricumine,  re- 

V -  ■  iinneete<lwith  it,  artificial  irrigatifm,  modes  nf  working 

ij  ■!  implements  used.*  This  nri  among  noth  people  was  coeval 

wun  rinrir  f^xisTence  as  nariom,  and  donbtleas  extend-i  hark,  as  ancient  wri- 
iBr»  asaen^.to  periods  anterior  to  Nouh*s  flood."     Shinncvo,  the  '  divine 


■Wllk.  Aa  EHOpt,',? 


'■■Ilia  Kkk,  sod  buIKA^lto,  gamw  of  ball,  tlimwing  buirat. 
Ilia  thliDbl*.ri9.  an  all  repreMnreil  on  Uw  nionuimaic. 
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tiusbuulnmn'  rufonibleU  Oiitri»,  11«  bcgaii  lu  rei^  S$3S.  B.  C.  or  at 
flvo  liiKulred  yvan  beibre  tbe  deluge  ;  (UhI  il  is  in  iniitutioii  nf  t)ii»  nnt 
turioji  tiiiwarcli,  tliot  the  emperors  nt  ilir  proscnt  day,  jitvugli  a  portion  < 
tunil  with  Oipir  owu  hanJ*,  snO  ftnw  difTercnt  kiitds  of  grnm.  ouc«  i.  yf 
Sucti  it  appears  wu  i>I*a  the  practice  of  E^'puiui  inuiiarclts,  for  eml 
ticul  n^presniiUiiiotis  uf  tiiein  brewing  up  tbr  soil  with  a  hue,  we  iat 
nmong  ihc  ticuljitures.  Oairis  iiutructml  them  in  tgnc:uluirff,  and  tat 
them  the  value  and  pmvtice  of  irrigatum.  He  confined  the  Nile  vii 
bttiilu,  wid  formed  tuuioes  to  water  the  huuL  On  theat*  accounu  wiu 
iilolixed  after  death,  and  worshipped  as  a  god  ;  and  iJie  ox.  which  he  uuiglis 
them  to  employ  in  the  cultivalioii  of  the  iiotl.  was  selected  to  ]M>riKinattf 
him.  In  accordance  with  ilii^  custom,  ihe  Israetiies  made  and  wurfiiipped 
[he  calf  (or  ox)  in  the  wilderness;  itnd  Jereboam  lo  graiil^'  the  igiionuiee 
or  superstition  of  his  couiitrvnieu,  placed  golden  staluos  of  them  in  X^an 
and  Betliel ;  or,  perhaps  from  policy,  introducing  die  worship  of  Apin,  u 
a  compliment  lo  Hliisbak,  with  whom  he  had  found  a  refuge  from  ihn 
wraili  of  tiolduon.  Similar  to  the  worship  of  Apis,  in  the  great  fttsti^-al 
of  the  Chinese  when  the  aun  roaches  the  Id"  of  Atjuatius.  during  whic 
a  ligure  of  a  row  is  carried  in  the  processions.  The  feast  of  Lanterns 
this  people,  is  also  like  that  of  tatnjn  anciently  held  over  all  Egj-pL  Her 
ii,  02.  rtiEi  c«Icbraied  Yv  was,  like  some  of  bis  nredecesHora,  ralscNJ 
iho  throne  of  China,  on  accoant  of  his  sgncnliuraJ  labors.  We  are 
formed  that  hu  draicRd  a  great  portion  of  the  land  ;  and  tliaL  lie  wrote  . 
vcrol  books  on  thu  culiivaiion  of  iho  soil,  and  on  irrigaiiim.  He  door 
cd  2205,  B.  C.  or  about  HO  years  after  th«  flood.  Si-venteen  years  i 
his  death,  it  is  admitted  ihat  husbandry  became  »ifstematicaUy  org 
which  ueceMarily  included  a  settled  plan  of  arliiicial  irrigaiioiu  A 
in  the  Chinese  Repository  observes,  "  in  those  early  ages,  tlic  fuml-L. 

maxims  of  thu  scicnco  of  husbandry  were  estahlisltud,  which  wi  Ian       

can  learn.  Aarc  bea*  practised  to  the  jrrtaatt  do;/."  Vol.  iii,  131.  Egypt- 
ian buabnndry  we  are  told  consisted  chiefly  in  haring  proper  maeAiitet  ibr 
TaiMng  water,  and  small  canals  judiciously  disposed  u  dismbtiti>  it  over 
their  neldi.  In  both  these  respects  it  resembled  that  of  China  at  the  pre 
sent  day :  a  portable  machitte  to  raise  water,  being  04  necessary  an  imple- 
ment to  a  Chinese  peasant  as  a  spade  in  to  one  ot  ours. 

The  mythoivgy  of  the  whole  ancient  world  seems  not  only  to  have 
intimately  associated  with  agriculture,  but  appears  ii>  have  been  based  _^ 
on  it.  To  the  invention  of  the  plough,  and  ine  irngatMUi  of  land,  all  the 
mysieries  of  Ceres  may  be  reierred.  The  great  importance  of  aericr*  " 
tore  in  furnishing  food  to  man,  induced  legislators  at  an  early  porwd 
devise  means  io  promote  il  This  they  accomplidied  by  conneeting 
with  the  worship  of  the  gods ;  and  by  classing  the  labors  of  hushandl 
among  the  most  essential  of  religious  duties.  This  system  seems  to  bavV 
been  universaL  It  was  incorporated  by  tbe  Rcmian  lawgivers  with  ibe 
institutions  oi  that  people.  Plutarch,  io  bis  life  of  Nunta.  expressly  atates 
that  some  of  the  lava's  were  dc«gnud  w  recommend  agriculture  "  as  n  pan 
of  religion."  Sec  also  Pliny,  xvii.  2.  Thvmcred  books  of  almost  all  the 
ancient  nations  placed  irrigation,  digging  of  tanks  ond  \velis,  among  l))'>94! 
acts  toost  acceptable  to  uii;  gods  ;  amThouce  tlH>  ZcndavoMa  of  thr 
sians,  and  the  Shoster  of  the  Hindoos,  distinctly  inculcate  tfae  coqvm 
of  water  lo  baireu  land,  us  one  of  ^le  precepts  of  retigioo. 

As  no  country  depended  moreupon  agriculture  for  tlw  physical  »"'' 
tical  existence  of  iu  iidiabiianl*,  than  Eg^-pt;  so  nowhere  wasr< 
neradon  for  it  carried  to  a  greater  extent.     We  arc  itdurnted  tli 
and  statesmen  uwd  "oil  Lneir  influence  in  advancing  tbe  prosf 
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tpitndvr  of  acricultuni ;"  and  a<  O^jris  mndp  hta  own  pluugh,  both  ktn^s 
ukI  pne:3U  WDTB  Bci^pttvs  oC  the  t'orn]  of  ihai  iiufjliniivDt.  ^'o  Bensilile 
wurc  they  of  tho  hleseuifrs  d«nri;U  from  agricuhurc.  thai  ihpy  not  only  en- 
breed  the  worship  of  Ogins  aad  lats  Tot  iU  (JtBcwvt-ry  tuid  introdai-tioo, 
but  caused  evea  dw  snim&b  (oxen)  dint  usiued  in  die  cuJuvaiion  of 
their  lands  to  bo  honored  witli  religious  rites.  It  cannot  diereforc  he  sup- 
posed, that  a  people,  who  thus  eonsecreU'd  aimoei  civory  diing  connec- 
ted with  huafaundry,  should  no^jlect  that  in  which  it  chiufly  consislnd,  vix : 
Irrhutihh  ;  far  ihi?  was  the  real  rAuse  of  tbv  unrazing  (ruitfuliwM  of 
thotr  soil,  and  nf  Uieir  individnal  and  national  iirosperiiy.  Thuii  Isis  U 
nftan  fiHmd  rTTprcsenli'd  unth  a  bucket,  as  an  umultim  of  irrigntion,  and  of 
tlw?  fecundity  a^  ihe  Nil*".' 

Kmm  ihi:  fon£;(Hn|;  remarks  the  great  anti^ity  of  maehineg  for  nusing 
itfr  luny  bo  inferred  ;   for  artificial  irritation  cortainly  gave  birth  to  th? 
_         valuable  of  nur  hydraiilir  engines,  if  it  b«  nut  inaei'd  the  gneai   pa- 
Tcni  of  them  all. 

The  aucintt  practice  of  ooomruGling  large  tanks,  to  collect  water  for  ir^ 
rigatioD,  ia  still  r>>lli)Wi>d  in  vanoiu  [laris  of  the  cusi.  and  their  dimenaions 
render  our  re.ierTnir*  comparutivcly  insigmBcant  In  the  Ciirnattc,  some 
are  right  milt-j  ih  Irnictk,  and  three  in  breadth.  In  Bengal,  the^  fretjucotly 
carrr  a  hundred  acn-*,  and  are  lined  witli  stone.  Knox,  In  hu  Historical 
Relation  of  CtiyJnn,  (Lon.  1681,^  says,  tho  nativoa  formed  thum  of  two 
and  three  Cilhoma  deep,  some  of  wfiirh  wore  in  length  'above  a  milA.'  (p. 
d.)  To  tbene  reservoir*,  and  the  difiiculty  of  making  them  snfliciently 
nght  to  hjild  tlie  water,  iberc  ix  an  allusion  in  Jeremiah  ii,  13.  I.^;  Cunitc, 
luciitions  theni.  Wlien  limited  quanutics  of  water  were  rei^ulred  at  a 
Jtttanec,  al  p(a>-a-s  »iluatiNi  higher  than  its  aourcc,  it  was  ofu^ii  carried  in 
veaaels  kUMwnd^  frtmi  u  yoke,  and  borne  across  tlie  xlKiiiIders.  This 
tnude  IS  still  prurr.i^i'd.  In  tlie  plains  of  Damar  in  Arabia,  ^<ratI•r  is  drawn 
&n(o  deep  wvllx,  and  ihtis  curried  to  the  fields.  Dr.  Shaw  »baerv««  of 
ti>e  cuuntry  ofUic  Eb.Mini  jMf/%>di,  (in  ancient  Mauritania)  it  has  no  rivu- 
Ida,  "but  at  supplied  tiilot^rthrr  with  well  water."  "Persia,"  says 
Vtytx,  "t»  cbi«rSv  ln^liolden  ii>  whoU'wimc  springs  of  living  waliT  to 
i|Uetich  tlia  thirst  of  platiu  aa  well  lu  living  creatures."  This  tneChod  is 
pursued  by  the  Hindoos,  .fa^wtnese,  Chinese,  Javanese,  Tariarsf,  &c.  in 
waieriuff  tiio*«  terracwt  which  they  construct  and  cutlivate  on  tlui  sides  of 
mouiilaina. 

"Tho  OiinCK."  savs  Le 
Comle,  "have  every  where  io 
Xensi  and  Xansi,  fur  want  of 
rain,  ceruiii  pits  Ironi  twenty 
to  a  hundred  aud  twetity  ieet 
deep,  from  which  they  draw 
water  by  an  incredible  toil  to 
irrigate  tliejr  land."  Thattha 
niode  of  carrying  water  to  tha 
fields  by  the  yoke,  was  prac- 
tised in  Egypt  in  anciont  umcs, 
u-ppears  from  tlie  figures.  No. 
.    _    .  .    I      ,. «        . »  ^       ^*'  «^pied  from  sculptures  at 

beni  Ha»an,  the  oldest  monu- 
il»  Bflant  in  that  country.     One  of  these  woodeo  yokes,  was  found  at 

Skm>'«  TrtT.  4(0,  4iS  J  Vnrnr.Hitt.  Vol.  i,  906;  and  cair  ramaika  w4m 
iaChBp-XIV. 
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ThebcA,  with  li>atliLT  tunin^  and  brotizc  hvcklu,  and  »  qdw  preaervMl 
Kti^lam).     The  yi>kL-  U  itUuut  tlir<.'c  t'ir<.*t  R'von  iaches  loni^,  aod  thil 
wbicli  am  ilotihli.-,  jbi'iii  stAK-cii  iticbcs.     ^jurne  yokes  had  Troni  four 
pigiiC  Blrupiit  ui-r<>i>liii^   (o   iJiif  ]iurpos(rs   for  whicli  tbcy   were 
\\\\\.  An.  Kgypi.  vol.  ii,  133. 

As  waii-rin^  ilii>  land  haa  nlu-ays  been  the  staple  omployment  in  Egypt, 
iliere  ran  lie  llnJo  iloubu  that  tlio  Ismolitcs  wnn*  employed  in  thia  •onrtm 
W(*  are  inlormed,  "  ijioir  lives  wore  mndo  hitter  tinio  them  by  hare!  l»t^ri- 
dftgc,  in  mortar  and  in  brick,  and  in  aU  maimer  of  ttrriee  in  ihf 
Aiul  in  Deiitoronomy,  xi.  10,  irrigatini^  the  land,  is  expresslv  mci.-...,. m. 
as  one  of  their  labors.     In  Leviticus,  ihev  are  reminded  that  it  was  God 
who  bronj^ht  ihem  out  of  Kgypt,  and  delivered  them  from  slavery,  who 
broke  the  bands  of  thotr  yoke  and  made  them  go  nprighi;  alluding  to 
iho  stoopins^  posture  consequent:  on  the  long  continued  use  of  the  yoke ; 
and  in  case  of  disfilMxltcnce.  ihey  were  threatened  wiih   subsenupiii  thral- 
dom, to  "serve  their  rnumios  in  hunG;er  and  nakednejw,  and   with  a  yoke 
on  their  »cck)i;"  a  literal   description   of  iht'Oi  when  lliu*  efni>l'>y<vl   in 
witlnriiii;  llie  landa  of  their  oppre«w)rB.     A  pasaa^c  in  ili«  SIm  PmiIi 
pcant  to  n-fer  expre*i»lv  to  their  deli irtrai tee  from  tltist,  and   Qiioth>  i 
rioiiN  method  of  waienng  the  aoil.     "  T   removed    hiA   nhoulder  fmiu   iho 
burden,  lilt  hands  were   delivered  from  the  (Kitit."     The  iieverity   of  x^wn 
liibur,  may  l>c  iiifrrrcd  from  tliat  of  Cliini-io*   pi-u«i>iit.<,   who  curryi' . 
den*  like  ihe  E(:^'ptians,  have   deep  impressions   worn  on  ihrir  ibM'       . 
by  ibo  yoke.  Osbeck's  Voy.  i,  252. 

[t  wiu  a  common  caitom  of  old  lo  employ  sUven  and  priaonera  of  war, 
in  walerinj^  and  workiof;  tlie  laitd.  Hcnidotuii,  i,  66,  oliHtrres  of  iIm 
LaceJemoiiiana,  that  al^cr  tJie  dtralh  of  Lycurgu»,  ihey   invaded   the  T»- 

fRMHH,  and  cturled  with  them  a  ijuantity  of  fetten  to  bind  thru-  vnrmicht; 
ut  l)iey  wero  themselves  dnfuatfd,  and  loadvd  with  their  own  fHtrm, 
were  employed  in  the  field*  of  tlm  Tcfipuns:  and  .loshua,  in  accordance 
with  ihifi  custom,  made  the  oaplivu  Gilieonite-s  'heweri  of  wood  and 
drawers  of  water."  Uaiah  alluijeii  to  Uw  imne,  Ix.  6 ;  itrangtrt  tlutU 
stand  anil/cfrj  ijour ^0ock.i,  and  ihu  sons  of  the  iditn  shall  be  yt>}iz  pifmgK- 
me»  and  your  vine  drti»»r»,  _„ 

This  figure  re[)n9svnts  a  modeni  flU 
borer  of  bLindostiui,  and  it  will   M^V| 
also  to  represent  iboM   of  China  aiia 
nlhor  Asiaiice,  who  cany  water  lo  tLeir 
^rdens  and  licldit  in  prcc)»lv  the  taiaa 
way.     It    will    b«    purceived  that   the 
form  of  the  veseols  is  similar  to  that 
of  the  old  Bgy|iiian  Pots  in  the   an- 
ceding  ti^urr,  and  that  butb  ol*  them 
servo  to  corroborate  our  views  r- 
inK.   the    origin   nf  die  funns   i-i 
and  other  doneatic  vesscla  of  l;. 
There  is  anntfaur  mode  of  •  ' 
water,  which  was   anciently   pni'  U:*. ;, 
but  of  which  wc  dn  nut  remi-nili  r   In 
have  sewn  any  particokr  iiotice.     It  is  ri'preaenied   in  PUtcs   BO.  and   75. 
PitL  Storia  UclrArtu.      A  umioJ  veSMllient  like  the    hnni    I'l'  rm    nv.    » 
tiumo  OD  tho  shoulder,  the  \tufie  attd  open  end  prui' 
the  hearer  e<iuld  dwchwye  any  part  of  it?  cnnteiits.  \ 
in  on«  figiirv  is  ctri-cted  by  means  of  a  coril  fToing  nitinJ  it,  aiid 
hrhi  in  Uic  bind.      These  vetaeU  tire  ft^rv  d  aa  targe  aa  tbv 
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dioie  wbo  OLTty  tbeiu,  u>d  appvw  to  hwv  Uivn  luniud  af  suveft,  and 
boopod. 

A«  BO  eTidunvQ  of  tin  «Dliqait^  of  wutcriug  lnod  with  pots.  wl<  nut^  ra- 
fisr  ii>  ooi!  «r  dif  cuustuUatioUB,  tu  "  A[|uiinus"  or  tbt'  "  \VuUt  I'ourer,"  • 
Snro  witicli  wu  adoputl  u>  aii  fXpn'K^ivu  lmuIiU'iu  ul'  iliat  suu»ou,  wbitti 
nuna  desecndcd,  and  Uid  luuilfi  uert.-  im>^ulLti  bv  iiulurt;  mliinir.  AlLhough 
il  tOky  v  '  '  "  true,  etc  sumv  audiurs  supposti,  ihul  toniv  of  thr  pn^ietit 
eifflu  I'  ic  were  iubjttitiitt^d  fur  iiionrunrii'nt  uiii-»at  nymi  [H.'rio<l 

of  limu.  iMisitTinr  (o  iIh*  Arirxiiiiiilir  i.-\[>i-<lilii)n — {suv  Cingni'l's  Uisecrtn- 
tlou  on  cue  names  tttuJ  iigiin-s  of  tliv  mnsli'llutiiiiis — (Jn;;iiii-  6t:e  Loix. 
Tool,  ii.)  tlicnu  ore  allien,  uhI  riim>ii<;  thviii  the  "  Wuht  Poun'r."  whieh 
are  for  ooy  tiling  known  to  \\ie  contrnrj',  original  fi^urrg;  nduiiii'd  \^y  Uie 
firn  cultivuon  of  tstranomicat  kj)owli.>J>;i-,  i,  %)>v  tin-  iintfdiiiivun  soiu 
of  ScTM,  wbo,  according  id  Josepiius,  uurc  iliu  "  invoniors  of  tlini  pixu- 
liv  von  of  wiidum  which  i«  conceru(.->t  with  ihc  heaven]^  bodii.'B  und  ibotr 
order ;"  (Auu  B.  i,  clmp.  2.)  ami  which  sigDs  were  conniiui'd  by  ihoir 
BUoeeMora,  the  ChAldINl^^  in  the  Rr^t  Ag«s  Jifier  ihc  flood,  and  have  te- 
maincd  inislutrcd  to  our  dajrft.  The  cxtrem''  nnriqniiy  of  astronomy,  and 
iii  OMiiArfum  in'zA  agrieuiUirr,  luv  undoubted,  of  which  wc  ahull  intMit  with 
other  examples  besides  the  onejim  ^vi>ii.  This  cnnntrction  wa«  the 
soorae  of  iKb  givat  tnasj  of  aymAfVica/  iatagrry  which  pervades  thf  his- 
tory, royiholngy,  and  aIrmmi  <>vpry  ihiiif;  ri>nnf!rii>d  with  the  remote  an* 
cientfi  ;  moM  ol'  whicb  \^  so  porplf'xiii^  lo  decipher,  and  the  ^rcnter  part 
of  which  hafl  defenicd  nil  aticmplii  of  tlic  mndcrna  satiafactorily  to  oxpliun. 
lo  the  titnn  of  Job,  who  in  suppo?«d  tn  liave  tired  before  Moses,  the 
cc  1  were  wi'll  known.     "  ('ui.'tt  thou  hind  the  bwopI  inflnennes 

erf    :  - .  or  loose  ihc  liands  of  Orion,"  xxxvjij,  31.     "  Which  nrnketh 

Areturus  <  hion  and  Pteiadt-A,  and  ihp  c)iainh»s  of  the  Boutli."  ix,  9,  In- 
deed. M.  Hailey  and  othera  have  admitted  thai  the  asimnomy  nf  (Mialdea, 
lodia,  and  Kgypt,  is  but.  the  wrerk  of  a  great  syetifin  of  astronomical  sci* 
enoe,  which  wiu  carried  loa  high  degree  of  peric-clion  tn  ifao  curly  agea 
of  the  world. 

Wh«ui  water  ii  only  required  to  he  rauied  two  or  thn*o  fret  from  a 
taak*or  river,  BTessel  suspended  by  funr  conU,  uikI  workcNl  by  two  mea, 
ia  very  cxtetusively  uwd  in  tlie  eaRt.  In  Kj^ypt  ii  is  onined  the  "Mental," 
the  figiin.'  of  u-lnch  is  copied  from  Grande  Dencrtftiiun. 


;.;  on  tlif  vdye  uj'  ihr  river,  u»  tli«  border*  of  which 
■■I-  enrl;  otlir-r.     Th«y  hold  in  each  band  a  cord,  tlie 
•  lit"  pidtii  lfa*-fj  covered  with  k'inh':r. 
^'-v  icaii  backwards  ao  (ls  lu  WWW 
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seiued  on  sraall  nonnda  of  cRit]>  nttsi^j   for  the  purpMc,  by  which 
weight  of  thu  body  nssiMs  in  raisUig  rtie  lewd,  fts  itU  swung  rom-ardk 
^Itcr  or  liofin  IbrmiNJ  on  tha  bank  to  receive  ii.     T'ho  mciTomciitB  lC 
men  are  rugiilatt^d  bv  cbnnting,  b  ciutom  of  gnat  antiquity,  and   adoi 
in  all  kinds  of  manTiat  labor  whoro  mon>  than  one  person  were  en^ 

Sonnrmt  hns  fignred  and  described  (Vol,  ii,  13^,)  a  similar  cont 
of  tilt-  Hindoo*.  "  Tlioy  u<te  «  basket  for  uaicnn^,  wbioh  U' 
irrifx-nrtnilik-  wich  cow  dung  ai>d  clay  ;  it  i*  &uspcml(.-d  nv  fourcorda  ;  t^ 
men  ticild  a  cord  in  each  hand,' draw  up  the  xvatcr,  und  L-inpiy  ii  in  U 
cin^  tbe  basket."  Mr.  Ward  says  this  machine  is  coiumonlv  ii»*d  in  ^^ 
eoiilb  of  Reiigiil  (a  water  the  land.  Hisi.  Himiixu.  98.  TravcliT«  m 
Cliirta  have  nntimxl  it  in  tise  Outc.  "  Where  tlu;  elevation  of  tlii^  bank 
over  which  water  it  tn  ^MJiffd  i*  inA'xug,  ihry  tomelimes  adopt  ihc  faU 
lowing  simple  method.  A  light  water-tight  iKtsket  or  bneket  is  hcU  sus- 
pended on  ropes  IhTwcen  two  m«i),  who,  by  altc-malcly  tighlening  and  pt- 
laxing  the  n>w*  by  which  ihey  hold  it  hotween  lliein,  give  a  cer 
swinging  motton  lo  the  bucket,  which  first  filln  it  with  water,  and  t 
eraptieM  It  by  a  jerk  on  the  higher  h;vel  ;  the  clastic  spring  which  ia  io 
bend  of  the  roftea,  serving  to  diminish  the  lalior,"  Uaris' China,  Vc 
368.  Chiiwse  Repos.  Vol.  iii,  IS6.  Sir  Georgn  Staunlmi  also  described 
wldi  an  engraving ;  by  whirh  tt  Hjipvars  the  Chim-sc  do  not  uw  a  Inmk  of 
«arth  or  any  other  prop,  hke  the  rjgyptians.  i"  iiippfirl  ihem  in  their  la- 
bor. Os))eck  has  noticed  a  peculiar  t'ealun;  in  working  these  bankfl*.  K« 
aay*  OliiiieiNf  lalxirrrs  twist  tlie  cords  as  thev  lower  the  vessel,  and  > 
it  IS  ntised,  liie  untwinting  of  ihem,  overtiims  il  »nd  di«ch«rgt-»  the  con 
This  mode  of  raising  water  in  Ohinn,  was  nolictrd  by  (Iiimelli,  in  16! 
althougt)  not  pnriicuUrly  dexTihefi  by  him  :  he  says  "  the  Chincaa  di 
up  Wiitor  in  a  basket,  Lwo  inen  working  al  the  n^pu." 

or  alt  eniploynivnts  in  ancient  and  modern  Kg^'pl,  ihia  may  ba  mmi- 
dered  the  inwtl  Uburioiis  anil  degrading.  The  wreiehed  pea»anl0, 
or  iteiu-ly  «o,  may  be  »«»en  daily,  from  one  and  ol'  Kg>pl  'o  liie  oin- 
the  exercise  of  this  severe  labor.  "  t  have  ween  ih»'m,"  »B_>-a  Voloey, 
"  pax*  whole  dnya  thus  dniwing  water  from  the  Nile,  exposed  luiked 
the  sun,  which  would  kill  us."  Tu  this  mod t:  of  rai«itig  Mater  lher«J 
probably  an  allusion  in  die  latter  clause  uf  the  pastiage  already  c|UOti 
from  tbe  81st  Fsalm :  "  His  hand*  were  delivered  from  the  pou," 
"  iMutett,"  as  the  M-ord  is  sometintes  Lnui>laled,  and  is  so  in  this  irts 
in  tb»  margin  of  the  common  Kiiglish  version.  Indeed,  it  waa  pertitia 
appropriate  ihut  a  Pialm.  wrilteii  as  this  woa,  lo  celebrate  the  dehi-erw 
01  tile  Israelites  IVuiu  KgyplJan  buttdage,  should  allude  la  some  of  die 
Mveresl  tasks  imposed  uiKtn  tliem  while  under  it.  Jtaising  of  water  to 
irrigate  tlto  bmd  was  oiopijaljoally  "  ths  labor  of  KotrT,"  from  which 
ihay  were  fread. 

Somo  additional  remarlis  to  those  on  pag*'  SI.  ivspecting  other  arts  and~ ' 
customs  delineated  on  Gg^-ptian  monuments,  may  imoresi  aomerBadCT-s, 

SaUingfiMk  seems  to  have  been  a  regular  ptvfession  in  anotent   Kn-r 
tod  by  prooessea  ximlhir  to  tliose  now  in  usv ;  although  it  waa  not  till  t 
13lh  cenlury  ihai  the  art  was  known  in  modern  Europe,  when   Wdlii 
Bukkum,  a  Dutchman,  who  died  in  U47,   "  found  out  the  art  of  salt 
smuking,  and  nrcserving  herrings"     It  ia  also  not  a  little  singular  that 
Egyptians  hna  a  religious  rile,  in  which,  as  in  modem  Lrfw/,  every 
au  fish.     They  used  the  apear.  hook  and  line;  drsK,  seiire  and  utM 
Part  of  a  net,  wiih  leruls  in  sink  il,  has  iK-en  fooinl  at  Tholjes.     W 
bidiridnals  had  private  Ksh-poixlB,  in  which  ibey  angled.     They  hi 
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wiili  do^;  tad  aieo  wiiii  lli«  lion,  wliicb  wu  tamed  fur  that  purpose. 
The  DOOM  or  l«8w.  aii<l  various  ira]is,  wt-m  cuiiiniofl.  Csiuc  wore 
brandml  witli  the  iivDusofUivirowiivrs.  In  coking  Lirde,  ilicy  had  dccoj's 
Btid  ncu,  like  modem  £owlcr«.  Beer  wu  an  Egypimn  buvcra^u.  and 
uoJona  a  f&vontu  escoUini — tlicso  were  wt  supurior  in  tutv  to  ours,  us  in 
tfa«  elcguicc  of  dio  buaclMttt  in  which  diu^  were  lii>d.  At  fcaAla  ihvy  bad 
nosic  Wid  dancing,  cuunut«,  and  wen  lliu  pirouettr  of  lulinn  onJ  Fronch 
artufM.  Thuy  )aA  'grace'  at  meals  ;  and  wurt>  wruatlia  of  floucrs  and 
aoat^ys.  E»«toea  in  boulM  and  oinununtA,  the  odor  of  Komo  of  wiiich 
lemauu.  Tbe  ladio*  wore  necldaec^  foniiud  of  bL-adg  of  gold,  glua, 
and  of  predoua  stones,  and  even  of  imtUiiioH  stoniM.  In  dress  tboy  bad 
eooou  and  linen  cloilm  :  smne  of  the  luu«r  were  to  fine  as  to  bo  compared 
to  woven  otr,  through  which  tlit^  pitr:<on  was  diniinctly  suon  ;  and  the  forraer 
af  paltenM  luuilar  to  thnaf  ol  modern  <^ulico«  kxekivl  flpeaka  of  "  fino 
linen  ^v'ith  broider^d  work  ittim  Egypt ;"  and  in  Exudus  it  i?  oflun  m«n- 
tiooed.  They  had  tiuue*  of  xilvor  and  gold,  oikI  clutb  formed  wholly  of 
the  latlitr.  In  ftirniturc,  carpets  and  nigs  :  ont"  of  the  Uttor  was  foui>d  ai 
TbebcK,  having  li^re«  of  a  bny  and  a  goose  wrought  on  it.  Toilet  boxes 
inlaid  with  vanotu  colored  woodd,  and  ornamented  with  ivory  and  golden 
•mds.  SoGu.  chairs,  stools  and  ottomans,  all  imitated  in  modem  articles. 
Btfdftead)  enclosed  in  raosqueio  nets;  and  pillows,  the  latter  of  wood,  the 
material  of  which  they  were  formerly  made  in  Europe.  Inlaid  works  of 
gold,  silver,  and  bronze.  Vases  of  elegant  fornu  and  elaborate  workman- 
uup  :  grtal  numbers  of  thes<^  are  represented  among  the  varieties  of  triSvU 
carriea  hyjareifners  in  Thothmes  III,  tn  whose  reign  the  Israelites  left 
Egypt.  Dour-hinges  and  bolts  of  bronze,  simitar  to  the  inodern  ;  scale- 
beanu,  enameling.  Ootd-t>eating  and  gilding.  Qold  and  silver  wire;  some 
Bpeciinenn  are  fUitened  with  rhe  hammer,  ndiersare  believed  to  have  been 
onwn,  Ve4.'<«U  uHth  spouts  like  those  of  our  lea-ketiles  :  one  of  the  best 
praofs  of  skill  in  wurkin?  sheet  metal. 

Glass  blowen  are  represented  at  work,  and  vessels  identical  with  our 
det&i^bns  and  Florence  flanks  have  been  found,  and  both  pmiccted  with 
reed  or  wicker  work — besides,  pocket  bottles  covered  with  leather,  and 
ot]her  veaeels  of  glasa,  cat,  cast  and  blown.  Goldsmiths  in  their  shops 
are  shown,  with  bellows,  blaw-pipcs,  cnicibtea  and  furnaces;  golden  b&t- 
keu  of  open  work;  solder,  hard  and  aoft,  tlie  latter  an  alloy  of  tin  and 
lead.  Stcine  cuiting;  the  form  of  the  mallet  the  same  01  ouro.  Chisels  of 
brouze;  one  found,  is  nine  and  a  c]uartcr  inehea  long,  and  weigh*  ono 
ftoutwJ  twelve  ouncea— its  form  rt^Mcrubleit  iIiom?  now  in  use.  Wheel- 
wri)^ht4  and  carriage  makers  at  work;  from  which  it  is  ascertained  that 
the  bent  or  improved  carrtAge  pole  of  mn<lt>rn  days,  was  In  iise  upwards 
of  rhn-ti  thoiuaiid  yearn  ago.  Carpenters'  and  caliinrt  maker*'  shops,  are 
r-  i;  trom  whirh   and   from  s[ioi^im«(is  of  wurk  exiiuit.  wo  leam 

f  ■fi*g  and  doweling,  gluo  and  rt'a6fn$kg  wort;  rammoH.     Adzes, 

I  <  Ota,   dnlln  and  boWA,    wcro    all    of  bronxe.      Models  of  boats. 

1  :  r  catter'i  knife  had  a  semicircular  blade,  and  watidonttoaJ  with 

the  modem  one.  Shoe  and  aaitdal  makers  had  atraig^t  and  bmi  awU; 
the  loiter  vn»  suppowd  to  havu  been  a  modern  invontiun— the  bristle  at 
the  end  of  a  thread  does  not  seera  to  have  been  used,  as  one  person  is 
■MMi  drawing  the  thread  ihraugh  a  hole  with  his  teeth.  I«astly.  Egyptian 
jAdiits  wore  their  hair  plaiieil  and  curled ;  they  had  mirrors,  needles,  ptns, 
41ld  jpwt^lry  in  grcnt  abundance;  tliey  had  fans  oiid  combe;  one  at  tlie 
latUrr  has  ti^nth  larger  on  ouo  ^ide  than  on  the  other,  and  die  centre  is  carved 
|:  '  rribAbty  inlaid.     Their  children  hait   dulla  nnd  olhcr  toyii;  and 

I'  noil  u*>^  walking  oanes  and  wore  wigs,  which  were  common. 
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CHAPTER   XII. 

ttMii)rJ||g^fci^-Oni)tilK  itu.— JiiiU  or  llioilaBtu  .  lac«liM«  awdr  or  aMlUMf  U— B*hn*<l  C* 

l««an  «Bd  fiilten— aalOf  lUf  ur  Ptailutam  HMibUio— K«cklD(  i*«ar*>rll«ICb  BtMp— rUth  Wh««L 

Most  uf  i)i«  iiiiu:)iiiii.'s  hiilicrtu  iiuiic«iit|  misi;  wslvr  by  mrniu  nf  flcxi* 
ble  ooni*  or  chain*,  u)il  an?  gi^iirmily  appiiv^ublo  ti>  wulU  uf  grno]  (JupUi. 
We  iK<w  uutbr  upon  tli>^  uxtunmaljoti  ufaiiotlwr  varivly.  whirii,  with  0( 
trxcL-piion,  (Uitj  cluuR  gf  pou)  art!  cuinpusiKl  of  iniJPxible  iii«i»ritt!j,  nt 
rxitH!  wiiiKr  tit  limited  litngLts  un\y.  AitoUi^r  im|KirtBnt  (lititiiiRtjmi  bv 
lwcf>u  Uiem  IN  tbi»^In  preUtHltng  lUHclitDuii,  thu  *  meclmmcal  povrt-ra'  nre 
dittliitct  lt\^m  th«  hydni4>c  upparalus,  i.  e.  thf  wliuvls,  pulleys,  widiJIiim, 
capilan,  &c.  form  no  esf«nUK.i  pari  uf  tho  niacbini-s  proper  Tur  mismg  tiic 
wuer.  but  arc  merely  employed  lo  irajismil  motion  to  thum  ;  wlicrv** 
those  we  are  now  about  lo  describe,  arc  madu  m  tlie,^rm  of  le»tr 
ubeela,  &c.  «nd  are  propelled  u  such.  The  foUuwiug  figure,  repr 
one  of  the  earliest  specimen!. 


Ko.  3a.     eu«W  Saltvr. 

It  b  aiiDply  a  trough  or  gnttcr,   the  open   end  of  which   rpM»  on   tbi 
bknk,  over  which   the    vnltr  is  to  bo    elevated ;    the  othf<r  end   bcii 
closed  is  plunged  into  the  litjuid,  and  then  raised  till  its  contonu  ue 
charji^.     It  forms  what  is  called  a  lever  of  the  ftecord  order,  th« 
being  between  the  fuknun  and  the  power. 


Na.31.      Uviilr.!^  (iiiltrt. 


This  figur);  rvprcsvnU  an  improvement,  bifin-c;  «  double  fitter,  ttr  Iwf 
of  the  former  anitt'd  ai>d  plaood  ncrota  a  Irougli  or  rewervoir  df«i|n>ed   I 
rewive  the  Waltrr.     A  pirtition  is  formed  in  the  tentrif,  and  tw»  op«>itiaf 
made  through  the  bottom  on  each  of  it«  sides,  l]irnuitfa    whicti  i)m'   wb 
that  U  raised  c«rapes.     The  machine   m   wot-krd   by  one  or  morw  mc 
who  altematoly  plau|[e  the  end*  into  tha  WAlt<r,   and   irnnset^ocndy  pr 


Cb4>.  1&]  The  Jantu. 

tluce  ■  oaaiinunua  ducliuw.  SAmetiows,  opening*  are  nude  in  the  bot- 
tatn  nest  thr  Uhnr^M,  anil  covcrod  \>y  &np^,  to  admit  ihe  water  without 
tJtr^  niH-euiry  nf  whollv  immcniin^  l}ii»r  ends.  MarliincRor  this  kind  are 
drKcribml  hy  Beliilor,  ntit  he  has  not  iDilirnled  \he\r  origin.  Krutn  thoir 
uioplicit^-,  tJicy  probably  date  from  rumoie  antitjuity.  Thoy  arc  ubviuusty, 
nwxlifiruiiiru  o(  iht^  .hnhs  of  Hindo»tun  and  otnur  parts  of  Asia,  and 
were  pErhapit  carried  u>  Rurop«.  (if  no!  known  there  before)  among  other 
tinenta]  ih-v\.:t_-it,  smm  nfii-r  a  commiinicaLion  with  tliat  coui»i;y  was  openod 
fay  Ibe  Cape  of  Good  Hope 


THS   JANTU. 

The  jaotu  is  a  machine  extensively  oted  in  Bengal  and  otiier  parts 

~  India,  lo  raise  waUst  for  the  irri$^lion  of  land,  and  »  lliu»  described  by 
Mr.  Ward,  in  bis  Ht»ior}-  of  the   Hindoos.     "It  consists  of  a   hollow 

)tigh  of  wood,  about  fifbten  fe«t  lung,  »x  inches  wide,  and  ten  incbea 
deep,  and  is  plucd  on  a  horizontal  beam  lying  on  bamboos  tixed  in  the 
bank  of  a  pond  or  ri\-cr.  One  end  of  the  trough  rssU  upon  tfao  bankt 
Yrb«re  a  ^ouer  it  prepared  to  carry  off  the  water,  and  llie  other  end  is 
<lipped  in  the  waicr,  by  a  man  standing  on  a  stage,  pivnjfing  if  it  fixh  ku 
jiot.  A  long  bamboo  with  a  large  weight  of  ennti  at  iXw  fonlier  end  of 
It,  i«  liutenttd  to  the  end  of  the  jantu  near  the  hver.  and  passing  over 
the  gallows  before  menijoned,  poises  up  the  jantu  full  of  M-atiT.  and 
catwes  it  to  empty  iunlf  into  the  gutter.  This  machine  ntiiieH  water  three 
Jttt,  but  by  placing  a  aeries  of  tliem  one  above  asoi^r,  it  may  be  raised 
I---  \'^.  the  wab<r  being  dischni^ed   into   small    reservoirs,    stif^ 

it  <!p  to  atlmit  the  jantu  al)ovf>,   to  be  plunged  low  enough  to  Rll 

iL"  Mr.  Ward  observe*,  that  water  ia  thua  conveyed  over  rising  ground 
to  the  distance  of  a  mU^  and  more.  In  Mme  parts  of  llenpil,  they  have 
diflVreot  methods  of  raising  water,  "  hut  the  pntviplf  U  the  Mme." 

There  is  in  this  aptiarpntly  rude  machine,  a  more  perfect  appliradon  of 
aeehanical  ecieooe,  than  would  appear  in  a  general  observer.  Ab  the  oV 
jeot  of  the  long  bamltno  lever  ia  to  overcome  the  weight  oi  the  water,  it 
might  Iki  <uked,  why  not  load  the  end  of  die  jantu  itself,  which  ia  next 
che  bank  tnifficieotly  for  that  purpose,  and  thereby  avoid  the  nse  of  this 
additional  lever,  which  renders  the  spparacua  more  complex,  and  appa* 
lenily  annccesfianlT  so  1  A  IJUle  rene<:tion  will  develope  the  reasons  tiut 
led  b>  iu  introducUon,  and  will  ac  the  same  time  tiimiah  another  proof  of 
«ricncal  ingenuity.  As  the  position  of  tlie  jantu  is  nearly  borixonlal 
when  It  dischnrgcs  the  water,  if  llie  end  were  loaded  as  proposed,  it  would 
dcsceati  on  ilie  bank  with  an  increasing  velocity;  for  the  Mreight  wouM 
be  at  the  end  of  a  lever  which  vimialty  lengthened  as  it  approached  the 
bflrixootal  position;  and  this  effect  would  he  still  further  augmoneed  by 
the  resistance  of  the  water  diminiahing  as  ibe  jantu  rose,  that  is,  by  its 
Aowing  towards  the  c-eotro — the  conaequence  would  be.  that  the  violent 
coaeitannns,  when  thus  brought  in  contact  with  the  bank,  would  speedily 
shake  it  tn  pierc<i.  Now  thitt  result  is  ingeniously  avoided  by  the  lever 
aad  its  wncrhl.  Thus,  when  the  laborer  has  plunged  the  end  of  the  jan- 
to  next  bim  into  the  Mmter,  this  lever  (as  wo  supfwisc,  for  we  have  nqt 
•cen  a  figure  of  it)  is  placed,  so  as  to  be  nearly  in  a  horiiontal  position,  by 
wluch  its  maximum  force  ts  exerted  at  the  preciso  time  when  it  is  re- 
^ii.~'l  :  •.  •v'len  the  janlu  is  at  its  lowest  position  and  foil  of  water; 
a'l  -  idcends,  the  loaded  end   of  Uic  lever  descends,   and   its 

fctvn  '■  -i-,rs  the  end   of  tlie  jantu   grnilually   to  rest.     A 

sotnev  jhl  be  |>roduced,  by  making  tbc  load  on  the  le- 
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ver  deMcnJ  into  the  water,  especially  if  its  ^ecific  gnvity  vnriiHl 
Utile  from  that  fluid.     Trsitx  liko  dili,  wtiicti  axv.  often   Tuund  in  uic 
devices,  are  no  moan  pnml^  of  Akill  in   the  oliier  met'haniciatu ;  anJ 
professors  of  the  fine  arts,  dUfiover  the  works  yf  maaiers  by  oeruiin 
actoiiaiic  tonehes,  aiid  by  die  general  effect  of  a  painting  or  sculplut 
professors  of  tlie  osefnl  aria  muv  point  bi  feaiures  like  the  aliave,  tu  pr 
thai  they  bear  the  itnpross  of  the  mtiater  mer)ianic»  of  old. 

At  what  |v>riod  in  the  early  history  of  our  speciefe  this  claai  of  ma- 
cliinea  was  first  devised,  can  only  be  conjecturefl ;   they  ere  erid^nily 
very  hiph  iuiti[|uity ;  thia  \s  inferable  not  onlv  from  their  simpliriiy.  ni 
tensive  um  ovc^r  all  Asia — where  it  may  he  said,  ntschtnea  for  raiding  wi 
tar  have  never  changed — but  also  (rnm  the  mode  of  working  them,  htf  il 
fiet.     Ever.'  one  acquainted  with  the  bible,  knows  that  numerous  opef 
tiomi  were  thus  performed.     The  juioe  of  grapes  %vas  expressed  by 
traitdin^  ihom;  and  the  tomba  of  Egypt  contain  sculpturea  rapr 
this  and  other  operations.     Mortar  was  mixed  and  day  prepared  fij 
potter  by  the  feet.     The  Chineae  work  tlieir   mangles  by   the  feet ;  an<I 
both  they  and  modem   Egyptians,  and    tlindooB,  move  a  rarietv  of  otl 
mathincs  by  the  same  means  :  among  these  are  several  for  raising  M-«t« 
as  the  Picotah  of  Hindo^ian,  (descril«d  in  the  next  cliaptcr,)  the 
pnmp  of  China,  and  wc  nuty  here  remark,  that  all  the  machines  (or  niiaii 
water  described  by  Viiruvius,  with 'one  exception,  were  jiropelled  by 
feel,  or  as  expressed  in  the  English  translation,  by  the  "  treadinc  of  menl 
Il  is  DOl  at  all  improbable,  iliai  to  the  JAVrti,  Moses   alluded  when  dw 
Ung  to  his  countr\'men  the  land  to  which  he  was  leading  there  :  "  A  la 
of  hills  and  valleys,"  that  "  drinkclh  water  of  the  rain  of  heaven,"  wbi: 
ihoy  should  not  bo  employed,  as  in  Egypt,  where  rain  was   generally 
known,  in  the  perji^tual  lalxir  of  raiMiiig  it  to  irrigate  \\\c  soil :  "  For  iW 
land  whither  iJiou  goeut  in  to  pos9«-»«  il,  is  not  as  llie  land  of  E^vp^  fr-'m  • 
whence  ye  came  out,  where  tliuo  itowedat  thy  seed,  and  taatewi 
thiffoot.'^     Deut.  xi,  10.     Some  aulhnm  suppose  this  passage  re* 
oriental  custom  of  opening  and  clotiing  tlie  small  channels  for  walm-, 
intersect  the  fields ;  but  this  triBing  labor  would  scarcely  have  been 
tioned  by  Moses,  as  constituting  an  important  ditttnctton   between  tlie  X\ 
eouncries.     Il  was  in  fact  common   to  botli.     It  is  much  tDore   prol 
that  he  referred  to  the  severe  and  Incessant  toil  atraiaittg  water,  to  wfaif 
they  had  been  subject  in  Egypt,  and  which  would  be   in  a  great  d«cr 
auperseded  in  Canaan  by  the  "  rain  of  heaven."     Me  coul3   not   potail: 
have  pointed  out  to  them,  a  more  encouraging  feature  of  tbe  counuy 
which  they  were  migrating. 

A  very  interesting  proof  that  the  Egyptians  in  the  time  of  Moses  dtfl 
propel  machines  by  the  feet,  has  recently  been  brought  to  light.     In 
of  uie  tombs  ai  Thebes,  which  bears   the  name  of  TnoTiisiE^  III.  therv 
is  a  sculptured  representation   of  someEgyptian  ieUoief  which   were  ifauS' 
worked.     We  shall  have  occasion  to  refer  to  ihem  when  we  come  to   ii 
quire  into  the  history  of  the   pump,  in  the  third  book.         This  mode 
[ransmilting  human  energy  appears  to  have   been   quite  a  fnvonte  one 
ancient  times;  for  the  purpose  of  illustration  we  will  dewnlie  one  whii 
is  identical  with  the  Janta  ;  and  is  moreover  one  of  the  rmnt  ajmrntm  it 
^monlB  connected  with  ancient  nod  modem  agriculture  in  the  cast ;  " ' 
FkoalV*  says  Mr.  Ward.  "  is  a  rough  piece  of  wood,  gonDrally  the  tmi 
of  a  tree,  balanced  on  a  pivoi,  wuh  a  beai]  something  like  a  mallet ;  it 
tised  to  separate  rice  fram  the  husk,  to  pound  brick  dnni  for  boildingv, 
A  person  stands  at  the   further  end,   and   with  his  feet  prr-s><^  it  don 
which  raises  up  ihe  head,  after  which  he  lets  tt  fall  on  the  rKe  or  bri< 
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"  Oru*  tif  tbeiM!  pedals  is  scr  up  ai  atntMl  every  kouae  in  country  pliice«." 
Till*  |iriinitiva  implrmcnt  is  aleo  in  ^ncrol  m&  In  the  uricultural  dtutrictt 
of  Cairft.  "  The  nert  thing,"  says  •  writer  m  the  Chinese  Roposilory, 
Vol  uu  ^3,  "is  to  divcitt  th<?  grain  of  the  hosk;  ihia  is  done  hy  pousdin^ 
it  in  stone  mortars  :  two  of  these  arc  placed  in  tho  ground  togniher,  ana 
hav«  corroaponditig  pi^^Ut^  of  wood  or  stom  attached  to  long  k-vcra,  A 
laborer  l>y  altomaU'tv  ttrppin^  upon  foch  lerer  pounds  the  gruin.  Ace." 
Paper  mill*  of  the  Cliineac,  by  which  the  shr«-ds  of  humhoo  and  the  fa- 
rina of  rice  arc  reduced  to  a  pulp,  ore  precisely  the  same,  and  worked  hy 
nu>n  treading  on  levers  as  in  the  jannu*  And  u'e  may  add,  that  tlic  pute 
of  which  Maearooi  ia  made,  is  kneaded  by  a  amilar  implement,  and  which 
the  Romans  probably  received  from  the  east 

Hfnce  it  appear*  ihnl  the  janiii  in  m<»rely  one  of  a  class  of  machlDCS 
of  similar  construction  and  moved  in  the  «nme  manner ;  and  as  the  pedal 
of  the  Hindoos  U  sapponed  in  bn  aa  old  as  their  agricuhare,  the  jantu 
reay  eeniiinlT  be  cnnsidfired  equally  ancient,  fnr  ic  is  the  more  important 
machinr  of  the  two.  They  both,  however,  api>car  lii  have  had  a  com* 
nj'in  nnfrin;  and  to  liavt-  come  dnwn  togethi'r  through  lh«  long  vista  ot 
paHt  age*,  williout  the  alighteitt  alteration.  The  fitcl  of  the  jantu  being 
•till  u««il  in  Irtdiu  proves  its  antiquity,  fur  it  ia  well  known  tlial  the  Hin* 
doos  retain  t)i«  nnnw  customs  and  peculiarities  that  disttnguiiitie^l  their  aii> 
et^fii'>r«  thousands  of  years  ago.  "  A  country,"  vky%  Dr.  Roliortjum,  "  where 
l}i<^  ciistotna,  maiineni,  and  even  droM  of  Uie  people,  arealnui>il  ax  perma> 
pent  atui  invariable  as  tlte  face  of  nature  itseif."  Tliist  ailachinenl  to  an- 
cient runtoms  exisla  Mrith  sinu:ular  force  in  regard  lo  every  thing  con- 
fMscted  with  their  agriculture.  Like  the  Chinese  and  some  uther  people  of 
tlie  ea«t,  nothing  oan  induce  them  to  deviate  from  t}ic  practice  of  their 
lunrfiMherj),  eitlier  as  it  regards  their  iiniileinentA  or  modes  of  cuUiration. 
And  when  we  bear  iu  miitd,  that  lite  Huidooa  were  among  the  earliest  of 
«ivi1izf d  peo[rle ;  that  it  was  tlieir  arts  and  tlieir  science  which  enlighteuedj 
the  people,  who,  in  tlie  early  ages  dwelt  in  tlie  valley  of  tlie  XUe ;  ws, 
can  nuidily  admit  llial  the  juutu  waa  used,  in  ihc  time  of  Moiiea,  and 
tluu  In  it  he  alluded  tn  the  pasnage  already  ((uoled ;  but,  be  this  oa  it  may, 
it  may  •a/oly  be  considereil  a^  a  fait  specimen  uf  priinaval  ingenuity  tik  ' 
api^ilriug  hniiian  elTurt,  aa  well  as  in  raising  wuIlt  ;  and  in  both  rcspecta  i»j 
eniitlitd  Di  the  lengthened  notice  wu  have  given  It. 

These  m.-icliines  when  worked  by  the  feet  raise  water  only  about   thnAs 
faet,  but   where   the   elevalton  is  greater.  t}icy  have   been  moved  by  tlie 

nds,  by  rnean^  of  ropes  aitd  a  double  lever,  as  in  the  next  figure  ;  die  open 
ids  Iwing  attached  by  pina  to  llm  edge  of  the  reservoir.     In  tins  manner 

icr  may  be  rwsod  bve  or  six  feot  at  a  single  lift,  according  to  the  length  i 

the  I't'tK^'f- 

Contrivances  of  the  kind  were  formerly  used  in  Euro|ie  ;  and,  as  in  the 
f»stem  world,  series  of  ihcm  were  Homotimes  employed  to  raise  wa- 
ter lo  great  elevations,  lo  the  top  of  buildiugs,  Arc  They  are  figured 
ftsd  described  io  Scrvittre's  coUecdon.  A  number  of  cislenif  are  placed  at 
equal  dindinces  oliove  each  other  from  the  ground  to  the  roof.  In  these, 
niters  Hnr  <irr«ngcd  as  in  the  Bguru ;  the  bwermost  raises  water  into  the 
Stm.  int/)  which  others  dip  and  convev  it  to  the  next,  one,  and  so  lo  die 
t.  In  liomr-.  lliir  [•utters  are  wonted  by  a  cambinalion  of  levers;  in 
,  by  rojMfs  pa&riiiig  over  pulleys  at  the  highest  part  of  the  building  and 
Wiud  to  a  enuik  that  \*  attached  to  a  water  wheel  or  other  first  mover. 
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Variooi  Eums  of  the  gutters  ore  fi^rvil.  (the  licads  of  kodo  like 
bowlfl,)  u  well  u  modo*  of  working  Hi^a.    See  flgura  No.  SS. 
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There  is  another  modilication  of  the  jantu,  by  which  w*t»r  maj 
nievd  to  great  elevations.  A  number  of  gutters,  open  si  both  rtKlf,! 
pernianenUy  connected  tn,  nnd  over  e&ch  other,  in  a  sigxag  direction,  M 
that  while  one  end  of  the  lowest  di[»  in  the  water,  lis  other  end  inrHnCI 
upwards  at  an  angle  proportioned  lo  the  length  of  the  gutter  and  ihj 
motion  lobe  given  to  it.  and  is  united  to  the  lower  am!  of  the  nuxt  ooe, 
which  also  inclines  upwards,  but  in  an  opporlu  direction,  and  is  united  Iq 
the  next,  and  to  on,  ihe  length  of  each  diminishiog  na  it  approaches  tht' 
top,  as  in  the  following  figure. 


Id  the  bouom  of  each,  an  opening  w  made  ud  Kovereij  Uy  a  flap 
r»Jr0  to  pivvrni  the  wBTpr,  wh<'n  onw  p»«  tiwott^,  fnim  r*utrnin^. 
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(he  guncn  are  aecarrd  lo  a  frame  uf  wooJ  which  u  wuspondtid  on  a  pin 
Knired  lo  a  benni,  mi  tlux  by  pulling  dit^  cunji'  oltemutc'ly  tiio  whole  may 
bo  mad?  (o  cncilluU'  like  a  |i«iKlulum.  Thus,  when  pulled  tii  ono  side, 
DOQ  of  the  lowefiC  gultm  uipM  intu  water,  and  acuopt  up  a  purtion  of  it, 
10  facihiaW  which  tho  rod  i*  rurvtd  ;  and  as  it  riieii,  tli«  liijuid  runs  along 
10  ti)«  faniier  vtMl,  and  paawng  tliruugh  Uic  valve  is  rcliuned  till  the  mo- 
dou  ii  reversed,  when  it  dowa  down  to  the  next  guner,  and  pUMing  through 
ill  vaive,  u  ngoiii  continued  in  the  tame  mant>er  to  tlie  nvxt ;  enttrring  at 
Btery  oacilUiion  the  ^Iti-r  above,  till  it  raiicheN  tlie  Iii^est ;  and  from 
vhicD  il  is  dischargf^l  inl«>  a  reservoir,  over  which  ihti  liutl  on«  in  made  ro 
prmci.  A  doublt;  sat  of  guitera,  aa  ahown  in  the  ftjjuru,  wa«  sometimes 
aoaclied  to  the  same  (ruDe,  so  that  a  cootiimouB  stream  could  b»  discharg- 
ed iaio  the  rvservoir.  Machines  like  the  above  are  moro  itifjtfniuus  than 
IwefuL  They  do  not  appear  lo  have  ever  bctn  extensively  used,  although 
ibey  are  to  bv  found  m  the  works  of  several  old  wnier*  on  hydniulios. 
The  0O&  rcprr»<-Mt>-d  liy  llie  figure  is  described  hy  Belidor  as  tn^  invon- 
lion  of  M.  Slorf  1,  who  raised  Water  by  it  16  or  I(j  feet.  Similar  machines 
were  known  in  t)ie  preceding  century.  A  pvrMlulum  for  raising  water  is 
denrribed  al  page  95,  of  the  tirst  volume  of  machines  approved  by  the 
FVench  Academy,  and  at  pnge  205,  is  a  "  hydraulic  raacnme"  by  A.  De 
Courdemoy,  similar  to  the  one  we  havt*  copied  ;  Hxrept  that  auuani  tubes 
I  used  LDSLcad  of  open  gutters  ;  they  were  also  of  e<|iia1  length,  and 
bed  lo  a  rectangular  fntme,  but  wen:  •as|ivn<lcd  and  worked  iu  the 
■oifl  monaiir  oa  No.  33. 

A  diSvrent  mode  of  working  thmic  machines,  was  devised  by  an  Kug> 
luh  ctigina«r4  (nstead  of  suspending^  the  frama  like  n  pendulum,  be 
iDode  the  lower  part  terminnle  in  rockrr*  like  those  of  a  cradle;  these 
rvadcff  '^i*  ^  amooih  hurizonlnl  plane,  a  slii^ht  ininuliie  put  the  whole  in 
Oaotion.  The  lowest  gull>;rs  ai  esch  <is4;il1ation  dipped  into  the  water,  and 
ndied  a  portiot^  aa  ia  the  preceding  figure. 


Na.M.    DMckAMCfi. 

'AiOoBg^  other  native  derices.  ta  the  Dutch  scoop,  fretjuently  used  by 
VLti  peopk  in  nisii^  water  over  low  dykes.     It  is  a  kind  o(  ooiL-fthoiQX 
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fluapended  by  eonU  trom  k  triangiilnr  frnme,  and  worked  lu  mpretent 
in  tlie  figure.     By  it  swrrnine  movement,  rr  expert  laborer  will  ihmi 
up  u  each  sirolce.  a  quatitity  of  u*uter  vqual  to  rhc  capArily  of  lh<-  shovt ' 
although  from  iu  forro.  fucii  a  quantity  could  not  )ie  n^toitMrd  in  it. 

The  Flash  \VlieeI,  U  aimthcr  t-ontrivance  to  raise  lorRe  niionbciex  of  wa- 
ter over  moderate  heights,  bt*inff  i*xi<.*n«ivcly  u»cd  in  draining  wet  laAd«^ 
pai-Ucalarly  Uic  fens  of  Kngtand.  It  is  made  just  like  rhn  wheel  of  a 
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boat,  utxl  whim  put  in  nipid  motion.  g^nc^Dlly  by  a  windmill,  it 
the  water  up  an  ineltaed  shtite.  which  u  m  curved,  that  the  jNuldle 
■wesp  cWmo  to  it,  and  conseouemly  drivt*  tlio  lii^uid  liefore  them.     The 
*\mck  water'  thrown  up  hy  the  paddle  wheels  of  tteitm  veaaeU  ii  raiMti 
in  a  somewhat  aimilar  m&nnfr. 


CHAPTER    Xlll. 


fejr  BarodMiM  iihI  MwmUu*— DMOibril  bjr  Pliay—ISaiMh  at  lodu ;  igiltly  of  ibp  HIaJwM  m  >o>IUm 
II  CUimih  KaalM — Miallar  tn  1^  nMehlBH  enipla7«d  i%  nrwrMni  lb*  pvriBtili — 1'h*  flvapi,  ■■«■  ta 
hn41*a  bf  Mafrvnel — f  ifius  of  aim  boh  Uie  citj  vl  HkiDnu — AafWDaioa  Roirii' — Fana  ■  Ij-  mmi 
bl  Ei«llih  BMUfMloriH— FiKUKB  fnoi  the  ttDraatnirfli  Chnjaicln,  lluMI«(*>Caaniu«r«|i'lif ,  *a4  Bm. 
•OB's'IlMtra  JHlatltHiridH.  Tkr  Riapa  owaacn  w  JtnrUi  ■ndSo«U)  AimrtK* — K«waplM af  IU 
)•  »atotki|  fv<lKB*~Pif  «rai  of  ii,  ih*  dUmI  nfntmuUUiam  of  any  hr^nniliT  taatfclw  '  Manlii 
if«ca>aUaM  o(  ii««tMiwUM :  W Jkio*'  pnteal*  Tot  aorlal  aavkal^a — Hacbaursl  mad  A-Aigtal 
niiU  onliluad  la  ttm  mlil  JIa  ijiw  Om  liart— t>nn— aa— Bl»fei)|i«  ranuiu  u  Cvll*  anJiiiHiu—AtHlrKativ— 
RmO*  of  ervt— Shriaa  of  Kirtrt    Bpntlii  fai^e»-Cbaaikal  d*i»)ilian>— UlaMnaind  aaawciifCk 

Of  machines  for  raisiTig  water,  the   Stcape  has  been   more  oxtenii^cK 
omJ  in  all  ages,   aiid  by  all   nations,  than  any  other.     Like   moM  it 

ftkniueiiU  for  tho  «»nie  purpose,  iu  applicHtion  is  confinni  witliin  cc 
Imttx ;  but  tlwsf  are  >uch  as  to  i^ender  it  of  general  utility.  The  in^nC 
or  swinging  bitsket,  ami  the  jniitu,  raise  the  licjuid  from  two  to  thi 
Itwt  only  at  a  till,  wrhilu  the  swajte  elevates  it  from  five  to  lilieen,  ami 
aome  cxii*^*  still  highur.  U  is  not,  however,  well  ailapled  for  greater  elei 
tions;  a  circumstancu  which  ttccoutiLs  for  iu  not  having  been  much 
ID  the  vtfb  of  ancient  ciliea — their  deptli  rendered  it  inapplicable,  a« 
eeiutraliiy  ut  uunt  du  at  tliis  day.  Iu  Egypt,  ihU  machuiv  is  named  the 
Shadoof,  atMl  in  no  country  has  it  been  more  extensively  employed.  In 
modvm  days,  touru  persons  are  there  engaged  in  raising  water  by  it  and 
the  mdntal,  than  are  lu  be  fimnd  in  any  otlier  clan  of  t]g^'[iiian  laboroi 
They  raiee  the  li<]uid  at  each  lift  about  seven  feet,  and  where  it  it 
quired  higher,  aeries  of  twujwi  are  placed  at  proper  distances  at 
each  other,  in  a  similar  manner  a»  the  Hindoos  arraiik'e  the  jantu, 
u  shown  in  lliv  Rgurc,  (No.  3d.)  The  k>wermo«t  laborer  empties 
TBawt  into  a  cavity  or  Uuin  fonned  in  the  rock,  or  in  soil  reiMJered  im[ 
vious  to  vs  atcr,  three  or  four  feet  above  him,  and  into  which  the  next  n| 
plunges  his  bucket,  who  raises  it  into  aiiottier,  and  so  on  till  it  reaches 
required  elevation.  M.  Jumard,*  nys  it  Is  not  uncommon  to  see  f 
thirty  to  fifty  ehadmilk  at  one  pUee,  raistitg  water  one  above  another. 
Eaoe,  tie  saw  iwenty-sovea  Arabs  on  one  cier  of  stages,  workmg  fourteen 
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itoable  swftpm,  i.  e.  two  on  coch  frame,  Um  bqcket  of  one  descending  u 
Ac  «3i}icr  t'laes.   Tlioy  were  relieved  every  hour,  to  that  fiftv-tbur  mco  were 

auiTtti  to  ktMTp  the  machineft  coiutanuy  in  motiou.     The  overseer  or 
[-nuuur  measured  the  time  by  the  son,  and  Mineiinic*  by  a  simple 
depsydm  or  watcrclodt. 


% 
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It  u  tmpoMilile  10  pun  u|>  tbc  Nilii  in  c:urtjun  stnu^s  nf  the  river,  wlthoat 

btiri§«uif|)ri*e<I  nt  the  nirriatUof  tlieiw  Iwem,  nnd  m  tlunr  tinc-enNiiig  move; 

neatfti  tor  by  relayi  oj'  men,  they  ant  ofl<?n  wurked  witliout  iiit«nni«sioni 

Inth  taghl  uid  dny.    Id  Upper  Ei^ypl  e>[M*cially,  whcire  From  thv  elevation 

of  the  basks  they  nrc  more  rier«vjtnry,  aiid  of  cuurxt  mor«  numt* rouK,  the 

jpeelacle  t*  amtnating:  in  a  high  degree,  Hiid  ciuinot  liul  recftil  toivHecring 

imodj  similir  sccuoi  in  the  very  mine  plac«»  in  piul  u)j;e»,  when  the  popu- 

htioB  WM  greatly  more  dcnte  than  at  present,  and  ifi+^  country  furninhed 

gn'.    ~  rounding  nation*.     In  some  parts,  the  liaiikii  appear  alive  wit]i 

CD>  I  ^nti-rby  •wapcs  and  the  eflccl  is  rt-nJen-d  »lill  more  iraprewc 

ivc  hy  1  irtd  meuured  chiintin^  of  the  laborer*,  aixl  the  incBsttant 

'  gntun  ■.  '.n^s  oflhe  maohinl^9  ihcmselvcs.     To  the  ancient  cuatom 

of  MDsin^  teftijr  rniaing  itaifr,  there  is  iin  evident  nllmion  in  iMioh,  xii,  3: 

Tbcrewre  with  joy  shall  ye  draw  water  out  of  the  wells  of  ealvation. 

The  Arabia  have  n  tnditioQ 

that   the   shadoof    wna    used    in 

fc^     ^^y  I  the  times  of  llie    Fharaoha,  and 

%*  y^^  a  proof  that  such   wa»  ihc  Jact, 

has  recently  been  fumiahed  by 
Mr.  Wilkinson,  (Vol.  ii.S.)  who 
found  the  remaiitt  of  one  in  an 
ancient  tomb  at  Theht>ti ;  in  ad- 
dition to  which  they  arr  repre- 
sented in  sculptures  which  date 
from  153a  to  1550  B.C.  a  peri- 
od extending  beyond  the  £1x0- 
duif.  No,  36  repreovnta  it  ac 
,  used  at  that  remote  period  for 
the  irrigation  of  laixl. 

Ma  &    aa  CfTptMM  ID  iM  uoni  tif  HoMi  nMD(  »ii«r  ■>}'  (he  vkmvM.    Fras  «itlp«u«>  U  Tbebo^ 
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It  nppoan  to  haw  formeid  and  of  a  aeriiM,  drtiipied  %o  nttM*  w«i«r 
tbeclevmion  feebly  pnrtmycd  in  llie  hack  gmunn.  in  precisely  itie 
wuy  that  is  now  common  in  B^ptitnd  in  the  cam,  and  m  -iKowii  in  Xo.i 
The  remark  of  a  traveler  that  &  Chineic  Mtenied  to  liim  "  an  anU'diluvii 
ruBcwcti."  might  w%0\  ei|ual  protiriet^-,  be  nppUed  to  a  modern  Arab 
raiBirig  water  oy  this  implement  from  the  Nile  ;  and  ibe  figure,  No.  3G, 
mi|jht  be  taken  as  a  probably  corr^.t  represemalion  of  an  anttxliluvtui 
laborer  cnga^d  in  ihc  nine  employment.  On  romparin^  tb<r  l*»t  two 
cuts,  the  former  havinj;  been  eketcneil  by  Mr.  \Vilkii»»oii,  from  Ufc,  but 
three  years  ago ;  and  tnc  latter  copied  from  trulpturcj  that  have  bcca 
executed  upwards  of  three  iboaaand  yeari,  we  ttee  u  otwe,  that  the  swaMi 
baa  undergone  A3  little  change  in  Kgypt,  lince  the  tjmea  of  the  Pbaraoha, 
a&  the  eoxtume,  if  anrh  it  may  be  ciitTco,  of  the  lal>orpr4  themnt'Ives;  iti  oth- 
er words  both  remain  the  aomc.  The  discovery  of  this  implement  among 
ibc  sculpture*  nf  ancient  Kf^ypt  teikds  to  corrooorttie  our  view*  ro*)>c>rtiug 
the  antiquity  of  other  machines  for  the  same  purpofc,  and  vihirh  like-  it  arc 
Mill  in  common  use  in  die  eOAt.  It  al.«o  admoniiihei  ai  not  to  n^jcci  aa  im- 
probitlilr  rir  labulou4,  current  oriental  traditions ;  sinr.e  ibt^y  air,  as  in  thv 
cane  of  thiH  machine,  ufleii,  if  not  generally,  bniniled  in  truth. 

The  ftwnpe  t.etrtas  to  b«  alluded  to  by  Heroalottia,  vi,  119,  at  xuttA  in 
Persia  in  hiii  time.     Ha  obaerves  that   Dariuii,  the  &th«r  of  Aen(c>s.  Mint 
aome  cBptives  to  fi  certain  distance  from  Suso,  and   forty  furlongs ''"-'"  " 
we.ll,  the  contenlfl  of  which  were  "drawn  up  with  an  cnginr,   lu  u 
kind  of  hiickel  in   suapendrd,  mode  of  half  a  skin  ;   it  is  Uieu  paur< n  mn- 
one  ciMem  end  al^erwai'ds  removed  into  a  .aecund."       This  appears  to 
hare  been  the  shadnof  of  the  Kgyptiuns,  aa  figured  tn  Kn.  35,  u>    ■  '     ' 
there  is  prohalily  a  reference  also  in  Clio,  19^,  where  he  »ay»  the   .\ 
atts  irrigaibd  tlieir  lands  from  (he   Euphrates  "  by  numvaf  iafwr   .f 
Aydrattiir:  taucntfj."    Aristotle  meatious  the  swapcas  in  ommnii  ugr  .. 
the  Greeks*     Dr.  Clsrka  says  some  of  the   wells  of  Gree*-*   won?   uut 
deep,  and  pulleys  were  not  used,  only  buclteta  with  ropes  «>f  twisltnl  herb*, 
■nd  sometimes  the  water  was  raised  by  a  'huge  lever,  great  stone*  Wing 
■  counterpoise    to  the  oilier   end,'     A   circumstance  connected  with   the 
overllirow  of  tlic  Syrucusaiis,  and   the  death  of  Archimedes,  in  wbi«!b  tJie 
BWape  is  refcired  to,  nmy  here  be  noticed.      ViTicn    llie  Roman  ves»«?|*,  ai 
the  siege  of  Syracuse  were   grappled    by  hooks  and   elevated   in   the   air, 
by  levers  that  projected   over   the   wails   of  the   cih-,  their   resembtancn 
to  TiJ9sela  of  water  raised  by  the  swap*?,  waa  so  atrikin)^,  that   Mai-ccllus 
was  wont  to  say,  "  Arehitnedes  used  his  ships  to  ttray  waler  mrt."*    Thia 
remark  of  the  Roman  general  clearly  shows  that  the  swape  «raa  vpry  fa- 
miliar to  him  and  to  his  countnrnw-n.     But  we  art  noi  left  to  rircomstan- 
coB  bhe  this  to  infer  its  use  among  the  Komans.     Pbny  expressly  nien- 
tionfl  it  among   machines  for  raising   wat«r.     As  the  paasage  is  bijtbly 
interesting,  and  as  we  shall  have  occasion  to  refer  to  it   hereafter,  it  inny 
aa  well  he  inserted   here.      It  is   in    the  fourth  Chapter  of  tlif?  Nineleprrtin 
Book, "On  tiardens:"  "above all  things  ibt'rv  should  !»»■  water  atcomnirti'l, 
(if  poHiible  a  river  or  brook  running  through  it,  hut  if  n4>iiher  r^n   ' 
latned,)  then  ihey  are  to  be   wnten^)    with    pit    walHr,  fi'd    with   «y:  ■-■•i  -  . 
■idler  drau^  «/»  by  plain  poles,  hooks,  and  buckets  ;  tn  JbrreH  by  pu 
ud  soeh  like,  gomg  widi  tho  strength   of  wind  vncluaetl.  or 
•/»  with  tmfK*  nnd  cratir4."     Holland's  Trans. 

The  3wa[Kf   is  extunsivoly  used  overall  Uiodostan.      "The 
moi-tiiii^  and  uvmiiog  draw  water  out  of  well*  by  bulTalKeB  ur  ojjdu, 

•  Blsluip  WiUlim  on  the  kvar.    ''  nntaich's  life  oT  MawBiia.  Wraoctiaiii's  miw. 


Chap-  13.]  Tht  Pieatah,  St 

eb«  hy  a  thwart  post,  prits^  with  a  xiiflfiricnl  weight  At  l)io  #xtx«nuty  laid 
nvcr  ooo  ftx«d  in  ihtr  earth ;  the  water  in  ilmwn  by  a  backo  of  gmt'e 
sktiL*'*  In  Mine  disthcia,  the  IliwiocM  hnv<*  «  rkkIi!  of  working  ilic 
Swape,  v/)ii(:h,  u  iar  as  wn  knaw,  »  nt^culinr  in  tin.- marl v«^  In  f'uuia 
it  14  common,  and  Uie  machine  when  tnua  prnpfllcd.  Ia  i(Hnw<l  the  Pirtaak. 

"  Near  the  u'cll  or  tuitk,  a  pMice 
of  wnorl  is  fiiKfit,  I'nrki!*]  at  th<! 
tup;  in  iliijt  fork  luinOmr  jtiern  of 
Wuoil  U  [ixe<)  (o  rnrtti  n  «wap*f, 
which  \*  furmed  by  a  png,  and 
Hlepa  out  out  n1  tlie  bnllora,  that 
the  person  who  works  t)>«  ma- 
chine ma^  vnail^  get  up  nud  down. 
Commonly,  lh»*  lower  port  of  the 
swape  la  lite  trunk  of  a  Imo;  to 
the  upper  end  \»  fixed  a  pole,  at 
the  &M  of  which  liai^  a  Icatlwr 
huckeL  A  man  gels  up  tlie  «tep« 
to  the  top  of  tlie  owape,  and  sup- 
porta  himjH'irby  a  barabno  sci^en 
erected  by  the  sides  of  the  ma- 
chine." He  plunks  the  bucket 
into  the  water,  aiid  draws  it  up  by 
his  weiphl;  while  another  pert>oD 
stands  ready  lo  empty  ii.  In  liw 
volume  (if  plates  to  the  Paris  edi- 
,tion,  lyOG.  of  Sonnotwt's  ^'^oj-Hjjtis, 
^-  the  macliine  is  represented  ralnur 
different  from  the  above.  Tlie  la- 
borer altemaU'ly  slvps  on  and  ofT 
ih4*  awape.  from  a  ladder  or  stage  of  bamboos  erected  on  otto  sid«  of  it 
Srfr  platp  23,  SonnoraL 

Th«  apparatus  vaA  mode  of  working  it,  is  more  fully  described  in  tb« 
fdllnwiiiir  ftxlmct  frum  '  Shoberl's  HindoBtan  in  Miniature.*  "  By  thr'  side 
of  (he  wcU  a  forkrd  piece  of  wood,  or  irtvn  a  stone,  ciyhi  or  r«n  fivt 
hiph  11*  fiscd  upniiht.  In  ihp  fork,  v*  fasti-iifd  by  means  of  a  [wg,  *  l«aro 
tlirtre  limw  av  long,  whirh  gradunlly  tapers,  and  is  fumi»hrd  with  MHpa 
lik«  thcMM  cf  H  bidilur.  Tn  iJie  (^xlnunitv  of  this  long  bnxm,  which  is  co- 
[nblr  if  Tiiovin^'  up  and  down,  is  alt^ilied  a  |>ulf,  to  llie  l-ihI  uf  which  it 
1  lurgi.'  k-aihur  bufkei,  Tlit:  otht-r  end  bfiiig  th<;  hoaviost, 
'■<  iiinchinu  m  lufi  to  itself,  the  bucket  bangs  in  llie  atr  iii  tlie  height 

Iff  tw'!niy  ferl :  but  to  make  it  descend,  one  man,  and  sumeiimeff  two, 
nxMinl  to  thtf  tntddle  of  the  beam,  and  as  thtnr  upproftL'h  tlie  buckL>t,  it 
sinks  tu  the  botloni  of  tlie  well,  and  fillii  itself  with  water.  The  men  then 
iiKiTe  back  to  the  oiiposite  end,  die  bucket  ts  rui5«d.  and  another  man 
empties  it  into  u  ba.iiu.  This  opcmtion  is  fwrfomied  widi  such  celerity 
thai  the  u'Qter  aenr  teams  ntHning,  and  you  com  K-antlg  ler  the  man 
mt^rinff  along  Itta  beam  ;  yet  he  la  sometimes  at  Uw  heicht  of  twenty 
fm't,  4T  L'tliers,  louchiiit;  the  grouitd:  and  such  is  his  couUuieti<:e,  that  h« 
lauglis,  suiirH,  smokes,  and  eats  in  this  apparently  ticklish  situution."  Vol. 
iv,  p.  ;i^3.  :jl,  Thi»  mode  of  applyinc  human  cubrt,  was  early  adopted  in 
the  working  uf  pumps— -a  piston  rod  being  attached  lo  each  end  of  tha 
vibrating  Iwtun.     Mr.  Larduer,  has  inserted  a  Ggore  of  it  lit  his  pgptilar 
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ircKiiM  on  PneuRNides.     It  U  figuiod  in  moif  of  the  old  author*,  iiail  wu 
iiiuflr  nicely,  copied  from  diB  Picotah.  anil  mher  oriental  micliiaei,   w' 
bnvp  hi'oii  iirop*>lled  in  a  siinilitr  muiiner  from    very    rmnniu   limes. 
Gregory's  Mechim.   Vol.  ii.  312.     K<l.  ISIfl. 

Ttie  Swupe  is  one  of  tho  iinrient  aiift  raodcrn  im|>lomeiits  of  Chi 
where  il  is  used,  as  in  Eicypt  and  [udiit,  inr  ihe  im^tioci  nf  I&nd.  It 
rrcqocnily  made  to  turn  in  a  Micknt,  (or  ibe  pa^  ttAelf  more*  round,)  i 
KddiTioii  ti>  the  ordinary  vibnuory  motion  In  v-reni  iritustiona,  this  ia  v 
deciding  iinpmvomcnt,  as  the  vcmel  of  water  when  raised  aboco  the  ed  _ 
of  a  tank  or  river,  ran,  if  drjirable,  bo  awmig  round  to  any  part  of  the 
rirrle  whirh  :i  describes.  Sir  Gcorgn  Staunton,  has  given  a  figure  of  it, 
which  Mr.  Davia  has  copied  into  his  popular  work  on  thn  Chini-sp.  Whun 
thus  cotistniriixj ,  it  is  iiccordtng  to  Croj^ut-t,  (Tom.  iii,  Origiiie  dcs  Loix,) 
idenrieol  with  thL'  cngiui'ii  itKnliam-d  by  Herodotus,  B.  ii,  ViG.  as  pto- 
ployed  in  iht!  urociioo  of  die  Ki^vilion  pyramidn;  lhtisi%  ho  supposes  wi^ns 
portable  swapcs,  or  Icvurs  ol'tb*-  firtt  order,  with  a  rutury  nioTuniwit  like 
those  of  the  Chint'se.  A  nuinber  of  thuKO  Ix-cng  plat'cu  on  the  loW' 
tier  (if  stoDcs  wbicb  formed  the  bosiA  of  the  p^Tomids,  werv  used  lo 
lliost?  which  form  the  second  tier;  after  Tvhirn,  other  s%rapcs  were  p 
ail  the  latter  and  materials  raiH>d  by  them  (or  ihtr  third  range,  und  in  liki 
manner  to  die  lop.  This  was  the  proceta  which  Herodotus  suys  w 
udoptod.  M.  GogiR't,  supposes  thai  two  swapM  were  rmplnv^d  ia 
niinmg  every  Mone,  one  at  etich  end,  aitd  that  the  levers  v,  ■  '.  r.r  .■-.^cA 
by  «  number  of  men  laying  hold  of  short  ropes  aiinrli*'tl  to  ■  thnt 

purpose.  This  mode  appears  to  acconl  with  the  r 
machines  U6ed  in  tlie  erection  nf  die  pyramids,  wii. 
bus  given. 

Il  baa  Already  been  observed,  ihol  the  engines  eroploycd  by  Artihhn«df4 
lO  destroy  the  Roman  ships  in  the  harbor  of  Syrneuae,  were  ito  luialngous  to 
the  swape,  ii.<i  to  elicit,  frnm  MarrelUu,  on  observation  to  that  effect.  In  fart, 
machines  sinular  to  it,  were  used  by  ancient  engineers  both  for  attacJcing  anJ 
defending  cities.  V'egctius,  says  they  were  used  to  raise  soldiers  tn  the  tnpa 
of  walls,  &c.  In  the  oldest  tntulattoa  ofbia  work.  (Erffbrt,  1211.)  there 
is  a  figuro  of  il,  which  is  identical  with  the  Chinese  swnpc,  end  with  that 
which  Goguot  Buppoaes  was  used  by  iho  old  pngiaocra  of  Ecjrpt.  Bar- 
baro,  in  his  edition  of  V'itruviu^,  also  figures  it.  lo  RoUm's  'Ans  and 
Sciences  of  the  Aurients,'  are  several  examples  and  figures  of  it,  opjibcd 
to  the  purposes  uf  war ;  and  among  olhers  to  the  dosintction  of  thn  Ro- 
man vessels  before  Syracuse.'. 

A  story  in  tbo  '  Ilegiac  al  Mc^ales'  sbi*ws  how  common  it  was  tn  Arabia 
in  the  seventh  and  preceding  ceniurics.  Mahomet  in  one  of  bis  vision* 
of  paradise,  "  ^aw  a  machine  much  used  in  the  Levant  for  drawing 
water  out  of  wells,  called  by  the  Latins  To/Z/riM,  und  consisting  of  a  long 
lever  fixed  on  a  post,  [i.e.the  *w.ipir,]  Enqniring  to  whom  it  belonged,  he 
was  told  it  was  Abougf-'beVs,  (ibi'  bitterest  enemy  to  him  and  his  religion 
J^urprised  at  this,  he  cxclaimon,  *  whw  bass  Abougchcl  ludo  with  pitradi 
be  is  OKver  to  enter  there  !'  Shortly  iiftiir,  he  undcrMood  die  drift  of 
vision,  for  the  son  of  hia  enemy  became  a  Mu^AuIuian,  a|H)n  wbicb  be  exj 
claimed  '  Abougchfl  wa.s  Uw.  awape,  hv  which  Qw\  drow^  ap  bis  sod  fro: 
the  bottom  of  the  pit  of  inlideli^.'  "  It  is  used  by  tho  .lapanaae ;  uiid  as 
gured  by  Miwtaniu,  the  bucket  is  raised  hy  palling  down  the  opposiiA'C 
of  tlie  \t>Kct  by  means  of  cords  attached  to  it. 

tn  Fisher's  "  Coostantinnple.  and  the  Scenery  of  ihr  S 
Asia."  I.on.  IS.!!),  is  a  beautiful  view  of  the  city  of  Mi. 
Sipylns,  in  fVda  Minor,  a  city  founded  by  Tantaiiu,  whuat.'  ULItd  puiiis! 
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meiit  bu  rBadrml  hu  naiOR  noioriout.     In  the  furt-ground  U  Kpresnnced 
foUowiD^  fi^ora  of  the  •wspe,  »  inichiue  which  the  writer  ohserveA, 

"  fom%*  B  conspicuous  object 
mfpern Uindai.-a{x  in  ihe  cul 
One  is  seen  erected  in  fvery 
garden,  and  as  trrtntion  U 
eotistnntiy  rMjuireil  in  kii 
arid  Mill,  It  it  iklw&ys  in  mo- 
tion, and  iu  dull  and  drowsy 
creaking  i«  thi-  sound  ince»- 
nnily  hcurdhj'  nil  traveler*  " 
III  this  R^iirt-  WR  behold 
not  merely  a  skoirh  of  mo- 
dem Asiuic  manners;  hoc 
one,  which  as  regards  rmia- 
:t^  oT  water;  the  madune 
hy  which  h  ia  effected ; 
animals  uround  it;  costume 
of  Uif-  iiidiviJuuls  ;  and  [lor- 
triiituw  of  rural  lifi.-, — has 
n:n)aine(]  unchanged  from 
timeH  that  reuch  buck  lo  the 
infnncy  of  our  nice,  and  of 
which  hiniury  has  presenrod 
no  records. 

[For  ihid  inwrcfiting  cat, 
and  for  No.  3d  also.  1  am  in- 
debted to  my  fi-icnd  WilliaM 
KvERUELL,  Estj.  who,  be- 
■>d«a  (rth«r  contributioiw  Ui  this  work,  undertook  ihe  tajJi^to  him  a  novel 
one,  of  i»ngravmf;  th«m.I 

Thf  swniK'  htw  probsolv  bwn  in  conlinual   use  in  Great  Bntain,  from 

the   ptrnod  of  its  suhjugoiion   by  (hf  llynuitui.  if  not  ^wfore.     It  is  there 

||uiown  under  t]if<  vtu-ious  namt^ii  "f  '  tyiiiift,'  '  Sivep,'  and  in  old  authors, 

Sv'if^-'     A  tif^umufit,  as  used  hytlir 

jitfltH^oxons,    is    here    innerted,    from 

'^(ul    i,   nf    the    '  Pictorial   Hiiiiitry   of 

Engliuid.*  copied   from  an  ancwiit  iiiu- 

tuscript  in  the  Bntitth  MuM'um.     The 

|co«timtv  of  tlm  &(iude.  her  raa^culiue 

ifTurv,  tiie  shiiieled   well,  and   form  of 

vase  or   [litclier,  are  inlere^tins.  as 

■live  of  manners  and  cusionis,  &c. 

;r  !»:»•».     The  arm  of  tlielever  to 

llt»!  buL-kel  is  suspended,  apjwars 

aly  sbori-,  hut  this  is  lo   be  attri- 

futtfd    to    ila    defectivti    rvpeesentation. ' 
The  following  sTimmary  of  ancient  Brit- 
"'  's*ic«s  is  from  Kosbroke'sEncycIo-  -"* 

of  Antiquities.       "The  Anglr>-  Hwtt,  iifia 8u« sir>p>- 

IrjU'Qs  had  a  whe«.-l  Ibr  drawing  water 
>ai  wtfUa.     Th<-y   wvtc  cotttraon   minexatioiis  to  houses.     Rinj^s  Were 
led    to   tbo    chains  of   wells.     W<:    linit   a  beam  on    n    pivot,    with   a 
Bteht  at  ooe  owl  Ibr  ntising  wsttr.     WlieeU  and  coverings.      A  lerer, 
the   fsknim  of  whidi    was   a   kind  of  gallows  over  ihe  wcU.     Two 
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bnclutt  one  tt  «iiah  erul  of  a  clntin  MUptml  M  *  vcnatilo  etifitM  otUcd 
volgolaa.  Buckets  with  iron  Koups,  and  drawing  tnttdr  from  mt^p  wolk 
U  »  punislimi'm."  Tht-  Bwapc  3p|>r>art(  to  liiivu  been  llif  prinn|Mtl  («•- 
chiira  ii)  Hn^tand  lor  riusinij;  wairr  lill  trmtn  raornt  times.  In  thi.<  17t  ~ 
CflDlury  il  wn»  used  »«  TiMMu//i/-taWM,iitu\  i»  not  yrt.  portiufn,  wholly  n 
pera«<led  1)^  the  pump.  Bisliop  Wilkin«,  in  ((p<iiikinff  of  tbt>iever  Knd  it 
npplicntii)!)  by  Aj-chimodus  in  dustroyini^  tliu  Aoiaan  nout,  asy»,  "  tt  wit*  a 
ihe  same  Ibrni  with  that  which  i»  comnumly  %utd  by  hrtusrrt  tmd  d^rra  ta 
ibp  drvwing^of  u-utvr.  It  emisUu  of  twu  post*,  uic  on»  inM^ned  perpea 
diculnrly  ;u  the  ground,  th«  otlitr  ^>piD^  JDinted  on  rnws  to  the  top  of  ii.^ 
Machemat.  M&gic.  B.  i,  Chapti.  4  luitl  12.  This  w«s  published  in  1638.  b 
173<j,  Mr.  Aiiisworth  pubhsfaml  his  cetflbntml  Latin  OictiotMry,  and  nri- 
der  ihe  word  ftw/ufnuu,  '  k  truckle  or  pulluy  utoJ  in  drawing  ttp  WBter )' 
he  adds.  "  p(?rhan«  mn  iinlikf  (hi*  Hwm'p  tntr  irmv-rt  K*r :"  hcntv  u  ibkt 
time,  it  coniiniicu  to  ho  uvtsi  for  mining  water  Ha'l  transfrrhnj'  liquids  in 
£nglish  brru'cnuv  kihI  «nulw  vKUbbMlnnents,  il»  remarked  by  Wilkins  diic 
biindrod  years  before. 

In   Oeraumy    it    wac   fmqusntly, 
uid  still   is,  a   promiucul  objec:t    in 
cuurttry  towns  and  villages,  u   weU_ 
w  ill  uno  yards.    Li  tho  fonner  i' 
was  rnK|ueiiily  orvct^  on,  or  at  Um 
end  of  bridye*  fxrr  ilio  purpose  of 
raising  waxer  froiu  river«  and  bnmlu 
In  the  famous  Nuremburgh  Chronicli 
it  is  frequently  figured.     From  m  va' 
riety    ol    different    fgmu,   wo    have 
selected  No.  40,  as  a  specimeu. 

In  (be  Cosmography  of  SeboAtaa 
Muinter,  1^30,  it  ui  represeoLod  M 
pago  729,  at  employed  for  nusini 
wntf^r  In  snpjily.  by  means  of  pipes,  a  neighboring  town.  Agricolo,  i^ 
tiis  Dc  Re  Mutullico.  bos  also  figured  a.    pp.  ii3  and  456. 
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The  .Swaps  wax  vory  cummon  in  Franco  and  ib**  n«^t!blH>p*ng  nadot 
tin  thr  EiirPiM'an  continent,   in  the   last  and   prf  ■-*.     Il 

namml  ftugcitff  in  Kranri'.     The  nld  Jhcttwmuir*  •'- 

l,fu  hKM:a]ut  W*  phut  4im|ib',  »4int  cellra  qui  >Mt  ccmti^K'nr  >j 
piriea  de  bois  souipnni*  rl'iin?  autre  par  !•  mibeti  uu  antrnm^ni,  ' 
d'nn  Msieii.  poar  ^tn  plas  ui  moim  rn  ^tiibbrr.     Lomfa'oii  {lose  m 


Ch«p.  l.f.] 


Old  FrauM  Swtpf. 


im 


in  <Ie)  bouu  raulro  buusstr.     Cob  sunes  do  bttacules  90M  Ics   plus  r.nm- 
iiinea;  on  iV-n  aurl  pour  i-lover  iJm  unux.     The  laM  seotenei*  U  Iwlicve^l 
be  Rfiplicatiiti  to  uvltv  part  □!'  Kuropn  at  the  present  time,  pcrlinna 
i|na]l*  M  u  tt  u\y  lurmcr  judhiKL 

We  sultjotn  n  dosriiptMU  of  ot»n 
jtroptwcj  by  Juinea  iiewKiii,  a  French 
ruochaniciiut,  3?  U  years  u^o,  liy 
which  iwo  buckcU,  one  m  uach  enJ, 
inay  be  used.  Ai  llie  viliroUon  uf 
llii-  beam  is  ti^riMiitiusly  cfTecled  by 
6  (-onl.inuoua  fulary  movuineul,  k 
figure  uf  It  will  bo  accupUible  tu  the 
inirlligcnt  mochtmic. 

The  levtT  U  stis|wmled  at  (he 
CfintK  of  its  length,  on  a  pui  which 
pusea  llirtiiiijh  l)ie  lower  pari  ul'tiie 
perpendicular  pi.>9t.  the  upper  end 
of  which  is  Rrnily  securvtf  to  the 
frame  and  cross  piece,  A  perpi;t)' 
dicuiar  shafl  ts  placed  imm^inlely 
under  the  lower  etwl  of  the  poai  and 
in  the  »ame  vertical  lint!  withiL  The 
upper  journal  of  the  shaft  entere  and 
Ns  (  ,^0.   tSHi.  lams  in  the   end  of  tite  po«(,  while 

it0  lower  one  is  received  into  a  cavity 

tB  lii«  htodl  upon  which  it  rests.     This  shaft  forms  the  axis  of  an  inverted 

of  fr«me-work — a  section  of  which,  rest'inbhnguii  hyperbolic  curve. 

«0  it  rovolves  oD  tiie  under  side  of  t)ic  swape,  otid   imftarte   to  it  th« 

liT     '  riient.     To  JesBcn  die  fnction.  two  long  rollers  are  fixed  to 

md  upon  these  only  docs  the  curved  edge  of  IJie  cone   act. 

\iv  shjiti  may  of  course  be  turned  by  any  motive  power.     In  the  hKure. 

horiEontal  water  wheel  is  attached   to   the   shaft,   with   oblitjue   paddles 

rhich  receive  the  impulse  of  tlie  stream  in  which  they  are  placed.     This 

;vice  may  servo  as  an  example  of  mechanical  lact  and   resource  in   the 

^rly  pan  of  the  16th  century,  whun  practical  mechauJcs  began  to  be  cid- 

'ti'vated  as  a  science. 

The  swape  is  cotaraonly  used  by  the  farmers  on  this  continent,  in  the 
»■■■'■■  t' wbuse  dwulliags  it  may  be  seen,  more  or  Inss,  from  the  St. 
1  lo  the  Miasissipfn.     In  some  of  the  staltis,  it  »till  bears  the  old 

ih  naiuv  of  tli4*  *  ^weep*  B£  in  Virginia — in   oth^re  it   is   named   the 
^twlaiice  jNiU'.'     It  |>rrvails  in  Mexico.  (Juntral  Amcricti,  Pcni,  Chili,  and 
L*in"  :         ■  southern  roniinniit.     Thero   is  soiav  uncertainty 

B«p'  -.'1  known  here  before  tijc  arrival  of  Eurupvonsin 

i«  t '  _s .     S(>i.'  remarks  cm  Arident  Amorican  Machiuus  m  tho 

It^  .  ih"  IiMi.k. 

hav«  bot-n  used  in  all  timcfl,  for  Wttierinir^«r//riM 
■served  of  Asia  Minor,  it  is  there  seen  crocted   in 
imiHtt   every  oin'.     No.  -13    represfnta   it  employi^   in   tho   ^rdena  of 
^pyp*  "lurinp  iIiB  N.jmirn  of  the  Ismeliifa  in  that  country.     The  tree  and 
~wi  ftTT  miimmi  liicn>);lypbicsl  reprcscnintions  of  gardens. 
Ttw*  labo'insr  discharges  the  eonicnta  of  his    bucket   into   a   wood- 
en trtiugh   or   euuor,  by  which   the   water  is  convryod    to  the    plaiit« ; 
ft  -     '      ■ 'I    r.ilftwcil  through  all  the  cast.     To  this  Bpjplinuion  of  tlie 
19  probAbly  a  rcfcreticc  in  the  prediclkin  of  Balaam,  Ae^vet* 

*ej  ,_n,,-  \.\,<,firi;i jfgmn  i/hrr  these  ^itres-w-erc  sculpmred,  *  He  ftbai\  ipaut 
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.waun*  nut  of  liii  liii<-k«U,  and  liix  iwed  ahull  In-  in  many  vrntor>,  (N'l  " 
^Xxlv,  7,]  anintimuliori  tlial  tliv  I*ra>>lilea  aliouttl  puwctJi  a  country,  \r  >.  i- 
tbia  ffKal  deiiiiitiratum  sliould  In:  in  comparftlivc  nbuniUnco,  n  land  "  w«- 
lorvil  03  a  gitrdi^n  nf  lit^rli*,"  TIk  (tgurc  may  Mtrvi*  ■Im>  to  iHiutrvte  the 
*  gutters  and  watering  tmiifjlu*  in  whicli  Jacob  w«ti]rt;d  the  flodu  of  La* 
ban,  his  father  in  luw.     tjvn.  xxx,  38. 
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Ra.  A     BcvpbU  StadMl'  vniiliijr^J  in  ■■Iprtor  ■  (»'>■»•     tUli.  K-  *' 

The tuxurisneeoT  vegetation  in  an  ua»t<rrngard«D,(M^l)«n  (>ro)M9Hy  watrr- 

ed.)  tlie  richness  ofils  scenery,  U>e  beatily  of  its  foYi*^  una  flower*,  fore 
one  of  ttie  most  enchanting  proupccU  in  naUin- ;  hcnw  \t  became  tiif  moi 
fii%-orite,  as  it  was  the  niosl  natural,  niriaphor  of  human  felieltj-.  Win 
the  prophets  promised  prusptTity,  it  was  in  »iich  Ungnage  as  the  follow 
"  Tliou  shall  belike  a  watered  garden,  and  like  a  spring  of  wsIlt  whu 
waters  fail  not,"  and  "  their  «oi»l  -shail  be  ae  a  watered  garden."  On 
contrary,  when  the  wicked  were  denounced,  "yo  shall  be  as  an  oak 
wliose  leaf  fiidedi.  and  as  a  garden  that  hath  no  water."  The  same  roe* 
taphur  is  B  freQUent  one  in  ancient  poets,  and  in  nioH  inffsnce«  the  use  of 
this  iwape   is  implied.     Tims  Homer: 

.\NWbrn  auiuinnat  Bf'n-i'<  avrv^fn  tbaaky. 
And  Uialaut  blvwn  ihe  ttniUrtil  gardrnt  dry. 

And  Ovid : 

As  in  a  waand  garJm't  blaoining  walk,    Mtt.  s,  977. 

Pliny  mentiona  it  expressly  for  the  same  purpose,  and  to  tt  Juvenal 
•MUDS  to  allude  in  his  third  satJrc: 

Tlwre  dam  diB  »lutU»ie  well  vcMir  lisod  nbaO  pour 
Tin  firvain  it  toTo*  on  every  opvninc  dowar. 

This  use  of  the  swape  is  not  now  confif>ed  to  the  ^rdens  of  fallen  Asia, 
^^?P'  and  Greece,  Imt  it  is  emplityed  by  the  moat  enlifthtent-d  iiatioiM; 
ana  in  XHmduo  aiid  in  Paris,  as  in  Athens  and  AtexaiKlna.  ^telIlphi■  and 
Thelir*,  tiiia  pninitive  implement  has  not  been  snprr^rdt-il  Tu  Brrtffn'i 
China,  Lan.  IK34,  tlie  Chine-oe  swapc  is  de.icribetl ;  and  'I 
serves,  '*  it  i«  similar  to  tliose  which  ure  seen  in  the  tmtiltii 
JjondoH  :"  anj  In  a  mmf  rt-cem  work,  *  Scripture  illn-' 
iiin  .\nti(|iiiiK'v,'  the  aulhiir  speaking  ot'  the  Egyptian  »>' 
sam*"  u*  wji''!  Ill  the  ^anlrva  ii/'  lirrnf/aril. 

Of  ill"  vwape,  it   lony  hv   rfmarkral,  tluil  the  moM  ancient  pnrtnsil 
extant,  of  any  hydraulic  m<icAinr,  is  a  sciitplnred  ivpieHuittatmn  nf  rr, 
twtira  tbren  and  tour  tliousaiiJ  vearsold.iuMjcven  at    i):nt    mnridi*' 
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it  waa  in  sll  [)rohabiIity  a  very  old  afTnir,  vkl  in  cxnnmon  tuc.  TIwbc 
ftcalptures  moreover  prove,  that  it  ha*  rcnuuiipd  in  Eg,vpt  aimllered  in  il*i 
f(>rTii.dimciunonii,  moJc  and  maiiinal  of  \w  cnnszruciioii  and  melhndfl  of  u»- 
rng  ill  during  at  Uau  tliinv-iour  cffitiirie^  !  and  ihi»,  nntwithRtai>ding  the 
policinaJ  cnnvuUions  to  which  that  country  him  evnr  been  aiihjcct,  siihk  iu 
cofuiuest  hy  Camhyi^a ;  its  inhnliitanLi  hann^  lM>cn  euccesHvely  tmdBr 
the  Persian.  CSreeian,  R^man,  Sarnccnip,  and  Turkish  yoke,  thiis  literally 
fiilftUit]^  a  praphM>y  nf  Ezekiel,  thai,  "  there  shall  be  tut  longer  a  prince 
of  lh«  land  of  Egj-pt," — a  desrcndant  of  ita  ancioni  kin^;  yet  through 
•11  thfiflfl  mighty  revololions  ihat  hove  swept  over  it  like  the  fala!  ^imuont 
and  destroyed  every  vita)  principle  of  its  nncieni  ^undeur,  this  ticnple 
machine  Inu  past  through  thom  all  anehangud,  and  it  still  appliod  by  the 
iuhnblTAiitji  to  the  tame  purp'}M.':s.  and  in  precisely  ihu  suniu  way,  for  which 
it  wiLji  used  hy  ihutr  more  enlightened  prugenitors. 

Wk  havt!  A^eii  il  uvvd  liy  ttiv  (rrueks  and  Kumans.  and  we  Hnd  it  sdU 
in  the  poasemton  of  their  deswndnnts.  when-ver  tht-y  dwell,  as  well  as 
among  those  of  mort?.  ancient  people,  the  Hindoos,  A  mhs,  and  Chiaeso. 
And  alihoitgh  we  may  he  urvahic  to  keep  il  constantly  in  view  in  Europe, 
ia  ihow-  ft"««  which  immediately  followed  the  full  of  the  Koman  power, 
when  the  ferocious  tyrnnny  of  \he  Saraoetis  eatablishcd  a  despoHstn  over 
&B  mind  u  well  as  the  body  ;  ntHl  by  the  charactcrisnc  xeal  of  Omav, 
entailed  ignorance  on  ihe  future,  by  eonsumini;  the  very  sonroes  of  know- 
ledge ander  the  baths  of  Alexandria  ;  yet,  wnnn  in  the  15lh  century,  Hie 
homan  intclleec  he-gan  To  iihake  off  the  Icthar^',  which  during  the  long 
night  of  the  dark  ngt^!l  had  paralj-zeJ  itA  energies,  and  printing  was  intro- 
doccd — that  mighty  on  which  is  ordained  to  nway  the  deMinies  of  our 
lace  forever — among  the  rarUat  of  printed  bookn,  with  illtiMnuion«,  this 
intenMcinr  implement  may  b<?  Imind  portmye*-!  in  w^tittta.'in  tnetatef 
eiticM,  ancTof  nrnii  UJ'r  ;  tangible  prooffi  r>(  ita  nnivertial  use  tJirouglmut 
Europe  at  that  time,  as  well  as  during  the  preceding  ngca. 
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Having  referred  in  this  and  iu  a  preceding  chapter,  to  the  *  Maihemaiioal 
Ma^.c*  ot  Wilkins,  we  subjoin  »ome  remarks  oit  the  mechaiiiciU  specula- 
tions of  ihsi  and  (iiher  old  church  dignitaries.  |Tbi.Me  remarks  were  at 
bst  deogned  for  a  note,  but  huve  been  too  fur  extended  lo  he  ineened  as 
I.]  Thrlbmierwoscertainly  oneof  the  most  ingenious  and  Imaginative  of 
awcig  that  ever  watt  made  a  bi-ihop  of,  and  not  a  few  Itavc  wum  the 
taitrc.  'The  Right  Reverend  Father  in  God,  John,  Lord  Bishop  of 
(Hicilcr,'  (hke  friars  Bacon  and  Bungey,  the  Jesuit  Kircher,  the  Abbe 
Hicai,  and  a  host  of  nthera,}  excelled  equally  in  mechanieiU  and  ihvulogi- 
cal  KiietK4.':  atvi  at  one  period  of  his  researches  in  the  former,  »uenied 
•hnuft  in  danger  of  rendcnng  the  latter  <tupei-lIuou9 :  vIk.  by  devalupiug 
a  plan  of  conveying  men  to  other  worlds  by  machinery!  See  his  Tract  on 
on  lh«  'lliscovery  of  a  New  World  In  the  Moon,  atid  the  nosaihiliiy  of 
%  poasriL'  -  ■     Lon.  IG38.     After  removing  with  a  laciliiy  truly  de- 

Rgfatful,  i"Ctions  to  such  8 'poasogr*  os  arise  from  the  'extreme 

<v)jdm>as  iuitl  Liuiiuesi!  of  tbe  ctheriol  air,'  *tlic  imiuml  heaviness  of  a  man'* 
bo'K,'  itmi  'ihe  v^xt  diFmncenf  ihiit  plane  from  na,'  and  the  cDnsu(|UMit 
III'  ■        '  -iunng  ao  long  a  journey,  tliero  being,  as 

111-  iiTi  posaengara.  nor  any  rustles  in  ihe  air  to 

ncvivo  poi'  — he  j'rop<>&*>»   three  inodo«  ut*  aceoinpliahing  llie 

nbjed.      1-   t'.  .'i>licuiinii  of  icinfit  to  thu  body  [  'as  angeU   ore  pio- 

lBr«d,  as  Mtrrtiry  and  Usedahis  ar»  feigned,  and  as  boa  bceiv  oncm^Uj^ 
(7  diven,  particuJarJK  6^' a   Turk  ia  Constantinople,  «a  BusW^u«  t«- 
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lftU».  a.  "Bv  riu'Biw  nf  hiriJg,  fnr  a*  Iip  c|U«mily  says,  "If  tl 
a  gn.'at  r«<Til  in  MM>liie;A»'Ai-,  u  MKi-r:ua  t'olu*  the  VatrtntH  n,i 
fr:BtKt;rii  ill  U'lit>«0  wiu^  arc  iwolvf  feot  loilg,  whifli  tah  acttop  U}i  » 
and  tiia  ri<icr,  or  oji  clefihaiii.  tu  our  kitca  <lo  n  motiar ;  why  thfn, 
but  iP&chiitg  uHD  of  tlic^o  to  <:«rry  a  mnn,  atiJ  hf  rnay  ride  iip  thither, 
Gfinyniode  did,  upon  uti  eagle."  3.  Or,  "if  iw'ithcr  uf  ihi^e  way* 
ftfrvc,  Vi^l  [  lio  trnrmtit/,  and  ti^ton  gfioii  gniirnd,  ntKrm  it  ponxiblf  In  mn 
a  Jlying  chartot,  in  which  a  innti  miiy  sit,  and  give  siirh  u  motion  unto  it j 
kliall  rOtivry  him  throngh  die  air;  uid  this  porha[is  Tniglil  be  toftdo  U 
enough  tn  carry  divt-nc  men  at  the  ftiune  time.  Uigt-tlier  witli  food 
their  riatieum.  and  mmmodilirt  fur  tra^."  The  conirniolinn  of  *iic 
chariot,  he  iay«,  was  'no  difltcult  matter,  If  a  mnn  hftd  letanrt*  in  xbt 
metre  Mrticutarly  the  mean*  of  enmpofling  iL'  It  !a  lo  be  recalled  t 
hf  Hit!  not  prelonnil  vime  nf  hih  Uhnrfl  for  thai  puniiue,  espeeially  a» 
project  WR1  not  merely  to  iikim  along  th<^  .lurfno-  nl  ihiit  plaiiol,  lihf*  mo- 
dern aeronaiilii,  or  ancient  na^'igatora  eTvepinff  along  shorea — but  like  Uio- 
l)»er  Cohimbtis,  tn  Uuiirh  out  iiiUi  tlie  unkiiouii  ref^wMu ufi^iace,  iii  aearcli 
of  other  Vrorld*. 

Had  Wilkins  been  a  countryman  h»  well  as  a  contemporary  of  GalU 
bis  serial  flights  would  have  been  confiiio<^l  to  a  diiiigenn,  and  the 
of  his  ^nius  would  havft  been  efiectually  elippt-d  with  Ronuui  •befl 
Indeed  wo  must  admit  that  he  was  die  greater  sinner  of  iho  two!  for 
Galileo  merely  inught  the  absurd  doctrine  of  the  sun's  stability,  and 
tlic  cnrth  moved  roand  it,  in  opnofidon  to  the  evidence  of  hta  senses, 
the  doctrines  of  llie  church,  aiia  In  flat  contradiction  of  tbo«c  pa&wgvs 
the  Bible,  which  Bellarmine  adduced  ns  proofs  indubitable,  that  the  sun 
'riseH  vp'  in  the  east  every  morning,  and  'goes  dotiC  in  the  west  every 
night,  and  that  the  eurth  is  established  and  'cannot  be  moved.'  ^VHe^cat 
the  hereli<»l  bishop,  endeavored  to  open  a  way  by  which  men  could 
vint  other  worlds  when  they  pleased,  and  tliat  too,  without  cunsulting,  or 
so  much  as  staying  'by  your  leave.'  to  the  cucccs«ors  of  St.  Pett;r! 

The  earlion  Rnglirih  aeronaut  wna  Elmer,  a  monk  of  thi?  tllh  century. 
Uh  adaptfd  wings  lo  his  hamlo  and  feel,  and  uwk  his  flight  fmm  <> 
tower.     He  sustained  himself  in  the  air  for  the  space  of  a  furlong.  I 
career,  (like  thai  of  Donti-  in   the  fifte^nch  century)  U'rminaled    i;i 
iiaiely,  for  liy  Homo  demng<?inenl  of  his  macliiitery   he   fell,  und  bn: 
legs  were  broken.     Dante,  afler  opveral  succeaafuL  experimentA,  full  on  ihc 
roof  of  a  church  and  broke  hi«  tJiigh. 

Tl  ia  a  singular  fam  in  the  history  of  the  arts,  thai  mecltuniual  skill  was 
in  former  times  iutimaiely  conrtectcd  «-ith  thealogtai  pursuits,  and  thitt 
some  of  tlic  cleverest  workmen  were  ecclesiastics,  and  of  the  bighesi 
^radea  too ;  witness  Gcrbert,  Dumiaii,  Albertiis,  and  many  others.  Th<i 
first  was  a  French  mechanician  of  the  lOth  century,  whose  researches 
led  him  at  that  early  period,  to  experiment  on  sicam,  and  on  lU  apphcatid 
tn  produce  music.  He  wad  successively  archbishop  of  Rheims  and 
venna,  and  in  99{)  took  hiit  scat  in  Sl  Peter's  chair,  and  wa«  r 
la  the  world  as  Pope  Sylre«er  II.  Ir  may  now  appear  m 
monki  and  frium,  abbots,  bixhops,  nrchhishops  and  pope*,  yhould  t>  n  i  <!••■ 
amons^  ihe  chief  culliviilors  of.  and  most  expert  manipul.inir'*  in  tJ»c 
and  tlutt  lo  them  we  are  ;^-aiIy  indebted   fur  their  pn-.*'  t  li 

the  dark  a^t:  bm,  in  tho«i-  tim>'ft.  it  waa  »o  far  from   )■■ 
derognlory  in  <               '  ■•t  lo  work  at  'a  Inule,'  ib 
acconnU'd  niiv                   ■nlu-n  nf  thf  rinireb  :  !i 
cv|M)niDrs,  1^.' 
copy haa.  Sec.;   .    n      ,■■■■■■    ■-. -.■>-!  .■   -..^-i. 
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N/.  uur  luoDunom  of  Anijw,  in  whicli  Ourn 
^.  Uiat  wrvwl  for  ihu  prolit  ur  thu  jieople 
thv'ir  baiiils,  accunliu^  U>  £}L  Paul's  doc- 
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uChnet.  liviuy  L^  l!ic  Uixji-  vi 

■nsu."'     This  wu  m  tbtr   dlli  t:vnr.urj^',   wbuu  PtUigwt  bvloui'cd   to  the 

ttnii:  muE:4story.     In  tlie  7ih,  "atmust  ail  rauulu  wvrv  udJictwd  to  mtuiual 

At*."  (iiiii  ticc'ixlmg  to  Su  Butiedict,  such  ool^  u  lived  1>^'  ilwir  own  kt 

har, "  wreru  truJy  munlu."^  "T'^tny  madle  tta^M/J  £to>  tt<aref  to  fCnm^cn, 

'ortlw  uac Jbvuofitj  uf  Uieir  moDuturie,  vot  soinewhat  cheaper  than  others 

•old."*     miuiy  of  tbuo  nuin  naturally  became  expert  Mrorkracn,  cspociaUy 

is  the  motalJ — ■  bruch  ol'  the  uru  tlitu  Heem«  to  nuvu  bitun  a  favoritu  one 

%Vtth  tbero ;  betloe,  the  best  t^old  aud  silver  fttniths  of  the  umoa  wera  often 

ffiiuu]  in  clotstury;  and  ilie  rich  'bote*,  cups,  cbalicus,  liasong,  lavaioriea 

«>f  nivcr  «ud  ^Ul,  atid  other  precious  furniture'  of  the  churches,  were 

Kude  by  the  pricvts  thetnvelvcs : — It  niav  be  a  qut»tion,  whether  they 

lorRni  not  rtgot  in  thus  eombtmng  inetitai  and  physical  raiployntenta ;  u 

^  BanpaandlMiing,  manual  Ubor  hoiiu  necessary  to  the  full  development 

of  nun's  tmeUect,  and  to  its  healthy  and  vigorous  oxeretae.     Dunatan, 

.Archbishop  of  Caoturbiiry  in  the  1 0th  century,  was  okillcd  in  mctallurfpcal 

«3pcruiuns — he  wa»  a,  workini'  jowc-lfr,  afid  a  hn»i  fouiidcr.     Two  Urge 

SmUs  for  thv  churclf  tit  Abingdon  were  oast  by  him.     He  is  said   to  have 

%MMa  the  inventor  of  the  Eulian  harp,  an  iostrument  whoso  spontattcous 

none  induced  the  people  at  tliat  dark  age,  to  consider  bitn  a  conjore^-- 

ihc  old  Unea — 

|4l  Ihinitnn'i  bnrp,  rut  by  Uw  wiUI, 
ViKMi  a  pio  dli)  buu— «; 
Tin  li«rp  iMir,  witii  tf  and  aU. 
VubfutJitd  ty  knd  did  twui(— s. 

The  genius  of  some  led  tliem  to  cultivate  architeriun.  Cathedrals  and 
<nher  btlihlinev  yet  exmnt,  ntlvst  their  skill  Of  celebrated  airhitects  in 
ihft  11th  reururr,  wore  Mavrttius,  bishop  of  Londati,  and  thiniluiphtu, 
huhup  of  Rochester.  The  latter  visited  the  Holy  Loud  previous  to  the 
emsftdes.  nnd  is  said  to  have  hvvn  one  of  the  greatest  huililors,  and  the 
most  omiDent  castle  architect  of  hiji  age.  In  the  Towers  of  l.imdon  and 
Roefaraeri  be  It  ft  i^pccimcTis  of  his  art.  At  page  62,  we  n^fnrrcd  to  the 
femains  of  a  easilo  ouili  by  him,  and  to  hie  mode  of  protecting  the  well, 
and  imisiDg  the  water  to  the  diHerent  Doors.  In  the  l^th  oMitnry,  these 
Rfeiviid  artists  were  numeroii*.      In   Bngland,   wem   Koger,  bishop  of 

sborr,  and  Rmidf,  his  successor — Alvxaiidur  of  Lmcolu — Henry   Uo 
of  WiiichpMPr.  and  Roirwr,  of  Vork;  all  of  whom   k-fr.  remarkable 

>&  of  their  pmticiency  as  builders.  In  Prance,  '  in  sundry  limes  the 
ecdefiiudca  perfomisd  earving,  tmet^ing,  painting,  and  fnofuic,*  Leo, 
bishop  of  Tours  in  the  Uth  century,  '  was  a  great  artist,  cspeuially  in  car- 
paltry'  Su  l^lny  was  nt  first  a  tadier,  iheii  a  goltlimttth,  and  at  tost 
faUion  of  Noynn ;  he  biiih  a  monastery  near  Limoges,  bul  he  was  most 
uam^i  for  jAtiat/ of  gold,  silver,  and  procious  stones.  He  died  in  &68. 
Ti       "        '.  fif  NotTP  Dame  dna  Unea,  in  Kbutdora.  was  bt;tn"i  by   Pierre, 

u lit,  and  completed  in  126£.  by  Tbuoduric.     'The  whole  churoh 

wao  built  by  the  monkn  themselves.  OBsislcd  by  the  lay  brothers  aiul  their 
BurvanT*  '"' 

11  accaslomod  tn  immitu;,  and  kept  a  lathe   in   his   hnitse,  'in 
o.  Ill  his  livoUhcMKl  by  hU  hands,  if  the  word  of  God  failed  to 

sapport  him.' 


*  Mi>naj>tKli0ii  Driiuiiiictiiii.  L«ti    |r.&5.  ji.  40 
'Ed-  fstrwr.    Art   Ciril  Andttlerltue 
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ThoM  in  wtuun  the  *  org«n  of  consiru^uveaeM,'  or  invKntiou  ww  pr 
iiHtnt,  pruducf d  afuoiis  othi^r  canous  machinery,  spriticint^  Aftvit,  tma^n  i 
taints,  Sft,     Tbeae,  it  i9  believed,  were  imiiaDoiiH  uf  nimiUir   coiitnu 
in  healkeo  temples.     The  statue  of  Serspb  moved  tU  eye*  oitd  lipi. 
bird  of  MetntxMi  (lapped  his  winff4,  and  uttered  souruU.*     Il  i«  to  tiv 
gretted  that  do  tietuled  deseriptinnii  of  the»e,  and  of  «uclt,  as  wnn-  uttA 
in  European  churches  pro\-ious  to  the  reformation,  Wvp    benn     ■:  ' 

All  aceoiuit  Af  the  ingenious  frauds  of  antiquity  would  be  &•  ^ 
inpchaoicuR  as  it  would  be  iiiter«stitig  to  a  philuvopher.     It   w<><»i'J   m  >^l- 
prolwlnLity  develofte  mechanical  comDinatiofui  both  tiovel  and  u«<l'uJ;  afld 
would  mclaile  all  the  mechanisiii  of  modern  androides;  and   miMt  of  tlw 
<lOT«]rttoti.'t  to  be  derived  from  nafvral  magic. 

A  famotu  ima^e  known  as  the  Rood*  of  Qraet,  is  often  menUunr-  \  Sv 
Engli'it  hiiMnans.  K  few  acatlered  onUees  of  it  aw  MOrth  infTtin; 
^fteeti  m  hi»  history  of  Gi'eat  Urilain,  {paije  71H),)  tnyu  "  \i  was  by  d;vrr» 
vice*  [tJei'ioes]  made  to  lioir  doifn ,  and  lo  Hfi  ujt  ifM^jir,  l«  thakr,  ami  W 
ttif  butii  head,  hanih,  antl/ert.,  to  rowle  ill  et/e.i,  moore  ihf  i*j*t,  aiul  ip  Aowf 
t/ie  hrmaa."  It  was  destroyed  in  Henry  VIlI's  rej^n,  bein^  *'  linik.-rL  m  ! 
pulled  ill  nieces,  so  likewise  tl»e  images  of  our  Laidy  uf  ^' 
•ml  Ipswich,  set  and  besprinkled  with  jewels,  and  ^mmes,M><i  mvi? 
otb«r«  both  of  England  and  Wales,  were  brought  to  Londun,  and  burnt 
at  Chelsea,  before  the  Lord  Cnimwell."  In  lie  hfe  of  the  last  uami'd  iti- 
diviiUal  some  further  pnnicutars  of  it  are  eiveii,  oud  which  espUun  tbo 
mode  of  operation.  "  M'ithin  the  RootU  <if  Graee,  a  man  stoud  inclosed 
with  an  hMmdred  vt/en,  wherewith  tie  made  the  image  roUhti  tyft.motl  hit 
kt«d,  kamf  tht  Up,  moiv  and  *hake  hia  jctwt ;  according  as  the  value  of 
the  mft  oliered,  pleased  or  diaiiletDted  the  priest ;  if  it  were  a  small  piece 
of  Miver,  he  would  ha$ig  thr  hp,  if  it  were  a  ^ood  piece  of  gold,  his  dunm 
woald  go  mcrrilg,"  Aic.  Cromwell  discovering  the  cheat,  caused  thv 
image  "  with  all  his  engines  to  be  openly  showed  at  Paul's  Crosa,  ted 
chore  lo  be  torn  in  pieci's  by  the  people."  Clarke's  Lives,  Loil  16? 
It  would  have  been  a  Jangcrous  practice  to  have  employed  intf-'llif 
'  latf  crafiMiicn'  in  making  machines  Ukc  this,  or  to  have  engai^ed  theii 
'pulling  t)ie  wires.'  The  ilirine  of  Ai^cf  showed  great  pr<.iticiency9 
oomo  of  tlie  arts.  It  "  did  abound  with  more  than  princely  richer, 
nieaucst  port  was  pure  gold,  garnished  with  many  previous  stones,  as 
Eratmtu  that  saw  it,  hath  written ;  whereof  the  chiefesi  was  u  rich 
geinme  oi  JPratKe,  offered  by  king  hfvna,  who  asked  and  obtained  (ynu 
nuy  he  sure,  he  buying  it  so  deare)  tliot  no  passcngur  betwixt  Dovi*r  and 
Whiteaand  should  pttrish  by  sluiiwrscke."  The  bones  of  Iter.k"t  w^re. 
laid  in  a  splendid  tomb.  "  The  nniber  work  of  his  shrine  vv 
with  plates  of  gold,  dtimasktd  and  emhoattd  with  wirrJ  of  goi.  i , 
with  bnichfs,  imagfi,  aitgrU,  predotu  aioati,  and  fireat  orient  fmu 
thesi?  dcfarcd  filled  two  chests,  and  were  for  pnec  of  an  uiwi 
value."  A  catalogae  of  the  mirmcles  wrought  at  his  shriiM  Riled  two 
volumes  1* 

*8ee  Kirrher'i  Hiuur|tta  I'DtvanulM.  Itonw,  IffiW,  Tom  u,  p,  413,  far  an  it 
tgUK  of  Mi^h  HI)  aiili>ini«itn. 

*  Accounts  krpl  b^  Churchwanlciw  previous  to  ike  n^farnintian  oftrn  i>ihibil 

mlbnnslinii  m  rrUtion  to  the  rp|>nirin>r.  n:A  inn?,  riiii)  r  In  thin  9    uf  iiiir.?,'  ' 

nte  uf  darna^nf  ut  ivciru  dui  ud-  - 

of  the  •ftiirr  -fi  lti<r  •■lii'vrHf  nf  II. 


liny*  utd  fvtir  I  " 

tbefcorr  "    Tin-    .•.■..■■;  
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Otber  «l«ric«s,  lem  complex  than  the  ttoode  of  iinx;«,  but  when  ttdrmllj 
itgetl,  cK^'ially  Hfrcti^'e  and  imposing,  con9)jt«<l  in  the  Application  of  *e- 
tmbn,  thmiigh  wliich  sound  might  lieconveyed  from  apenonacadis- 
SnmF-(i^l«^«  the  nccomplire  was  concealed  in  the  pedestal,  or  in  ihs 
C)rit«rlf.  orin  il»^ vicinity,  "The  orafnoesseof  the  incnanters,  (observes 
Prii^T  Martyr,)  led  thum  to  erect  iinaces  a,gainac  walles,  and  gave  answer 
hnli-s  bored  in  them;  wherefore  the  people  were  marvellouslie 
wbon  they  suppwed  the  images  spukc.  There  were  dailie  wooii- 
>urinii|^hi  at  tha  hnagee  whereby  the  aillie  pconic  were  in  lundrietvise 
' "  '  It  wa«  by  a  tnck  of  this  kind,  that  UmTutan  confounded  his 
IvtruncTs  in  an  importmit  discussion — the  cnicilix  hanging  in  the  church 
edits  mouth  and  decided  the  question  in  his  favor.  Numerous  exsm- 
~Tinor«  recent  time^migiit  be  given.  We  add  one  from  Keysler's 
7ol.  i.  148  :  A  monk  having  made  a  hole  through  a  wall,  bebmd  an 
iCB^qf  the  Virgin. 'placed  3  concealed  tube  from  it  to  his  ceil:  and  throiieh 
it  t^ivd  the  ttnoge  to  utter  whatever  be  wished  the  people  to  believe.'  By 
Mcb  tubes  figures  of  the  Virgio  havo  repeatedly  declared  her  wishes, 
Minifd  her  worshippers,  aitd  returtiod  their  compliments.  It  iviis  by  the 
Ntng  device  that  atevenU  sutuea  of  heathen  deities  performed  prodigies ; 
tint  of  Jupiter  forexiunplci,  which  burst  forth  into  [oud  litB  oi  laughter. 
Miiaon's  TraT.  VoL  ii.  412. 

H'idiui  aninent  temples,  says  Foabroke,  u^as  a  dark  interior,  answoiing 
la  lbs  efaoir  of  modem  cathedrals,  the   Pmciraie,  into  which  the   people 
vsre  not  pormitied  to  enter.     When  the  time  of  saerilicu  arrived,  tha 
piHt  opened  tiie  doors  dioi  the  people  might  see   the   uluir  and   vitrtiiu; 
nvonly  tluj  priests  and  privilR^ed  persona  entered  into  the  <xila,  i.  u.  into 
nuHor.     8omc  temples  admitted  bght  only  at  the  door,  for  darkness  wu 
<)lpemed  a  most  powerful  aid  in  !iupt>rfltition.     "  The  |Kinotrala  of  thu  icin> 
bJ*  i>f  Ins,  at  Pompeii  u  a  small  pavilion,  raised  upon  steps,  unditr  which 
lIlvsal^  that  may  have  Mfved   for  nmrular  impo<<itions.     A   shrinu  of 
dns  kind  U  ^tdll  nnea  for  imperiion  at  Ar^os.     In  aa  ori^nol  staio  it  hod 
been  a  temple  ;  ino  further  part  whore  the  altar  was,  hcing  an  oxcavatioo 
of  th^  rock,  and  the  front  and  roof  coiuitrucTed  of  baked  tik-s.     The  allor 
yet  remains  and  pan  of  the  fictile  auperstruct.un\  but  the  must  rcnmrka- 
ola  thing  is  a  secret  aubierroneous  nnaaage   terminating  behtRil  (he  uitar 
iu  entrance  being  at  a  oonnderahlo  oiMtaiux,  towards  the  rij^ht  of  a  pcnoD 
iacing  the  atntr,  and  so  cunnincHy  contrived  as  to  have   n  small   uptTturc. 
eaaily  concealed,  and  levnl  with  the  siirlace  of  the  rnrk.     THW  wuk  barely 
large  enaugh  to  admit  the  entrance  of  a  single  person,  who  could  creep 
along  to  the  back  oi  the  altar,  where  being  hid  by  some  cotosaal  statue,  or 
other   wre^n,    the    ftoiinrl    of   hi»    voice    would   produce  a    tnoet   impo- 
sing effect  among  ilie  listening   votaries."      Aiitiq.   33.     It  is   a  cunous 
fibct    that   ciinju.'vrs  and    chiefs   amom;   American   ludiatis.   were    found 
to   practice   similar    ehi;ats.       In   St.  Domingo,  some    Spaniards    having 
abruptly  entered  the  cabin  of  a  caci()ue,  they  were  aAtoniehcd   to  hear  an 
idol   apparutiUy  speaking  (in   the   Indian   tongue)    u-itb  great   volubility. 
Susprclingllie  noturif  of  tlie  imposture,  they   broke  the   itnage,  and  diM- 
eovcreil  a  concealed  tab*-,  which   proceeded   from  it  to  a  distant   comer, 
where  on  Indian  was   hid  tmder  some  leaves.     It  was  ihls  man,  speaking 
through  ibe  tube,  tlial  mndf  the  idol  utter,  whatever  he  wished  the  hcnr- 
to   believe.     Thu   Caciijue  prayed   tlie  Spaniards  to  keep  the  trick 
t  wa«  by  it,  tlial  he  securad  tribute  and  kept  his  people  in  sab- 
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Another  device  iitloptci}  by  ccclciiutlcs.  Tor  cabduitiff  i)ie  lurbaUnl 
passions  of  ttieir  ignorant  people,  und  exciting  in  llieca  feetiiifis  u(  rt- 4prct 
tor  tiie  clim-ch,  waa  by  making  imngc-*  of  the  Virgin  and  of  Cbmi,  lo 
teeep,  and  sometimes  lo  jtctat  blood,  ice.  Tbcse  cm.-^-ta  being,  of  r»iira<i, 
ropreacnLi^d  iis  the  n?sult  of  ihoir  inipt-nitence.  '  Tbe  fatbera  of  MorIc 
Vnccino  rn&iic  tltc  woodcti  crucitix  awceiC  that  was  fadened  to  lb<;  muU 
of  ibeir  church  ;  through  which  tJicy  had  a  psasage  for  the  water  lu  nir 
into  tlte  body  of  Oit.*  crucilix,  whcrcia  they  had  drilled  several  ikon^,  m 
that  it  passed  tlirougfa  in  little  drops.'  De  La  Mortraye's  Trav,  Vol.  i,  83. 
Thi*  was  a  staple  Crick  of  heathen  pripsu ;  henee  Slalias,  in  bis  Til 
B.  U,  V.  906,  represents  the  stutae  of  Dtana  weeping. 


And  Lucui, 


For  tvars  dwcemleil  iVom  the  MuJpturvI  noae. 


The  lace  of  gti«f  each  luurlHe  nUIuk  wmis. 
Ami  Pwwn  gods  and  hemu  «t&nd  in  lean. 


hu 


In  thv  ttnople  of  thu  groat  Syrian  gmldeas  at  Ilierapolis,   were  !i 
thttt  could   'nuive,  »fetat  and   ilelivKr  oraelea  hs  if  aliv«^.*"     Amoni; 
cient  rArmicfil  dooeptions,  ihn  liquefaction  of  St.  .TanuariiM'  blood,   it* 
performed  ;  and  oare  a  yntr,  all  Naples  U  in  suspeoM  till  the  miracle 
■ccomplisht'd.     We  «hall  havo  oceawon  to  notice  other  ingeniotia  ancM 
dovices  fur  the  wuiie  purpcitm*  of  delusion,  in  tlie  fourth  Book,  when  sjMiak- 
ing  on  the  applicnUon  of  uttrnm  tn  raise  water. 

Although  thaf  monk)  present  lamentable  examples  of  miMltrected  ta 
and  misapplird  lime,  tlieir  labors   tended   to  the  general  nrogreM  of 
fm^-'ment  and  li;arniag.     We  may  regret  that  unworthy  Kjnnta  nniong 
abused  tlip  BUperalitions  of  the  times  lo  their  own  udvnntacD — imita 
the  Blaieanien  and  pnests  of  antiquity,  in  making  the  oracles  declare  w 
they  wished;  still,  they  were  the  only  lights  of  iht-  dark   ayes,  and   V 

their  inlrwluction  of  images  of  saints,   &c.  in   place   of  the  pagan   i    

contributud  in  ihe  end  to  ihe  overthrow  of  idolatry,  and  was  perhaps  riw 
unly  condiliun  on  wliich  the  biu'ban)UB  people,  could  be  mduced  to  give 
up  their  ancient  dcitivd.  'It  can  hardlie  be  credited,'  says  Peter  Martyr, 
'  witJi  bow  gruaie  labor  and  difficultie,  man  could  be  brought  frum  the 
shipping  ul  images.* 

Another  cloas  devoted  themselves  lo  writing  and  copying,  that  is,  to 
art  of  multiplying  books ;  and  their  industry  und  skill  nave  never  been, 
and  in  all  human  pro  liability,  never  will  bo  surpassed.     The  beauty,  uni-, 
formitv  and  efibci  of  iheir  pages,  are  equal  to  those  of  any  printed  volanw. 
The  richness  of  ilie  illntainaled  leitcre,  the  fcrtihty  of  imaginaiioii  dis- 
played in  their  eniUessly  variegated  forms,   the   brighuioss   of  the  colon 
■nd   gilding,  and   tlie   minuteness   of  fim^  can  only  bo  appreciated 
tboae  who  have  hod  oppununitiee  of  examining  llicm.     We  have  a 
some  in  which  the  illustrations  equalled  the  Onest  peiniings  m  miniati 
In  a  literary  and  useful  point  of  view,  the  Ubon  m  tliese  men  are  _ 

■U  praiso.     They  were  the  channels  thmu^  which  many  vaiuabl«  wotlcs 
of  the  oncicnu  have  been  preserved  and  irajitnutted  lo  ns.     And  as  i«^ 
gKrds  (he  aru,  both  emamenlal  and  useful,  the  monks  were  at  one 
almoat  their  only  culiivaiora. 


•  Unher  Mitt.  i.  373. 
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CHAPTER    XTV. 

WM  tiCTp  WhMJ — OIUMM  Kifria—llAiMI  dOr-'i^TTKI«a  d*. — Nona  vMi  r<iu~8>ppnMd  vifiaaf 
ImM  IVVnU— Auhmnii*  <ni  Btosl*  mul  |Hiton^-F««HU  Wbral ;  Cvuinu*  M  Syiw— Lafxn  asm 
IUEitk~V«new  bhhIm  cf  pcBpaOlaa  Dm  Ht«U  ky  nu  Md  uIbmL»— Laily  tMplvj-aiadt  «r  Uw  lu- 
ritfiM*  ■■Mr.  Afti>i(iMly  mT  Ibe  Nan*— A«fi>w">l  <«  ^  ibi>  'Whnl  >if  Kotitiuc'— Aa  BiipraiprMila 
Itm  U  klia«d»ain  (a  ttfrpi-^pkuu— ■•md)'  IUhIi— Vu»— CarDotii'iB— Auiwit  mDUvini  of 
fcnoii    MtJcMt  liireBlr«Hi)f  Vaptvihllu— Cbuttxiiu— U(«allicui<lr)aunrrw>— Barten. 

lUnmi  examiDed  such  devices  for  raising  water,  aa  from  their  aim- 
|lficiljr  have  been  gcnermlly  unnoiiceti  in  treitu»es  on  hydraulic  machioea, 
Vt  |in>ceeil  in  iitliers  nuire  complex  ;  and  firsts  to  sucb  its  revolve  mond 
ktaitres  from  nhich  Otey  ore  suspended,  and  which  have  a  cnnonunns 
Mcid  of  an  uliortiaiinp  motion.  AltlKni^h  difforiiig  in  ihcite  rp^pecU  and 
uthoir  form,  from  lht>  janlii  or  vihratiiig  gutter  and  the  SQ'ape,  they  will  he 
tWndeaSBniially  ihciami-:  their  rhonge  of  figiiro  being  more  apparnni  than 
tnen^ly  c:on:)(Hiuenl  on  the  new  movemeni  impiuTied  di  them.  As 
^niachintn  arc  obviously  of  later  date  than  tJie  preceding,  it  may  per- 
suppoaed.  that  the  period  of  their  introduction  might  be  ascer- 
bat  BO  it  is,  that  with  scarcely  an  exception,  the  time  when,  phuie 
and  tho  peraotu  by  whom,  they  were  invented,  are  obBolutely 
wn. 
Although  alliuuMis  tn  machines  for  miang  water  are  found  in  acveml 
dinr  aathors,  it  doea  not  appear,  that  anj  general  account  or  ontnpre- 
ive  treatise  of  them,  was  ever  written  tiy  the  anclenta.  If  sunn  ft 
vna  executed,  it  has  perished  in  the  general  ■\vrerk  of  nnrient  re- 
About  the  beginning  of  the  <7hriatian  em,  a  Roman  arrhitcrt  and 
,  publtahcd  a  m?atiw  un  thoAe  profeMions,  in  which  he  inwned  a 
riitiion  of  soma  hydmalie  engines.  This  is  the  only  ancient  work 
which  trcUa  profeascdly  of  tbem;  and  the  whole  that  relates  to  them 
hr  included  in  two  nogca  of  thia  volume. 

>  raachinus  describca  by  ViTiitivii:»,  for  it  is  tn  him  we  allude,  ore 
^  TvmpitntirH,  Noria,  Chain  of  Pots,  the  t^errta,  and  the  MacAtne  of 
Otmhmt  or  Pttmp.  He  hu  not  mentioned  t]ie  jantu,  swapc,  the  uord  and 
WluA.  with  the  various  niodea  of  Using  ihe  latli-r;  prolmbly,  Ix^ivise  be 
"fflmdcnvj  ihcAc  too  simple  ui  ihoir  eoutu-ticlion  to  be  properly  classed 
""uap  liydreuttc  machinery;  he  iJicrrfore  passed  by  them,  and  modern  au- 
tbiin  '  .;  rally  followed  hb  example.     Xniwithstaoding  the  omission 

■^'i  ■  arc  circtunstancos  which  render  it  probable  that  his  ao- 

Wwn,  Lni^l  [u*  it  is,  includes  all  the  principal  in>uibiiios  that  were  useil  by 
lUnuiodjof  ibeold  world,  if  wc  except  Chiiiii.  lie  wruio  al  a  ueriml  die 
^n&Tonsblc  for  Uftjuinng  and  traudmiiliiif^  to  pfisterity.  a  perfect  know- 
Wpictrdte  mL-chanic  arts  of  the  un<:ient  civiliict^  nations;  for  he  flourished 
wunttif  (lie  limi  iircrK-s  of  ihr  ini;pbiy  drama,  when  Rome  hud  becume  the  ur- 
ptllMof  the  world,  and  tbo  entit/lilened  nulioLs  uf  the  eaitt^tJiuir  wealtli, 
[,  UU  Mk)  artiauns,  were  prostmtc  al  ht-r  (eet;  so  that  if  we  were  to 
abtttrd  OS  it  would  be,  thil  the  previous  inlercoune  of  the  Ho- 
*ilh  Asia  Minor.  Egypi,  Carthagn  and  Greece,  had  not  itwule  them  fa- 
-'  with  ibe  ariB  of  tltOiM-  coumri«s.  nolliing  could  have  pn^vented  tliem 
''"n  fiOiSMsing  such  knowMge  whun  ihey  became  Uumiui  proviiu^c^— 
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hence  wq  infer,  tlut  if  them  bad  been  in  iuq  iu  aa^  of  ihosp  Doniitriei 
(for  some  vciitUDcs  previous  to  or  during  thu  liJ'c  time  cif  Vrtruviuf,  u)J  ht 
wuf  *ftii  otJ  man  when  lie  pubUiibed  his  wurk;]  miv  cBiciviii  oiarhtrr  fcr 
nUGUig  wutcr.  Jitfutvul  fruiii  tbusc  ho   hut  dL-ticnliou,  il   would   1 
kiiuwii  to  tiie  RomuiiH,  tiiid  Mould  huvu  bvua  uoticivl  b^v  bim.     M    : 
h«  wu  evidcDtlv  faiiiiltaj-  ntiiIi  tli'.*  invL-iitioiic  q{  liio   mL-c)ianiciftii»  o\  Idt' 
iner  sges  and  Imim-ritl^v  n'Airs  lu  them  ;  uud  ii«  all  ihp  iruichinra  dNoilwd 
bj  liiin,  wen;  oi  lurei^ii  ori^n.  aud  most  of  them  of  such   hioh   vitii^uiijj 
w  u>  reach  luck  lo  agvs  uiturior  to  the  birth  uf  Komuliu  ami  ibu  {avnAm 
Qon  of  Romf! ;  we  have  no  reuaoii  to  «uppo>t-  that  anv  imponttm   oar  \m» 
escaped  him :  to  which  we  may  add,  il'  aii^'  u»btiil  machine  for  raieine  wa 
lerhad  origiuaied  wiUi  his  cuuutrj-muti.  he  would  scuruelv  have  tailed  %x 
record  the  fiict. 

The  Ijinpaiuim  consials  of  a  aeries  of  giinent  uiiilHiJ  ai  their  opra  iMcl 
to  a  bonzonial  »hafi,  which  b  mtidv  hollow  at  one  end  und   placvn  4  BttJ{ 
higher  ihaii  where  the  wat«r  is  to  he  elevated  ;  the  ^uera  an?   nrniitf^ 
a*  radii,  uid  are  of  wifficioirt  length  to  extend   fmra  the  jhaft  ' 
distuicD  bolow  the  surface  o^' tltp  water,  u  reprrsontud  in  the  aiui 
Bgram. 

S,  the  shiiA;  G,  G,  the  guners:  A,  a  inn^ 
to  idkc  away  the  wiurr.  The  Rrrow  in<IicuBl 
the  dirociion  in  which  the  wheel  inms;  endigv.! 
liT,  a.*  it  ruvnlvefl  scoo]i9  up  n  portion  of  wuasl 
I  and  elevsles  it,  till  hy  the  inchnation  to  (he  axlci 
it  flows  towards  ihe  laaer,  and  ia  diicli«rg»4 
thiDugli  one  end  of  il 

Were  the  machine  made  04  tlius  reprc9Gmed.i.ti 
of  sepnnie  gmtera  and  not  connected  to  each  nthsl 
It  could  nol  be  durahle,  as  the  M'eight   of  waieJ 
ruifi^rl  at  the  end  of  each  ^vould  have  a  tcndeuj 
to  hreali    them  At   ihcir  junction  with  the   fihw 
The  ancienta  therefore  nude  two   atr>v 
of  plank  well  jjrinicd  together,  of  the  diameter  of  the  intended  wl 
ihov  secured  on  a  shnt't,  M  a  distance   tram   each  other,  propo: 
tlkc  quantity  of  water  recjuiwd  to  be  raised.     Any  numbrr  of  ]■ 
tiriorn  (VirnivioH  Miy*  ei^ht)  wri*  then  tniicrtpd  in  the  direrti<*n  of"  radi 
between  tliesi!  disks,  and  M-ere  well  secured  to  ihcm,  and  made  !>!jt  \i\ 
cnulking  and  pitch.     The  iinaccs  between  tltem,  at   the  circuair 
the  wheel,  werr  also  cIomhI,  with  the  exception  of  an  openitic  !■ 
ailmiwon  of  water  lo  each:  and  where  each  partition  jointfii   rf 
hollow  ejiannel  was  formed  in  the  latter,  parallel  lo  the  axi*.  ihri'i  1 
the  water  was  discharged  into  a  trough  or  gutter  placed  imme,. 
der  it.     The  tympanum  is  obviously  a  modificwtou  of  the  janlu  01   ciu^ii 
or  rather  ilis  a  number  of  them  combined,  and  having  a  revoUine-  iiisteat 
of  a  vihriilory  movement.     It  is  the  first  machine  described  by  \'" 
of  which  he  observes.  *'  it  docs  nol  raise  the  wiuer  high,  but  h  ■  1 
a  great  quantity  in  a  short   time."      B.  x.  Cap.  1).     Prom   iis   rP8i_-mbliuu] 
to  a  drum  or  tahor.  it  was  named  by  the  Rom&n«  Ti(mjMMum. 

The  prominent  defect  of  tJie  tympanum  arises   front   the   w   ' 
always  at  the  o\lri-mity  of  a  radium  oC  the  wheel,  by  which  it* 
increases  as  it  ascendi  to  a  level  with  ihe  axis;  being*  miipd  ni  ' 
levers  which  virtually  lengthen  till   the  wnter  is  diaehiir|>ed   i'l' 
There  is  no  renson  to  snppnte,  thiti  this  defect  if  )»erceired  at  all,  by 
uieot  mechanicians,  niiA  ever  remedied  by  them  ;  to  mo^t  pcrsitti*,  dwi  i 
would  never  occur,  that  so  simple  a  mnchine  eooi/t  he  esuniially  impra^ 
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id,  Mid  it*  hawing  been  described  u  repretented  in  llie  last  Ggarv  by  « 
Brntn  pliiUnDphcr  and  cnginrer ;  it  wai  most  likely  asad  *a  llitu  con- 
KrwlMtl,  ihruugti  tbe  rcrriot**  agea  of  imtiquiiy.  to  the  e&r)y  pnrt  nt'tlic  but 
tentiry.  when  a  incml>(*r  of  the  Hoyal  Academy  of  Science*,  of  Franco, 
ILDe  La  Fa<r«>  devDloped  by  Keomeinca)  revsoninKi  a  benutil'ul  nnd 
nljT  pblMopbjcal  improvoment  It  ia  described  by  Belidor,  (Tora.ii,  386, 


^.-s 


^.)  'nwiher  with  the  process  of  reasoning  that   led  to  il      "  When  ihe 

'>'Rce  of  a  circle  ia  developed  ;  a  curve  u  described,  (the  invo- 

^  hich  all  (he  radii  are  so   many  tangents  lo  the  circle ;  and  ue 

<ll  respeclivply  perpend Jciilar  lo  the  several  points  of  the  curve  de- 

-■  ■^■J,  which  lias  for  its  greatest  radius,  a  line  equal  to  tlie  penphery  of 

i^circie  evolved.     Hence,  haWng  an  ax3e  whose  circumference  a  little 

"tenis  the  height  which  the  watwr   is  proposed  to   be  elevated,  let  the 

frwafercDce  of  the  axle  be  wvolvrd,  and  make  a  curved   catial,  whose 

'•.Tallin?  shall  coincide  ihronydout  vxactly  with  that  of  the  involute  just 

wtwd ;  if  the  furiher  extremity  of  this  cnnal  be  made  to  enter  the  water 

ft*l  a  to  b...  elevated,  and  thr  other  «xtn:mily  iibut  uptin   the   shaft  which 

» iumed  ;  tlien  in  the  course  of  rotation,  the  watwr  will  rise  in  a  vertical 

AiUictioiv,  tangential  to  the  ehaft,  and  perpendicular  to  the  caiia^  in  what- 

fttvpuMtioait  may  be."     •>&?  No.  iO. 

The  altove  figure  from  Belidor,  is  composed 
of  four   tubes   only,    but   it   is  frc^ueully    cun- 
trucicd   with   double   die   number.     Instead   of 
tubus,  curved  purtiiions  beiweun  the  cluscd  sides 
,  ^,  of  the  wheel  ai'u  oftcncr  used,  lu  iti  ijic  scoop 

if     ^^tSjT'^^      J  ""'"^K'- — wh'cb    consists  of  a  number  of  semi- 
It    ^f    >rv-  A  ciitular  parlilions,  extending  from  the  axle  to 
t)ie  circumrerenee  of  a  lurge  ilut  cylinder.     As 
it  revolve;*  in  the  direction  of  the  arrows,  the  cx- 
ireniitiea  of  the  partitions  dtp   into    the   water, 
and  Koop  it  up,  and  lU  they  ascend,  dittchorso 
fl«  41  Simp  WbML  It  into   a  trcmgn    pkcod    unJcr  one    end   of  tbo 
ihifk,  which  is  hollowed  into  as   miinv  conipiirt- 
■  «a   '  rii-  scoopD.     Wliet'ls  of  this  dci^cripti'iii,  iind 
iisively  uM)d  to  drain  ihu  fans  aC  L^'ncuUv«'W\ro. 
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^lanw  nuan  over  three  Tmndrcd  tons  of 

Dr  in  ilie   Chinese  ItttpoiiTory,   tncn- 

mad  fittv  Inns  m  tlio  li«ight  of  forty 

['BDmbiDc  strength  and  HghtncBS  in  a  ro- 

y^ng  Ae  notia  by  the  Ronmna,  ia 
WKter  ia  Id  be  raiMNrI  higher,  thui 
FonDtl  ftn  Kxis,  of  such   a  maj^nitude, 
I  to  be  raiwJ  fftimrcs,     Aroiiiu)  ibe  cx- 
iiMre  bockots  cemented  wiili  pitch  nud 
wlie^^l  ii  iitr-iicii  liy  the  walking  of  tneti, 
I  to  tlie   tnp,   anj  tuminf^  &g&in  toward  the 
what  ilicy  have   hrnught  into  the   res«r- 
^t  Tram.     As   the  drnivine^   made   hy   Vi- 
[lo  in»  work  sre  all  lox,   hin  trunftUtur*  do 
precise  form  of  the  machines  dewiribed 
ke  nona  aa  a  large  drum,  to  one  side  of  which 
ecured.      These    bucketji   are  closed  on  alt 
upening^  to  admit  and  discharge  the  water. 
be  paddles  or  floats  of  an  undershot  wh«el, 
the  latter  makes  ihc  bottom  of  the   hoxe«  or 
:  time  as  paddtes  to   receive  the  impulse  of  tbe 
ttan  Tmn^Sution,  (Nuremburgh  l<'>48,)  has  given 
\onrrgAat  trAfti  with  tbe  motion  reversed,  a  form 
nes  made ;  in  another,   it  is  similar  to  (l)e  wort'a 
Jay,  a  n>odification  of  it,  probably  of  ^raat  Bntic|uily. 


"".=B^   --=Zr 


No.  tt.    CcrpBu  Nona. 

fjots  or  other  reuets  secured  to  tlie  arms  by  Itgitiines,  or 
,-l..,.-l  .,.  iIm  sidetk  of  a  wheel,  as  described  hy   Viiruvius,  tlw 
heel  lUeir  ia  made  hollow,  and  is  diTiclod  into  a  number 
riiiwuta,  which  aiiawar  tbe  aaine  purposv  w  svparate  ve^ 
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sets.     Tb*'  figure  No.  49,  u  uken  from  tbn  Qnatdtt  Dtnriptum  o(  EtQ' 
l*I«tr>  3,  Tom.  V,  E.  M.  It  vr»»  tkvtchfd  from  one  near  RoKitu,  wliich  nucd 
die  wutuT  innt^  Ccvt.     Tiiw  liqitid  phIpts  through  opeoinu^  lu   tbi*  nm,  mi 
it  ducliargcd  frum  thcne  oii  tfap  sidvi.     The  arrow  shows  the  din^i.Mii  u 
wiiicli  ii  tiiuves.     The  s^ctiunof  pnrt  of  th?  rito.  will  render  ilia  imrr 
ODnatmctiuu  obvious.     Mr.  P.  S.  Ginnl.  author  of  the  Meutoir  oa 
Agriculture  of  ihe  Cgypd»n»,  m.ji-8  they  are  exiensively  u«ed  tntlie 
the  cofi  wbocU  belief  very  nujeljf  formed. 

The  lympaimm  taa.y  be  cunsidured  u  «  vrbeel  with  koUow  tjnika. 
while  lli«  Jioria,  oa  above  co)i«tructed,  is  one  with  ikoi/t/vjelioet,  awnn  t^, 
which  it  is  deaagnaied  in  Fmitch  authors :  '  Roue  a  jame  creu«es,*  ^^^H 
very  expnnsive,  aiiU  cnv  «'liich.  in  the  ubiience  of  infurmauon 
tho  cotistructi«u  of  this  machin*^,  might  enable  a  mechaiiii;  to  niatie  ft. 
In  various  jrai-ts  of  Asia,  (irHfx-^.  Turkey,  Spam,  &c.  EanlieD 
wa  or  f>ots,  art!  secar^jd  i>>  ihe  rim  or  sidu  of  liio  wheel,  as  in  No. 
£verj-  farm  and  t<ar<len  in  CHtali]rii«,  says  Arthur  Yoang,  has  such  u 
fihinr  1»  nuM-.  walnr  for  ihe  purpose  of  irrif;slin<:  the  aoJL  They  «re 
pelWd  by  homes,  oxen,  mules,  and  Bomerimes  bv  men.  In  Spain, 
twirii  has  romaiDed  unaltered  from  remote  liraea.     It  is  there  still  m 

by    UK-ana    of    a    device 
pmb«b)y    ji^ve    rise    to 
wbocb. 

In  ihc  exlo  of  the  ooris  an ' 
sttrted  iwci,  (aud  Mmetimec  fq 
strong  Aiicks  u-hicli  cross  osch 
>r  at    right  <tn^Wa,  f" 
or  apoki^s.     The  pan 
ill  whrc.li  thoHU  oru   lixvil,  ciiiil 
iiL'ii.-lv  to  ilie  ceiilrc  of  iJie    ^ 
rounil  which  tiie  aaimal  walks ; 
conti^uouM    to    it.   is   the    vurc 
shaft  to  whicli   the  yok«  or 
is  atiai^lied :  the-  Ijotiom  of  this 
ha.1  ipokc^s  ittserted    into  it  «i 
to  the  fonucr,  and  which  lake  1 
of  tliem  in  succewion,  and 
keep  tli«  wheel  or  noria  is 
tioiL    See  No.  oO.    This  rude 
trivance  is  commoH    through 
the  east,  ami   in  in  all  pmhobility 
identical    willi   tliose   of  the 
ages;  in  other  w*ordd,  the  piit 
sulifltitutu    of    ihe     modem 
N«.aK  K^yi*  •111!  pvit.  wheel, 

,  In  BeiMon's  '  Tbi-atm  Dfn  Insinimms'  is  an  int^enioUD  devn 
vllDrizmilal  «hiift  wii)i  loiirrtpolirii,  ii^  in  the  laitl  h^ire.  ran  i)' 
to  a  vertical  one,  iil  any  ilitttnnc'c  from   (he  centre,  and  lli'  ^^  '-r  th9 

purpose  <if  a  number  of  wheels  and   pinions   in  niodilyiri     *-ity  of 

the  inacbiniTy,  according  to  the  work  it  bus  to  perTorm,  or  in  an  incmtss 
iir  diminution  of  the  mtxiva  force  employed.  On  the  hnrisnntal  abafl; 
(which  is  turned  by  a  crank.)  is  a  ^lidinj;  wcket  to  which  the  Rpokrs  ar« 
secured.  The  vertical  shaft  has  also  a  similur  s^ickei,  which  i'  ■'"—1 
lowenv)  by  means  of  a  M'rew,  and  Ut  it,  nrma  aixl  upokrs  «r> 
ed,  TiM'fe  arc  amnged  in  the  form  nf  a  (Ut  &hip;  si*  iluit  i-\  ..ijj- 
tho  sockats,  the  spokm  in  the  honC4intal  <iimA  ran  hr-   mado  to   take 


J 


Chap.  U.J 


Permiui  Wkiri. 


Its 


I 


im  tliuse  wlrich  form  llu  cone  raond  dir  reriiciil  oou  ui  ud^  pun.  Trum  its 
ipn  ID  tta  hum. 

Two  prununvnt  dcrncts  havp  havn  painted  out  io  tliu  auria.  Firet.  nut 
of  the  walor  tstapea  nt'lpr  Urine  raised  ix-arl^j-  \a  Uic  rvquircd  vlcvabun. 
Scoiod,  «  tar^c  |^K>ntuD  is  raiscO  higher  than  tliL*  rv*crv<<ir  placed  to  re- 
ceive It,  mlu  wfairli  ■(  Is  discbiir^-d  ol'lur  lliu  VL>B<)tHK  liogm  lu  AvscanA. 
(ifec  Nd.  49.  m  u'hk-li  they  an*  v<rr^'  <:unH|>ii;nuu5.)  Cunwiini-ntlv,  part 
or  th*  p'^wpr  (.'ipi'tificd  in  rnoving  ihU  w}ic«il,  prwduceii  im  iiM-ltil  L'ili.-oC. 
T*'  'i-'Wyver,   dtd   not  CKcnpc  llic  iKtuce  of  aiicii'iil  mo- 

chn  :<[«  tliem,  tiiu  Persian  wheel  was  devim>d.  uihI  90 

nainvd  tnitii  iia  tianng  been  invi>nUNi  ur  exttfiigivel^  us«d  in  tliai  cuuiiiry. 

The  rcMela  in  which  (he  water  n 
raised,  instead  of  being  Taiitencd  to  the 
rira,  or  forming  part  of  it,  n»  in  ihc 
preceding  figuren,  ore  raspunded  from 
pins,  on  which  they  mm,  and  tliervby 
reiAJn  a  vertical  posiiinn  ihrongh  their 
entire  aaceni ;  ana  when  at  the  ti)p  are 
inverted  by  their  lower  p»rt  ciiinmc  in 
contact  witJi  apn  nr  roller  aii«nhe<f  to 
tho  edge  nP  the  giiuer  nr  reservoir,  as 
rcpreiiGnle<l  in  llie  figure.  Bv  thia  ar- 
rmngement  no  wster  escapes  in  rising, 
nur  id  it  elevated  any  higher  than  the 
ud{n>  of  tlie  reservoir;  hence  the  defecin 
in  the  ni>na  are  avcndod.  Pcrsuui  wbeeU 
itia  beiicvcid,  have  beun  used  in  £a- 
ropo  ever  ainct'  the  Jlurnana  niled 
it,  if  oot  before.  The  g^tjutoat  work  in  France  accordirp  to  Arthur 
Toong,  for  ihct  nniiiL-tiiJ  irriguitun  of  land,  waa  a  «erius  of  ihfui  in  Lan- 
euedne,  which  nitBed  tho  w«u>r  thirty  feel.  In  a  Dutch  tnmslntion  of 
Virjiril's  (renr<^c«  in  1682,  ihuy  uro  rt'iirescnb-'d  witJi  huge  bnchcts  like 
barrele,  suspended  from  t>oih  sides  of  the  rim.  They  unt  common  in 
Siritxerlano  and  the  Tyrol.  Travels  in  FoUuid  by  D'Ulanstii,  page  34t. 
Thny  wen;  eitenirivcly  used  in  Enghutd  one  hundred  and  fifly  yeiirs  a^. 
Sofl  Diet.  Ktucicutti.  I.01L  1701.  We  are  not  aware  of  their  being  much 
vtDPlayed.  ifki  all.  in  the  TTniied  States. 

They  arc  common  in  vnrioas  porta  of  Asia.  "Tho  water  wheels  still 
uaed  iti  Syria,"  sny»  ^t^.  Bnrmw,  "difFer  only  from  tho«e  of  China,  hy 
having  loo«e  bucKew  ^u-^pendod  at  the  cimimference.  int>tr-«d  of  fixed 
mb«."»  Dr.  Rufs^*!,  in  his  'Naiurnl  HiMory  of  Aleppo,'  (p.  20.)  *iiys  the 
wliabitaiiM  make  use  of  lai^;  quaiitiliis  of  wiuer,  "  which  ihey  miwr  with 
"'-^efliaii  wheel."  from  the  nver.  Perhftji*  the  most  iniere»ting  speci- 
____«fll)e*c  marhiiu*9  extant,  are  to  be  found  in  another  and  very  aiicieni 
oty  of  Syria;  in  Ifamath  on  rhe  t)i-ontt.'9,  ho  named  after  Ita  founder,  one 
uf  th»*  wirw  of  C'aoaaii.  "  Two  days  journey  below  Hom-i,  (sayn  V(dney) 
u  Harnalh,  celel)nil4*d  in  Syria  for  its  water  works.  The  wheels  are 
Uip  Wrgcfll  In  the  coantrj*.  being  thirty-two  feel  in  diameter."  The  city  is 
binkiin  l>oili  sides  of  the  river,  and  13  diipplicd  with  wnlcr  fn>m  it  hy 
l&BKns  of  Them,  the  bueketir  of  which  empty  ihumselvea  into  stone  nque- 
dftns,  siinported  un  lof^y  orehea  on  n  level  with  the  enmtul  on  which  the 
city  atiuiiu.  They  are  prnpcllud  by  the  ourreni.  Iturcknsrdt  observed  about 
a  ouBcn  of  them,  Uic  lar? ent  ho  aays,  "  is  called   Naoura  el  IVtohommeydu, 
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OJid  ta  at  lewc  tevenly  feet.""  Ty^ey  are.  he  rein«rka,  the  greunt  cunoM* 
which  a  modom  traveler  can  find  in  tbe  city.  Titcir  (momuniit  nugmnuB 
will  be  opmLrcni,  if  we  consider  that  the  lulticst  cUsb  of  buUdutfa  in  Hm 
Wy,  (N.  \ur^,)  diDse  of  six  atones,  seldom  Qxceed  sixty  feet.  IT  tlinr 
forv,  tbc  Urgeai  of  ibe  Persian  wbceb  at  llaraalb,  were  placed  on 
paveatent,  with  its  side  towarde  a  rutgc  of  such  buildiu}j;s,  it  wouUl 
eupv  a  ftpace  nearly  equal  to  tho  t'mnta  of  three  of  them,  and  would  i 
torn  wraral  feet  over  the  roofs  of  tho  highest — and  twelve  of  thfin  wt 
occupy  a  street,  one  sixth  of  a  miln  in  length. 

The  construction  of  the  water  works  of  Hamatk  have  probably 
raainod  unaltered  in  their  general  <lesign,  from  very  ramoie  dmes. 
peculiar  location  of  this  city,  die  rapidity  of  the  river,  (named   El  Al 
the  'teifi.)  and  its  consequent  adaptation  to  propel  undrrthotxofufU,  wl 
we  know,  wore  used  in  sucli  worlis  by   the  iincionw,   render  it   proU 
ibat  the  proHot  node  of  raising  water,  is  much  the  same  as  when  ihU 
flounshca  under  Sulonion;  aiHTwhon  the  Romans  ur^ler  Aurclius,  01 
threw  the  <|uccd  of  I'almyra  and  her  army,  in  m  immediate  vicinity ; 
irom  the  gre&l  antiquity  of  the  noria,  its  extensive  use  over  nil   Aaiaj 
Ibrmur  ages,  and  its  peculiar  adapunion  to  Hamath,  and  tlte  tenacious  ' 
berenco  of  the  oricntala  to  tho  devices  of  their  forefathers;  we  infAt 
the  machines  which  Burckliardi  bchoM  with  admiration,  raising  the 
of  the  Orontcs.  were  similar  to  others  in  use  at  the  aatao  city,  when 
spiesof  Moses,  searched  the  land, 'from  the  wilderness  of  Zin  unto  Rehc 
u  tnen  come  to  HamaUi.^^    Thuse  wheels  may  he  cited  as  another  proof] 
the  preservation,  (hy  continual  use)  of  hydraulic  machiiies,  while  ci 
other  memorial  of  the  people  hy  whom  they  were  originally  used, 
long  siueo  disappeared. 

MuoBA  op  VROPELMifo  THE  NoiUA. — The  lympaiium,  nona.  chain 
poia,  end  even  the  screw,  were  often  turned,  acrording  10  Antruvlus. 
tho  '  ireotling'  or  '  wiilhing  of  men,"  i.  e.  except  wlion  oronloyod  In 
water  from  rapid  flirennn.  in  which  case  tbey  were  propelleif.  he  saya,  I 
the  current  acting  on  floni  bnardR  or  paddle«,  as  in  common   under 
wheels.     There  is  a  diffiarenn!  of  opinion  amnng  his  transtainra  rear 
tlic  mode  by  which  men  moved  the«e  mai^hines.     Blriut,  tlic  rmnHiatorj 
the  German  edition  of  1548,  seems  to  have  thought  that  iliey  walked  rot 
an  upriffhi  shaft,  (as  in  fig«.  36  and  53,)whicb  they  mnied  by  hnrimt^ 
bars,  and  by  means  of  cog  wheels  communicated  the  required  mntJc 
He  haa  alas  represemcd  tho  noria  aa  moved  by  men  rarninc  a  crank  :  a 
mode  of  propelling  it   that  ta  figured  in  the  fitif  Oerman  edition  of  Vj 
gotius,  (1511.)      linrharo,  (1567,)  represents  the  tvrap«oum  as  moved 
a  crank;  the  noria  by  a  current  of  water !  and  the  chain  nf  pots,   bj 
tread  wheel,  like  the  one  figured  in  No.  24.  Peratdt,  also,  in  his  figure 

'Tnv^li.  in  iiyria.  and  the  Kolj-  Laod.    Loo.  1923,  p.  ]«i. 

^Ti  'tcrni  iai«rrMiinj:rimaraiit3iice«  reurrilMresmcliiuHsmntli,    TIAl 

am! ! '  >  i-riT  rrwtiir-Dil^v  Vi)b;<tct  to  ihc  Jews.     The  '  llBtl  nt  lUmnUi.'  vnw 

lieulu..  ..1 1  ihcm  snd  IhL'it  kiikg*.     /«j(?kiitli  wiia  UM^fc  lak^n.  >ir>'<  '• 

lil<M  ■l.-iin  It)  timpri'^flni'^'.  hi*  own  p}-4«  wnrclhrn  puloiil,  Btid  lie  nix' 

P«bjrloti.  ulirix  lir  iliH.   Jir.  \\%n.  5.      Plmraoh  NcrJin  t>i*ir«  put  J-   < 

tJi»ir  kniEH  in  I'liti'li',  whvBi'B  Im  WW  tnltvii  ■  iirifiter  tn   IVvpt.  «iiJ  ■,i.ii;ui.  il  iil 

(l«nih.    *iKinxi' xxiii,  .H.    .\mon^  the  bhmi  inteiritinx  diKotcfto*  uf  iimiJcnt  umt 

ranotclNl  Willi  Uir   lori^nt  tiitiUtry  of  tbia  pettpln,  nrr   r.  ■   ■-■-    '  -   : -- 

Ttiehca.  of  iIm-  Jrwk  i.)i>iiir>'il  \iv   Hbi4)«k.  wiili  Uir  K  H 

faoudk  Mclm.'  kiii^  uf  ifip  Jiiws.     Prom   llie  ducot  L'iie< 

thr  prri;ii>i4iit  wi[h  mhirti  ihv  Ontisi  «r«   ■b>t'<nnm»il.  »  tvomtetiiil ;  '  tiiuiii  t>l   llie  m-.tt 
ttii<»  linvs  lliH  iIjIi-h  imrtLWil  In   iIm>  diij)   h»iI   I1i«  iitnatk.'     Tb«  (i)|uii!   til' the  Jf 

kia(.  ■•  nii>piM»<l  t«  Imi  I  oorroci  poitraii,  Tbt  wo  ara  loU  in  tbow  uf  tli«  ^ '^~ 

naiOM,  "  the  tik«BMMw  aro  always  wtactJ/  pnnervvd." 
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lbs  tytnpwinm.  places  tbe  meo  in  a  cimiliir  one,  and  thi^  int«rpi«tat«]i)  of 
the  usxl  haa  boiMi  eenrndly  fallowed,  Tt  is  corroborated  by  uUior  ancioot 
apthors,  and  hy  Vtminus  himself,  in  Book  x,  cap,  4,  where  hb  ap^alu  of 
a  wlieal  to  rauct  vrcighu,  'by  ih«  walking  o(  men  therein,'  that  u.  the 
cotninon  walking  onDfl.  Phxlo,  who  was  rontcmpomry  with  Vitnivius, 
or  fluumhl^d  shortly  after  him,  mentionn  a  wbcitt  for  raiitng  water,  which 
'trwt  turned  by  tbe  motion  of  men's  feut,  *by  their  aieondii^  lucccssivajy 
the  several  steps  that  are  within  it/  Tread  wheels  are  tncntioned  also 
by  Suetonius,  and  Stmlio  speaks  of  snrn<^  for  raitung  th«  waier  of  tlte  Nile, 
which  w«r«  mored  by  a  hundrvd  and  Rfty  slaveo.  Mr.  Newton,  the  Kd- 
riiab  translaior,  nippos4>i)  thn  men  walked  on  dtc  otti^itlc  of  tlui  wh«o], 
out  tbe  Rtodem  \ivfui  mill.  It  is  very  probable  that  this  mode  was  in 
among  the  luirioni*,  for  it  i«  CDrnmnn  in  Periin  awl  other  oriental 
itries,  particuiarlv  China,  where  it  is  tindoiihtcdly  of  gwat  anli>]uity. 
•o  has  figured  llio  tcreiv.  as  propelled  by  men  pulling  down  spokes 
periphery  of  a  wheel  altAched  to  it.  or  hy  trinuling  on  ihem. 
kboui  ei?hlnen  years  ago,  a  person  in  this  city.  {N.  York.)  took  001  a 
for  ('niploying  aninvth  in  propel  such  wheels.  A  horse  was  placed 
n»ar  thi:  top  aiul  yoked  to  a  honzontal  hcram  fixed  Imhind,  and  agaimt 
whirh  h*-  drew.  In  January,  17^5.  k  Mr.  Eckbardt  ohuiincd  a  patent  in 
Ent;laiid  for  '  A  Mf-thcd  of  applying  Animalii  to  Machinery  in  generml.' 
R)»  plan  was  (o  employ  cnlUa:  anil  all  titbur  bulky  luiimnU  In  wnik  on  tJie 
top  of  large  wbeeln;  heal«)  projKised  a  {le:(ible  floor,  like  an  endbyis  chain, 
wKich  pasted  over  two  whveln,  and  fonued  an  inclined  plane  on  winch 
animals  walked,  anil  to  increase  the  effect,  they  drew  «  loaded  cart  he- 
kind  them*  Sixty  yejir*  before  this,  vh.  in  1734,  Mr.  W.  Churchman 
•abibiled  before  the  Roynl  Society,  a  model  of 'A  new  Kngine  for 
nixing  Water,  in  which  IIor»e»  and  olliitr  Animnls  draw  without  any  lots 
of  power.'  Tbii  engiite  wuh  m  MTieit  of  pnmp»  worked  by  a  large  tread 
vbei'l,  OH  the  top  of  which  hor«e«  were  made  to  draw  againid  a  beam  to 
which  they  were  yoked.  Ht  aUu  prt)pu»ed  to  «mpb>y  horMe«  at  the  same 
tinui  -within  Uie  wheels  But  t)ie  c<inlnvitnce  wa«  t^vea  tlieii  au  old  one,  for 
ib  Agricola,  a  horae  is  ligured  iiu|ianiiig  motion  to  beilowH  by  walking 
iqma  «  tr**ad  wheel.' 

Therv  is  a  passage  in  the  oecoud  chapter  of  the   Koran,  which   throws 
sofDip  light  on  the  early  employment  of  animals  in  raising  water.     Among 

tfcf  '- '-    it  was  a  pi«vaili(ig  curtom  whnn  they  aacri&ced   an  ox,  or  ft 

hci'  irct  soch  as  had  never  b«en  broken  la  labor  :  hence  tbe  direc- 

tion ux   iiif-  Sibyl  to  Eneas. 

d«v«n  tiaUoclcii  ftt  imftkivl,  tot  Phtrlim  choone, 
Attd  for  Uiaiu),  Mtnea  mu|ioit«(t  ewnt. 

The  larwliies  alsu,  were  instructed  to  offer  "  b  red  heifer  without  spot 
in  is  no  blemish,  atKl  upou  which  never  eame  yoke."  *'  .\u  heifur 
:h  bath  ttot  hem  wrtnijih/  ujOA,  and  wliicli  bath  n'jL  drawn  in  the  yoke." 
not!  which,  according  to  ^tahumut,  wiu  "  not  broken  to  plough  the  earth, 
or  Watek  th*  firid."  Now  Uiw  interpretation  i*  not  only  consistent  with 
thv  text  i»f  Mr»>'f,  but  is  exccvdingly  prolM>le,  for  the  Ardbs  bavo  uo- 
duuhiodly  pre^c-rvcd  witli  their  iudepeiidence  and  uiicieiil  habil«,  traditioiu 
of  Bucneruui  tnuisaetious  referred  to  io  the  Pentateuch,  the  particulars  of 
wh'  '  I'lt  recorded:  hetidci!   it   indioite*,  what  indevJ  might  bavo 

Ia  •  I  :  rix.  that  the  principal  employment  of  otutnals  in  the  early 

agvi.  \ya£  ui  plough  and  irrigatt  the  suiL     But  when  in  process  of  time, 


118 


Anti^uk^  fif  Me  NoriA. 


[Bull 


humaa  popuUtian  beciune  detiw.  Cmn  aniiniLl  lalxir   was  in    •■■'•: 
stipe raeiied   hy  ihac  of  man.     The  fXleiiaive  einpluynmnt  f': 
appears  ii}  iiave  bei>n  a  promint'iit  Jeaiure  in  the   tmliucn)  moh  . 
cient  Kgvpt,  juat  aa  it  is  in  moAeni  China.     Ai   too  cauatry  U:-  > 
inliabitaiilti,  ilis  osicnaive  uaa  of  animal  labor  would   not  iml^  hii\- 
fiTRfl  with  ihc  mcanfl  nf  the  grt-at  mass  of  the  former  m  ohuiniiig   i   . 
hut  would  have  ntquired  too  large  a  portion  of  Hie  land  to  niiie  tboii 
merely  for  the  Utter.  

The  Bnti(]uily  of  the  noria  may  bo  inferred  from  its  name  of 
wheel,"  the  only  one  by  which  u  was  known  in  some  roiinirlM. 
bo  fouRfl  if  wo  mistake  not.  among  the  symboU  of  aiicicnl  m< 
In  olucidaiing  one  of  the  religious  precepts  of  Numa,  whirh  roqui 
persons  whan  worshipping  in  the  tcmplos,  to  tun  rotiml ;  Plutjtrcn 
Borves.  that  this  change  of  poature  may  haro  an  cnigrtnttirnl  moiuiing,  " 
tlic  GuvrriAN  wuKKts,  adnioniahing  as  of  the  Instahiliiy  of  i^i^t^ry  thine 
human,  and  ptvparing  us  to  acijuicscc  ami  rest  sati^flaiil  wilh  vrimtever 
turns  and  changes  iho  divine  being  may  alloi."  Lil«  of  Niimn.  This 
figurative  application  of  the  noria, is  obWnuely  used  by  Plutari'h  ns  a  coat. 
monand  conscquL-ntly  a  longeMablishcd  symbol  of  the  routalnlily  iif  lim 
affairs  ;  and,  a*  the  sentiment  which  he  illufttraies  by  it,  it  prcri«cly 
iante  as  that  which  the  wifcJ  of  the  gotidtMt  t^' fortune  wa.^  dt-siirrn-d 
point  out,  the  "  instability  oi  fortune,"  and  of  which  it  was  ttu'  ••rotdi 
we  conclude  that  the  "  wheel  of  fortune,"  was  a  iratcr  wheel,  and  no 
er  than  the  \ouiA  i  and  that  to  it,  the  Grecian  philosopher  in  thw  q1: 
passage  referred.  The  selection  of  an  Egyptian  wheel  to  denote  t)ie 
labiliiv  of  human  aR'nin,  indicates  the  origin  not  only  of  riiitarch'it  sii 
(uile,  hut  aliio  tliat  of  the  fahic  of  the  goddess.  Egypt  wan  ihr  soi 
whence  the  Greeks  obtaincil  not  only  their  arts  and  science,  but  aim  tj 
mythology,  with  its  deities,  heroes  and  its  mysterious  system  of  syuibul 
imagery;  and  if  the  BgyptioiiH  were  not.  the  inr^fittort  of  the  syafani 
representing  and  coneeahng  things  by  symbols,  they  certainly  carried  il 
a  greater  extent  th»n  any  othor  people,  and  at  u  period  long  liefo'rv 
Oreeluhad  emurged  from  barbarism,  or  an  Kgj-ptiaii  colony  hxd  setl 
in  their  country. 

Although  we  are  not  aware  that  ibe  tcAce/  af  Jortutte  had  any  ol 
signification,  yet,  ad  the  same  goddens  presided  over  aiciiEs  «st>  «iit) 
ANce— a  more  expressive  emblem  of  thcw  in  Korcr  could  not  Hav«*  b 
dvvUe<l.  Agriculture  was  llie  grand  source  of  wealth  in  thnt  nittntry. 
and  it  depended  almost  entirely  upon  artiHciat  irrigatiun,  for  except  dur- 
ing the  tuiniiiil  inundation  of  the  Nile,  wali.'r  was  raiM-d  for  that  purptwe 
by  machines,  and  among  these,  the  noria  was  one  of  t)io  mo<t  prominent, 
and  proh«bly  one  of  thn  most  sneient.  Egypt  without  irrignlion  would 
have  been  a  dreary  waste,  ami  like  its  neighboring  di-«erls  uninliabited  by 
man;  but  by  m<>^ni  nf  it,  the  soil  became  ao  exc«H-dinflv  fr-iiile  ihat 
Egypt  became  "the  garden  of  thr  fti»l,"^-tlni  "  hot  IkmI  of  nwl.urf,"  and 
the  "granary  of  th»  world."  It  wan  arliftcial  irrignlion  which,  undrr 
Pharaohs,  produri^  fixKl  for  sevenliteti  millions  ol  inhaliitaiils,  and  in 
reign  of  llamenei.  or  Sc^jstria,  a  surpluM  aulTicient  for  ihirfy-tl- 
more  ;  and  even  utHJ<T  the  CJntian  yoke,  when  ils  anew  ■ 
departed,  iho    prodij^i'iuo  ({iiantities  of  srain,  wh.rit    il  pf-  _ 

PloU-my  I'hiladelpliiis  to  nrnass  treaBiirt'  nipial  lo    ninfl    liiiDilmi  and 
millions  of  diiltar*.     Tli'-'-\>ii   thendon,'  ;t   pei-tiliar  pnitmeiy,  wj 
deftigurd  or  not,  in  tin  !'  "  pfO'>(XTiiy,"'  "  ridtm,"     itixl    '^ 

ancu,"  tH'tittf  arcompaii  I  ic   iiiuia  or    Ktf s )iii>>ii   uIki'I,  iki 
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ttwni  wV/>1i  oontrihutMl  so  ^rrcally  to  produce  them.     The  manner  in 

Vil  '.'rty  Mm*  wjmi'limos  repri'iwnted ,  appears  to  have  had  direct 

M  ■  agriculture  Mjd  irri^tioii.     She   wtta  sealed  on   rocks,  (cm- 

Urme  uf  irionlii}'  I)  the  wlieel  hy  her  fUde  and  a  river  at  her  feet,  (to  stg- 

niljr  imgmlion!)  and  *h*  held  wheat  oan,  and  HowerB  in   her  Hand.     But 

whether  th<-  ancient   Ra^ptiBRs  adopted  the  noria  or  not,  ad  the  emblem 

of  we&Uh  and  irrigation,  one  of  their  mo!<l  lavorile  symbols  Iisa  direct 

reference  lo  the  latter,  and  indirectly  to  the  former:  vis.  the  »i>iii[tx; 

Jignre^  of  which  have  been  (bund  among  the  ruina,  fmm  ono  end  of  the 

conriin>'  in  the  other.     This  figure  conEisia,  as  ia  univarsslly  kiiou-n.  of  the 

head  And  hretuts  of  a  vf-omun.  united  in  the  liody  of  a  Hon,  and  w«« 

nbolicttl   of  the  annual   overflow   of  the  Nile,   which   occurred  when 

sun  paasi>d  through  the  zodiacal  signs,  Jjco  and    I'irga — hooce  the 

combination  of  these  signs  in  the  Sphinx,  as  so  emblem  of  that  general 

irrigation  of  the  land  once  a  yt'ar,  iip«>n  which  ihoir  pro^prnty  so  greatly 

depended.     This  wa^  dm  origin  of  passing  sln^iims  of  water  through  the 

motuhsof  Ggurv-sof  lionj!,  nndsomvlimoH.  Uiough  nioru  rarely,  of  virgins,  as 

ia  the  figures  below — which  im*  uikutt  from  Jlirius'  trmnslauon  of  Viiruvios. 


'^-^^ 


■a^  "N^ 


No.  A     UtiSem  at  Pipn.  A<.  lyait^dcd  •T  IrtlfUMa. 

Thy^  Miftlogy  between  the  form  si>d  oninments  of  an  object  and  its  uses, 
•«•  '  rt  »!w»ys  been  kept  in  view  by  the  ancients ;  uUhough,  from 

on  I  t  knowledge  of  ihem.  it  is  ditfiriilt  and  somutinKi*  iiii|Kiuible 

lo  perceiT*"  iL  ThnI  ihoy  displayed  imrivalod  skill  in  some  of  lliiiir  de- 
•ig^i  and  decorat)<iim  is  univnnqilly  ndmittcd.  T!ier(»  i«  L-^rlairily  no  na- 
tural analogy  bottveen  ^  lion  and  a  foiinlain,  and  no  obvious  jiropriety  in 
nuking  water  to  flow  out  of  llie  mciuths  <ff  figures  of  lhe*e  animola ;  on 
the  rontfsry,  they  ap[ie«r  to  l>e  very  ina|i|ir(ipniilr- ;  but  when  we  leam 
thai  the  lion  as  an  astronomical  *yra)iul,  wit»  iolimaitily  a«itiM:iated  with  a 
grvat  natural  hydraulic  ojiervtion,  of  the  firol  imjiortance  to  ibo  welfare 
of  the  Eg^i'ptiana,  we  perceive  at  once  ihe'ir  roajtoitv  for  transferring  figures 
of  It  to  artincial  discharges  of  the  liquid,  and  hence  the  orifices  of  cocks, 
pipes,  and  spouts  of  gunem,  fountains,  Src.  were  decorated  as  abo»'e.  In 
wrine  Anr'ient  Jrivmlaint,  figures  of  virgins,  as  nymphs  of  springs,  leaned 
ti["  '!"  running  water.     In  oilier*,  vasks  urrrtimril,  (with   fi>niret 

oi  .  Oc«-anus,  Ac.)  a  beamiful  device.     Lions'   heads  for  spouts 

Hff  n  r V  j.jmimcin  in  Pompeii, 

T^'-n-  t«  ,-)nfifl,(.r  uident  emblem,  and  one  that  is  universally  admired, 
'fc  ^"  noticed,  as  its  origin  is  aiisociaied    with  ariiJiCMl   irri- 

I  M-irnwA,  or  'Horn  of  Abundance.'  This  elegant  symbol 
u  pmoshty  o1  Kg^-ptuui  origin,  for  Isis  wa«  sometimes  represented  with 
H,  and  I»u,  in  tin^  Egyptian  language,  signified  the  'cause  of  abundanoe.' 
We  have  «lfiniy  »een  thai  irrigalinn  was  and  still  is,  the  principal  source 
of  plenty  in  Egypl;  and  jm/rr  in  the  scripmres  is  repeatedly  used  in  the 
siatr  senae.  Tn  understand  the  atlcgory,  it  m|;st  be  borne  in  mind  that 
riTm  w«ro  anciently  cnnipare<l  to  InUU;  the  reasons  for  which  at  this  re- 
nxdw  pencRl,  arc  not  very  obvious  ;  ptjrhaps  amotig  others,  from  the  noise 
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of  npid  dtreems,  beftrin^  some  mrmbAnen  at  a  duuuice,  xa  the  luvuf 
U)(I  bellowing  of  dicw  anitnitls ;  and   die  hranchta  of  rieert  Wtrc  cun- 

fiAred  lo  thcrir  /maim  ;  thug,  thr  small  branch  of  tlie  Dac|iltom»,  whiil 
atma  tlu;  hurhor  of  CoTistanrinopte.  still  retaiiM  iu  «t>cient  namti  nl'  i!h 
'Golden  Horn;'  and  in  aoroi;  r>f  uur  dictionariM,  'winding  Mrauw'  il 
given  as  one  of  the  dpl!nitifin»  n(  kornt.  The  hull  which  \*  ooDitiuiii  im 
tome  Grutrk  «mils  it  siippoMid  u>  have  ^H^en  the  symltol  of  a  mer.  pdf- 
hit[M  frum  the  ovlt(I<(w  l>^tom^.  when  ihf?  »m  pttMc<l  ihrfm^h  the;  Kodattl 
•i^  Tauriu.     According  to  dift  Greek  ver«ion.  oiii!  of  tin-  ■'  ' 

river  A*:hei0iu  in  Eninw,  watt  di*-erted  or  hrnken  off  hy  i  i 
gatu  sonu- pHrrlKrd  Inml   in   ils   vicinity.     This,  like  oiltei   laio'T^i   uf  titai 
Iient,  lyii*  Mvgimtfii  \>y  rcpre*enuiig  him  engaged  in  ronfiict  wStli  a  liuU, 
^Achirlous)  wJwinj  he  overcame,  «:iii  />roie  off  tmt  nf  hia  hurua;   nrd    thi» 
hum  being  fill<;d  unlh  fruiU  and  flowers,  \\-tin  (■mtilemalictti   of  ihr  mti»a^ 
qttfnt  fertiiitg  of  ikt  »oil.    Orid  discriWa  lh«  conte?i,  wIhmi  that  heio 

,..-...,- "Iwiit  rajt""  anilfcotn, 

Fmtn  bis  insiinMl  (rntil,  he  lore  tke  xiuliLioi n  Ifurn, 
Thi«.  iMap'd  wilh  AoiiiFn  ftiiil  rniit*,  Um>  .\iuiuU  tioat, 
SacfeJ  lo  ptcBt}.  aimI  tiie  tiounteous  jeai. 

But  ArhnUtii'  in  hi*  opzv  LvmI 

l>c«p  hid**  bi«  brt'w  iWofin'cl,  ■ml  ni*lic  li«»4. 

No  rvsl  wuunit  ilx!  cii'iur'*  irtN<a|i(i  ohaw'd, 

But  hii  tvst  liDUure  ^ii«v  il  tLv  mumrj  god-     ifi(-  ix- 

Tbiu  river  gods  M-f^rv  somptiniet  rpprcspnted   with  b  comucopli   to  ona 
band,  and  the  other  reslingAn  a  rase  of  blowing  water, 

Anotlier  intenrsting  uDegory  of  tho  ancipnta  haa  reference  to  wawr: 
the  fable  of  MkiiKA,  who  it  was  said,  by  hoiUn/c  old  people,  maile  thooi 
young  again,  referred  tu  warm  or  vapor  baths,  which  she  invented,  and  inio 
which  k)i>>  uifu»«d  frngrant  hifrbs^in  other  words,  the  'patent  mediraied 
Viipor  Iftttlis'  <if  lliK  pretMriit  day.  She  also  pnssessed  iJie  art  of  i-haiiging 
tliu  color  of  tite  Iwir.  When  tlieruforo,  by  her  fo  mental  ions,  persiin&  afv 
peared  more  active  uiid  mipruved  in  hcaltn,  and  their  gi^y  hiitrs  rhnnged 
utto  ringlets  of  jet,  tlie  WliHf  in  her  niiigic  pi>wers  In^ame  irre^«iihle — 
and  when  at  length, ^ver  npjMiraUiB,  i.  l*.  ihe  rauliirmu,  troott  ami  firt,  ifc^ 
were  diiKOvered,  (which  she  had  «ettulou»)y  roncealifl.)  it  wuh  wuppose^^ 
that  )>cr  patients  wer^  va  reality  hwlrd.  From  Ovid,  it  sefrim  Khr  bad 
modem  ndpkur  baih  also,  tmd  used  it  in  Ute  cure  of  ^soii,  tlw  fatJivr  of  I 
busbaitd  Jason: 

the  •l«epiii|  sirs. 

Slid  Instralra  llwioe  witli  >tilplnir.  wal«r,  fiiv. 

«  •  ■  «  • 

His  fevbla  bame  reMians  a  jaulhAi)  air^ 

A  ^«)>  bnwo.  Us  bnaiy  board  and  hau. 

11m<  tnoagre  palttaev  from  bit  aspefti  fled 

And  m  it*  mom  upriing  np  n  tinrii't  rrd.     HH..  vii- 

Tbis  lady  was  the  great  patroness  of  herb  and  steam  doctors  of  old  ; 
may  be  coniidered  the  ancient  representative  of  modern  uiauiifacturerHj 
«>t^cifioa,  which,  as  they  allege,  (and  oReti  truly)  rentove  all  diseases, 
fcble  of  her  slaying  her  own  children  in  ll»  prmence  of  Jason,  is 
explained  by  her  oHininistenng  lo  tbem  llie  trromg  tnniidn^,  or  too  la  , 
a  aow  of  the  right  one ;  tlie  latter  was  ccrtuuly  lite  caw;  with  old   Pel 
wbo  expire<l  nnder  it 

Having  noticed  in  this  cbtpur  the  suppotnil  oingin  of  cog-wb«eb, 
may  as  wnll  introduce  here  u  aacient  mecbuiic,  i»  whom  we  thiill  hsva 
occasion  hereal\er  to  allude;  one,  whose  name  ts  intimmely  ttnodatod 
witb  thti  most  valuable  luachinoi  for  raising  water,  and   with   sereral   im- 


OtetifruM. 
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pnrtant  irnproTeioants  in  ihe  iiKK'Jmnic  arU.  As  the  ««rlieM  <lt«UDCt  notice 
uf  cin;-wht>*?U  is  in  xha  drncription  i>r(nM!  of  h»  manhinet,  (ton  the  c]«ch 
svJrs,  p^K*'  ^^i)  wa  may  u  well  introduce  bim  to  the  refider  u  tfaui 
ptrt  of  our  6ult|«ct,  allhouirli  we  hitve  not  yc^  in  the  pn>|)[reM  of  our 
vrork,  4rriv«d  at  thu  period  U  whioh  he  fiourishe*]. 

Purini;  tiic  n?i^  of  Plolwiny  Pbilulelpliu*  orer  Ggvpi,  an  Gf^yptiiui 
Hvvr  pursued  hi»  vt^rmioii  in  tha  eUy  ot  Alexuidria.  Like  ftll  prnfeiMun 
^ii9l  anr>i-nt  tnysitry,  htn  poMcmed  beaideii  the  inEurior  apparatua,  ths 
tew  most  i^-»-'4i-nlinl  iriipii'tiK^oU  of  all:  a  retor  and  a  louluns  ghtu,  or 
mimjr,  pnibanly  »  iimi^llic  one.  Tbia  mirror,  we  are  informea,  waa  au«- 
pendcd  from  Hit  citlmff  iff  hta  shop,  and  balanced  by  a  weifjrht,  which 
mo«i;d  in  >  conoeaird  «aiw  m  oim  comer  of  ilia  room.  Thus,  wlien  a 
cuMomor  had  iindttrgniie  the  uaual  purifying  operations,  be  dr«w  dowm 
lh«  mirmr,  that  bf  rnif^lit  witne**  the  improveneut  vrhicb  the  artist  had 
urrmghl  on  hia  uutcir  nuin ;  and,  like  Otfao, 

la  llid  dpccnloiB  turrtij  lU*  ehma*.    Jn,  9m.  U. 
sTter  which  he  rt-turned  n  to  iu  fortucr  poeitioii  fur  the  uw  of  die  next 
cuMomer.*     It  would  sc«m  thai  tho  case  in  which  the  weight  lonved  wu 
encloaed  at  the  liotifiiii,  or  prvuy  accurately  toadv,  fur  aa  the  weight 
lacnred  in  it,  uidl  displaced  the  air,  s  oortain  couad  wu  produced,  ^iher 

'BTrlaBk  mirrofn  furnhili  one  of  ibe  (>«•))  pmoh  *t  •kill  in  tvorkiiiii  lliv  metnls  in  ibe 
1— inUil  Itnt'a.  fur  iIkit  anl»|iiily  riIimuU  bpynnil  all  r«catik.  In  Uir  firnt  pafC"  of  hi*- 
tOTj  thn  »!>•  tnonticiiwd  sa  in  camnion  u«i.  T)ip  tiiitT«v  Isver  of  the  Tstwrtiscis, 
wa«  mwe  of  >l>v  iuiin>n  of  ihe  Unwiittdi  Mvuieii.  mIiicJi  t)ie]'  uarrioJ  with  ibuui  out  af 
Et71>t.  rmtn  «oine  toiiad  at  TbelMa.  u  nell  mt  reiireMnUtioDi  of  otbats  ia  the  aeulp- 
m»*  sail  pAuiiinC'.  ni>  see  at  onw  thai  iImmf  'hmltmg  (bawi.' (iu  tber  am  called  in 
tLnda*.)  *trt  «tnilnr  (n  thnv  of  IJMrk  itnd  Komaa  In^c* :  viz.  roniM  or  (ivtl  ptalt» 
of  metal,  frrtm  tlirri-  lo  an  inclirs  tn  diuiiivtFr,  anil  bnvinit  liandtva  of  wood,  <talM  and 
fDrUlhyfiS  -'ii  'iiifglvil  mill  »r  Taitouk  fnrniis  incorilinit  In  ihn  tn«ln  of  ttie  wvarer. 
P"'  'iJ  m  Ecypt  Willi  ttiv  lurtrc  piuiinllT  pronerred,    Tl»ey  are  eoi^ 

K'  '  <;vpp«r,  and  ■nlinwny  or  tin,  iind  Irid :  atui  xpppar  In  hnv«  baon 

inoB.  MeoMd  ID,  at  8Qflp«nded  rroni  the  girdle,  tu  piiKtuhiofu  nnd 
j)y  worn  anil  ar«  aa  atill  bv  ■nme  nnli>|iiiilR(t  Udin.  TImt  titerkt 
rfwni  *l«0  of  •ilrer  «ml  of  ttrrl  Soinv  of  llie  liitlfi  aeri:  fniiiiil  in 
HmiilniiPBin  PlulaM-b  nM-iilioD*  mirran  bucIohmJ  in  *err  neb  fnimi'*.  .AmoDR  lh« 
anicU*  of  till-  lailnl  ftinnd  in  n>nip«ii.  arv  rar-rinp,  ^Idon  and  lomnum  jNof.  aad 
i>«v«ral  tntitlUc  iriirrort-  One  u  loand  and  etcht  iacUM  m  djamewr.  IIm)  other  aa  oU 
lnn(  Mtniiiw.  Tti«i-  bad  iIwib  willi  plnne  vurfacc*,  luiil  alio  cenvax  and  cvucave.  8a- 
ajt*  hi»caiuitrywoiiieii  had  Uiem  aim.  eijiinl  in  Ittn^li  and  breadth  to  a  fbll  sTonm 
k.  iMfKibly  denivaled  viUi  pold  and  ■iUrr.  uml  prrf  hmk  ntniif*.  Thi'ir  lii\iitv  in 
tirlo.  MHnna  to  have  bMn*WW*iir«i,  ftir  tJie  rooi  nf  one  uflrn  firevdml  a  'm»- 
fvrtnni*.  7>e  dnwnr  which  llw  Scnaie  save  ibi^  (Iauxk><«'r  iif  Scimu.  aonordinK 
wfi,  n^'ild  nut  purchan  iafaia  tiiav,  a  minor  for  Oic  daucMer  •yf  t  freedman. 
,oeIi»  Sai"U  'lamn  bail  portable  nieiallie  mirror?,  and  w<3ti*  il  >  i  i  M  from 
thi>  waiM      |i  in  Mtl  a  llile  flBAiilar  Ibiii  tiMt  nnrtirit  I'rrivinnK  Iibi>  iiiririf  of 

aiKrr.  rH{i]>i-t  toil  iu  allnv*.  alMl  i»l*u  of  obfiidiun  itiiiit.  Tbcjr  bud  i...  ::.  ,  ...iir. .  i-otjrei. 
and  ri'iKnitf-  Hiul  nbi  ibi-  art  uf  innkinx  thviv  mirrora  b«<-n  rrvivRd  in  tbv  ipRciiltinia 
of  TvilM-tiiif  iffUnrojiM,  thrir  Imirn  ennid  hardly  haTe  b*en  appr^triawd;  awl  ibey 
irouM  pr»>f>«Mv  btii'-  licrn  rtin»iJetnl  a*  indifferent  (ulwijliite*  for  tho  modem  loohiiiil- 

flaM.    Tlictif  U<i  u'.'  •iii'|<t>""[  HI  have  bmn  Bianuraciun.>cl  in  nncivnl  Tyre,  and  vf  a 
Iw   -  '  •   '  ' '     1  iiMd  or  tin  was  afterwards  ii»ed.    It  vtu  poured  on  the 

.<\  from  iIm!  fiiv,  and  brine  eiifr-mrf  ia  mol,  roniMd  a  back 
l»«iliing-glaaaea  of  lhi»  defUjilluti  vrerv   ui.ide  in   Vfnice. 
ll  Mu  aul  Ull  abi>ul  Ibc  n>lh.  tbnl  tbr  prewnl  moiln  i>rriMl:ng  the 
>r    nni*    (in  (nil  wan  inircidiictsl.     TIm  invenior  is  uoi    known. 
I  u-d  witb  n  i>ii«<-*uluiii  in  oii«  hikod.  and  tlw  natroaoniiMl 
:bc  6f:MiP  <i(  une.     'l'bFrT<  ii  a  chemical  esaminatiDa 

'  ■ - - ■!■  "'-■•■■■.  I'lill.  M««. 

I  Ikoviu;  ]<rulongc«l  thn  ear*  of 
I   I.  tlie  Inltpr  •  i* laiil.  enilaaTor«il 
la  lifJ«  lu*  UMgiiUM  lif  bin  luu,  tiui  liitiuil  it  iuipi)iai(bl«  10  oooeeal  il  from  hia  Jbirier 
Jbvui  raxon  wart  anticaiJf  cmniaon. 
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by  iu  oxpufsiao  through  some  sintll  urificB,  or  by  lU  otcaoe  between  ibe 
Bules  of  ibo  case  uul  the  wcigbl.  This  sountl  bad  pruoably  reDmineil 
mtnooeed  like  thu  ordiiwry  creaking  of  a  door,  purliam  for  ycun,  anu' 
one  A\\  OS  the  barber'*  ion  wu  UDUging  hiuttelf  iii  his  fathvr'a  tbop,  kis 
attuiitioii  wu  arreMed  by  iL  This  boy's  lubftequunt  refleciiona  inuooed 
Liu  10  iiivesiigale  iu  cause ;  and  frum  thii  simple  circumtttaiice.  he  wu 
led  eventually  cither  to  invent,  or  greatly  lo  inipmve  the  hydraulic  urgaa, 
■  mtuical  imtnuuent  of  great  celebrity  in  aiicient  lii»C6.  His  ineeoui 
and  iudustry  were  so  conspicuoqs,  that  he  wtu  named  '  The  DeliRuier 
"Werkfl  of  Art.'  Hi»  studies  in  »-arious  bnuicheB  of  naturaJ  phiJosophj 
were  rewarded  it  ia  said,  with  the  discovery  of  the  pamp,  oir-t^n.  llre-en 
gioe.  &c.  Ho  aldo  greatly  improved  the  clepsydra  or  water-dock,  in  the 
construction  of  which  he  introduced  looOietl  wheels,  and  even  jnetM 
Aalcr.  Vitrovias.  ix,  9.  These  ancieat  time-keepers,  were  therefore  the 
origin  of  modem  clocks  and  watches.  Now  this  barber's  son  is  ilie  iaili' 
vidua]  we  wish  to  imroduco  to  ihf  reader,  as  Ctebibii-s  or  Alcxakdhi*, 
one  of  the  most  eminom  mathematicians  and  mechanicians  of  ontiijuiiy — 
one,  whose  clums  upon  our  I'stiwrn,  are  nut  surpassed  by  those  of  any 
other  individual.  anc;ent  ur  modern. 

It  will  be  perceivcH  thai  ihe  siiiipltt,  the  trivial  sound  produced  by  the 
descent  of  tlte  weight  in  his  fatlier's  shop,  was  to  him.  what  the  fall  of  ific 
apple  was  lo  Nuwtun,  and  ihv  vibration  of  the  lamp  or  chandelier  in  tbo 
church  a(  Fisa,  to  Oaliloo.  The  circunisUnco  presont*  another  lo  the  no- 
nu<rous  proofs  which  mi^ht  be  adduced,  tliat  inquiries  into  the  causes  of 
tbo  most  trifling  or  insigiiiliranl  of  phyoical  ffR-ctit,  arc  sure  to  lead,  di- 
rectly or  indirectly,  to  iiiiportant  nrtuli*— whilw  lo  young  inoti  especially, 
it  huids  out  t}iL>  i^rt-otent  tmcouragement  to  occujiy  tJieir  leisure  in  useml 
Kscarcbcs.  Its^ows,  thai  however  impropitious  their  circumsCaneea  may 
b«s.  they  may  by  industrious  appUcation,  bifcomo  disdogutabed  in  science, 
and  may  add  iboir  names  to  those  of  CUisibiue  oimJ  Franklin,  and  many 
others — immortal  examples  of  the  monU  grandeur  of  irrepressible  per- 
■evenuice  iu  thii  midst  of  difficulties. 


CHAPTER     XV 

TIIB  CUin  OPniTS--to«nfia— Vftd  in  JoMpti'*  *ir1l  Bi  Cuni— NuMinulB  Bcjtpi— AUMqa^ 


DMcribMl  bf  Afnrala — 6p«at>b  oos— Niidcni  nna  Ape lif  lino*  nt  il  to  oUiar  paryu—  Una 
—!■■  ir»|itoy<  M  •  In)  marar  mil  MtbilkulJi  Ibr  omnkitt  nkMl*— PnBrlal'i  a«uM**— AnlkfXV  <■' 
Ifc*  ckMa  or  |M4»-OnaB  CMiiaaiHltal  with  IW  aartk  liy  luuicnt  smI  Modai*  ■■Uwrt— UlrodaMd  Ma 
tirf^trhf  Tniuiu— npiniaBB  nt  andvm  vrnan  on  ili  iiniuiiiilf — Ralrrml  l»  bj  Mlamnm—tattji^utm 
•BfUM  thil  niM4  tbe  »*le(  tf  th*  EspkrvM*  lo  Mipply  Ut  bwf  U|  girfcas  Hmp*  r**P — liydxntM 
Bek. 

Tuc  tympanum  and  norta  in  all  their  modifications,  have  been  cotuidc 
ed  as  origiitating  in  tlio  gutter  or  jantu,  and  the  twape  ;  while  the  ma- 
cfaino  wo  ap«  now  to  examine  is  evidently  derived  from  the  primitive  cord 
and  bucket.  The  Brst  improvement  of  the  tatter  was  the  introduction  of 
a  puUey  (No.  L^  over  which  the  cord  wai  directed — the  next  was  tbe  m^~ 
dilioo  of  another  vo«<ial.  so  as  to  have  one  at  each  end  of  the  rope,  (Si 
13  and  14)  and  tbe  last  and  most  important  cotuiaiad  in  uniting  ihe  ' 
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of  ilwr  rt»pc,  aiid  secariiw  tp  it  «   number  of  vtrfJit^i*  u   «f]ua)  (lint&nc«« 
Uinni^h  tht!  whole  of  its  Ivngth — ftnd  tti«  chain  of  futs,  wim  the  rt)«ulL 

TIiB  pjtK'nil  cnnstruction  of  lhi»  niuffbiiw  will  ap^nrwr  from  «n  fXdiniii- 
MJoii  of  thfutp  whirh  are  eitipluyt^  to  rkiM!  WHtftr  fniiii  JaH!|ili'«  well 
at  Cairo,  r«ipr<-iM:iitr<d  at  |»i^e  4G.  AbovM  ihw  inotilh  i^  ettcli  sbaA  a 
Terttcal  whrr-l  m  placed ;  ov^r  wliR'h  two  MudlfsK  ro)M-ii  pnwa  atnl  are  sua- 
peiv]i>(l  from  it.  Tht-«n  are  ki^pt  ■•arail'^l  U<,  tLiiii  &I  a  short  djalauce  from 
each  uth»!r,  l>y  nitigN  •ecnrecj  (o  (tM^rn  al  regular  inl«rva]>,  so  (hat  when 
tbuB  Itiiiteil,  tht^v  form  an  endleSK  ladder  of  ropes.  The  rungs  are  aomo* 
Umea  of  wixul,  hut  inorti  rrec|ueiitly  of  ccird  hke  the  xhrouJa  oT  a  ahip, 
and  (be  whole  i»  of  such  a  leiigtli  that  tlie  loweKt  part  bangs  two  or  throe 
feet  below  tbe  sur&oe  of  tlie  water  that  is  to  be  raised.  Between  tin 
rungs,  earthenware  vaves  (of  the  form  B^uned  No.  7)  are  secured  by  cords 
roaod  the  iieck,  and  also  round  a  Wnob  formed  on  the  bottom  Sar  that  par- 
jMfte.  See  A,  A,  in  Uie  figure.  As  the  axis  of  tbe  two  whocls  are  at 
right  angles  to  each  oilier,  two  separate  views  of  the  choiiM  are  repro- 
•eoted.  Ill  Uie  lower  pit,  both  rojiea  of  one  half  of  tht  citain  is  seen  ; 
while  in  the  upper,  the  whole  length  of  one  is  in  view.  The  vaaes  or 
pot*  are  ut  arruigej  that  in  passing  over  tbe  wheel,  they  fall  :n  between 
the  spokes  which  connect  tlie  two  sides  of  the  latter  together,  as  shown  in 
ibc  section;  and  when  they  reach  the  top,  their  comcnis  arc  diachargod 
mto  a  trougb.  (In  itome  machines  ibe  trough  passes  under  one  rim  wbicb 
is  made  to  project  for  that  purpaso;  in  others,  it  is  placed  bolow  the  whc«l 
and  between  the  chains.]  Tliere  are  in  tbe  upper  pit,  one  hundred  and 
thirty-eight  pots  and  the  distsitce  from  each  other  is  about  two  feet  s^vcn 
tDCbes.  The  contents  of  each  arc  twenty  cubic  inches.  The  wheels  that 
etrry  tbe  chains  are  lix  fe«t  uid  a  half  in  di&meter.  They  are  put  in  mo- 
boD  fay  cog  wheels  (on  the  opposite  eiul  of  their  axles)  working  into  oth- 
ers that  are  attached  to  the  perpendicular  •bait*  to  wbicfa  tbe  bliudiold«d 
animals  ar«  yoked. 

The  chain  of  pom  in  Sgypi  is  BAiiied  the  Sakia.  Its  superiority  urer 
ibe  noria  and  tympanum,  «c.  in  being  adapted  to  raise  water  fruin  uvury 
d«ptb,  has  caused  it  to  be  more  extensively  employed  for  artificial  irriga- 
tion than  any  other  E^'ptian  machine — hence  it  is  to  be  seen  in  openuion, 
all  along'  the  borders  ot  the  Nile,  from  it«  mouth  up  to  the  fini  cataract. 
la  Upper  Kgypt.  and  Nubia,  ihey  are  so  exceedingly  uumerous  as  to  oc- 
cur every  hundred  yards ;  and  in  some  cases  lliey  are  not  Tony  yards  apart. 
Their  numbers  and  utititj^'  ha^e  rendered  them  a  source  of  revenue,  for  we 
an)  informed  that  each  sakia  is  taxed  twenty  dollars  per  annum,  while  tlie 
■trap«  is  assessed  at  half  that  amount.  Tliey  are  also  common  in  .4bys- 
■nia.  They  were  noticed  there  by  Poncet  in  1693.  When  Sunti;/"  wa« 
tn  Kgypt,  A,  D.  1611,  the  great  number  of  sakias  did  not  escape  his 
obienration :  "  Upon  the  banks  all  along  are  inlifiite  numbers  of  deepe 
tnd  spacious  vaults  into  which  they  doe  let  the  river,  drawing  up  tlie  wa- 
Iftr  into  higher  ceslems.  unth  wheeles  set  round  with  pitchers,  and  turned 
■bout  by  bnft'alovs."      Travels,  page  118. 

An  allempt  was  made  some  years  agg  by  an  enierpnsing  Europeoil  to 
inpnrsrdc  tbe  employment  of  these  machines  in  Egypt,  whicli  Oti  account 
of  the  mten^sting  circumstances  connected  witli  it  may  here  be  noticed, 
la  tbe  lalturmrtof  the  last  century  an  intelligent  young  man  of  Padua 
was  designed  by  his  parents  for  a  monk,  and  was  sent  to  Rome  W  receive 
an. appropriate  education.  His  inclination  however  led  him  to  ppffer  the. 
iliitlyuf  natunil  philruiTphy  to  that  of  theolingy,  and  particuluHv  livdniu- 
hta.  Upon  tbif  invasion  of  Italy  an'!  capture  of  Rome  by  the  l^eiich,  ho 
nramlered  over  various  parts  nf  Europe,  supportiog  hitoself  by  publicly  per 
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Arming  foaU  of  tgUity  satl  suvogth,  and  by  KJvntiiic  exhibitions.  Afu 
roving  UiiM  for  tiftcvn  ye&jv,  hv  dftvrnutiL-d  to  visit  Lgypt,  under  the  betil 
thst  hu  would  m»lt«  liw  furlunv  (hf  rp  bv  introducing  iiiMhinwry  un  the  pr 
oiple  of  the  pump,  ns  Rub«tilutt^«  for  the  rwiria  nnd  chkiu  of  (xit*,  fee.  In 
June  ISIS,  he  lontled  nt  Alexandria,  nnil  after  Home  tlehiy  wh*  intruii» 
oed  (o  Maliomtned  Ali,  (the  preneiit  Pii«ha,)  tvhti  npprnved  of  his  praj 
imd  in  whose  gHrduiia  at  8oubra,  tliree  milt^n  from  Cairo,  he  cunntruc 
his  machino.  But  no  »ooiier  was  it  coinplel^d  and  put  in  operation  than 
he  diacovcrc'd  in  iho  Turkish  and  Arabic  cultivator*  an  uncontjuorable 
poiition  to  its  iittroducdon.  Indeed  thin  result  tnight  have  been  antii^ 
led  and,  if  we  are  not  mistaken,  they  were  ri«;ht  in  preferring  their 
fimple  appantua  to  an  elaborate  machine,  of  the  ptiiunpla  of  wboee 
they  were  utterly  ignorant.  Their  rejection  of  it  was  looked  upon  ul 
other  example  of  aupcrAtitiouB  adherence  to  the  imperfect  meciiaDitrai 
fannvT  axes;  but  under  all  the  cireumstanccs,  it  was,  wo  believe,  an  evi- 
dtnoe  «  this  eorrectncu  of  their  judgment.  Thus  diMppointed.  his 
brightest  hopes  blasted,  and  hU  {>ecuniaty  resonrocs  all  but  exhausted— 
for  he  rcceivi^d  no  renumenuion,  either  for  the  Iom  of  his  lime  or  liii 
money — he,  with  an  energ'v  of  character  deserving  all  pmise,  detemuMd 
to  make  the  b^sl  nf  hi^  misfortunes.  He  therefore  turned  his  aoetuioii 
to  fiiat  auhjef  t  which  necessarily  orciir^  tn  every  intelligent  stringier  in 
Egypt — its  an/iquitifs — and  while  the  British  Museum  remains,  ojid  ^e 
(XMuol  head  of  young  Mi^mnnn  ia  preserved,  the  name  of  KtiLznm  will 
be  lemembered  and  respected. 

From  the  following  oeaoription  of  the  rhain  of  poLi  by  Vitraviiia,  it  ap- 
pears that  the  Romans  made  it  of  more 
dumhie  materials  than  either  the  at>- 
cii-nt  nr  iiindrrti  jM-dple  of  Awa.  "  Uul 
if  a  placr  nf  tttill  greater  height  (than 
colli  J  be-  rt'acheii  by  the  noria)  isto  bc 
Miipplied  ;  on  the  same  axis  of  a  wheel, 
u  diiwhlr  chain  «/'  iron  is  wouitd  and  let 
down  tn  ihr  level  of  tlie  bottom;  hav* 
tug  hrtiM*  huctefs,  each  containing 
i^oiigius  (M-ven  pints)  hanging  ihei 
■o  thni  H|H>n  the  turning  of  the  wl 
the  chain  revolving  round  t])c 
rai»os  the  buckets  to  the  top ;  which 
whi.-n  drawn  upoa  the  axis,  become  iu> 
vertt^d  and  pour  into  the  reservoir  the 
water  thtw  have  brought,"  Booh  x. 
Cap.  <1,  Newtiio's  Tnina.  As  no  re- 
ference is  made  to  the  form  of  the  t 
■  »ehi,  by  Vjiruviua,  wc  find  them  rrj 
JtetiU^d  by  translntors  in  a  variety 
sliapes,  a«  cylinders,  cubes,  irunraied 
conea,  |i\Tamida,as  well  as  portions  of, 
and  combinations  of  tlieni  all.  Soma 
are  Irft  o[>en  ut  tlie  top,  and  both  wil 
and  without  projecting  lips  in  front,! 
which  to  shoot  the  contents  over  ihe 
edg<^  nf  the  reservoir  as  llicy  pass  ih« 
wtieel  or  dnm.  Others  are  cloaed) 
and  ailmit  and  discharge  the  water  thntugh  an  orifice  or  short  tube  aa  n- 
pre»entv(i.     (No.  53.}     From  the  »epaT«te  6gur«  o?  tm©  «S  i^vb  ■u«s«^'a. 
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wiQ  be  seen  iliat  tlie  tubes  aro  placed  u  tlio  upper  comer,  and  consequent- 
ly retain  the  watw  till  ilte  rasseU  aaecnd  the  drum,  wlicn  it  in  diflcfanrged 
«5  reprewBted,  Provision  should  be  miule  for  the  escape  of  aJr  from 
ibeSB  vesseb,  as  tlie^  ester  tlie  waiur,  and  also  for  its  adtnitinon  on  the 
dkcharge  of  the  liquid  above.  Tlitt  wheel  or  drum  which  carricu  tho 
diaia  is,  ia  this  6gure.  solid,  aod  out  toto  a  hexagonal  fonii  to  pruvout  it 
from  slipping. 

There  u  also  in  old  aothors  a  great  diversity  in  the  coiislruotion  of  the 
duuns,  and  also  in  their  nuinbor.  Some  uuderslaiid  bv  Uiu  term  '  doiiUf 
tAam,'  loerely  a  simple  one  duuhlcd  ai)d  its  eiitU  uciitou  ;  i.  u.  one  wbtMa 
let^th  is  equal  to  double  the  space  througti  wliicli  the  water  is  to  bo  elfi- 
TMed  by  it.  Others  suppoac  two  auparate  onea  intended  and  ptacod  por- 
alM  to  each  otlicr,  the  vetisels  being  oonnectcd  to  tlieni  as  in  the  figure. 
Others  again,  and  araong  them  Barbaro,  figure  two  sets  of  chains  and  poU 
earned  hy  the  same  wheeL  He  has  also  miidc  them  pass  under  pulleys 
in  the  wnler,  a  useleas  device,  except  when  the  chainsaro  vniployed  tu  on 
tncHtied  position. 

The  chain  of  pots  is  mentioned  by  must  oriental  travelers,  although  d«- 
scribed  by  few.  In  Terrt/'g  voyage  lo  India  in  161S,  jipvuking  of  the 
laoks  ana  welU  of  ihc  Hirulootf.  he  observes,  "  they  uauuiiy  cover  thoM 
wells  with  a  building  over  head,  and  wiUi  oxen  draw  wulur  out  of  them, 
which  ri^eth  up  in  many  imall  buckets,  whereof  some  arc  aiuuyti  going 
down,  others  continually  (.coming  up  and  emptying  tlietniti'Ives  in  troughs 
or  little  rillt),  made  to  receive  and  convey  thuwuUT,  whither  they  please." 
pi  187.  To  the  same  machine  Fryer  refers,  when  speaking  of  the  difler- 
cnt  raodos  of  raiding  water  from  Jeep  wrlls.  It  is  drawn  up,  he  ^ays,  by 
men  "Mrtth  huge  leafhem  buckets  or  pots  around  awheel."  p.  410. 
And  wain  at  Sural,  it  is  drawn  np  "  in  leathern  bags  upon  wheels."  p. 
104.  llad  not  tetll*  be<?n  mentioned  in  connection  with  these  exlracia 
from  Fryer,  we  fnight  have  supposed  it  was  the  noria  to  which  he  alluded. 
Tavernier  tnentionii  it  In  the  same  way  as  applied  to  draw  water  from 
wells  in  Persia,  p.  143,  When  required  in  raise  it  from  rivers,  they 
Were,  as  in  llje  case  of  the  Persian  wheeU  on  the  Orontes,  propelled  by 
tie  curront  when  it  was  sufficienlly  rapid  for  the  pHrj>o'ie.  "  As  for  the 
Buphmtcs,  (oK*ervos  Tavemier.)  certain  it  is  tliat  tlie  great  number  of 
millii  Imih  upon  it,  to  convey  water  to  the  neighboring  grounds,  have  not 
only  rvmlered  it  iinnavigahle.  bm  made  it  verj*  dangemua."  Lucu»  in 
At  3d  lionk  of  hiit  Pharsalia  alludes  to  this  extensive  diversion  of  the  wa- 
lar  for  agricoliurel  purposes,  in  his  time. 

But  ■iron  Eupliraics'  parting  wsve*  divido, 
Covering,  lih«  fruitrul  Nile,  ihe  country  wide. 

These  mills  am  probably  similar  to  those   referred   to  by  Montanus  in 
^tui'  ^f  Jnpftn,  p.  29S.     The  city  of  Jonda,   Hg  obsenes   was  d«- 

I  by  a  slnmg  ca«tl(>,  which   was  "  continually  sujiplied  with   fresh 

Water  by  two  mitU."      Il  ir  a  oily  they  were  not  described. 

The  rhiiin  of  pots  was  ust-d  hy  all  the  celelirated  Dntionfl  of  aniiuuity 
tad  it  Ktlll  IS  employed  mnro  or  less  over  all  Asia  and  Kurope.  Prvviuua 
to  the  16tli  iT4'iitury,  it  conntiluted  the  '  water  works'  for  supplying  fluropu- 
tn  cities,  and  wa*  nflvn  driven  by  wind  mill  s^-«ts  it  still  is  in  HoUoiid.  It 
leems  to  be  thr.  kc  plva  tUira  of  hydraulic  engines  among  half  eivilixed 
nations,  white  those  only  which  are  enlightened,  hnvc  the  pump.  £vco 
Ac  materials  of  which  it  was  made  by  different  people  oi  olu,  may  be 
(xmsidered  as  emblematical  of  their  national  characters.  The  inhabitants 
of  EgypU  central  acd  southern  Awa,  employed  Ughl  and  ivu^  \vaMsvt^\ 


IM 


fit^tMuA  CkMu  1^  PatA, 


[« 


tbfi  ropca  were  fibrvs  nf  the  n«lm  tr««,  uitt  the  vessels  nf  eart)i«a 
wMln  the  Romans  made  thf  fihaina  of  imn  sni)  rtip  vcsaeU  nf  bnu*. 
former  pcoplf  were  sofr,  cflitMruiiStc,  irud  Muiljr  eabdued;  the   Uttef 
iU)d  mflcxiblc.- — an  iron  race. 

I[  is  descnbcd  by  AgricoUaa  eraploy«i]  in  the  GtmnaD  mtnoa.     !)« 
Metalltca,  pp.  131,  132,  133.       Ttir  chains  aiid   rcssels  arc   r«pr«MTn: 
of  various  romu,  and  the  iant^r  botli  of  iron  and  wood,  and   prot>«.-lled 
tread  and  watCT  whocla."     In  Bessnn's  '  Theatre.'  A.  D.  1379,  ii  is 
OS  worlii^d  bv  n   pecdiiliini  and  cog  wheela--<be  tenth  bein^   coquou 
over  hair  llic  pcriphrrics  only.^ 

Id  "iipain  it  has  n-maincc)  in  connnna]  uiie  since  tlie  conqurvl  ami 
pation  of  that  country  hy  tin;  Romans  ;  ai»<l  woa  ppthapa  previoti^h 
duced  by  tlie  Vhentciatt*,  a   people,  to   whom  Spiiin   wtu  early  in  i 
for  many  valuabli;  octniisttions.    It  vk»  employed  there  by  the  Mnot^ 
middle  ages,  under  whom    the  inhabitants  enjoyed  a  degree  of  pro-. 
and  civilizalion  unexampled  during  any  suhM'ijuenc  period   n^  iheit 
ry.     The  Hrtu  and  mAniifat'turcs  were  carried  to  great  perfec-uon,  so  niu^ 
■o,  tliat  in  the  twelfth  cenlnry,  white  the  rest  of  Boropc  was  iu  eompiir" 
live   barbarism,  tlie  tiasoos  of  OrensJaaiid  Andabisia  were  highly  pti 
at  Constantinople,  and  throughout  the  eastern  empire.     To  the    Moori  -^^ 
Spain,  Kuropo  was  greatly  indebted  for  the  Introjuction  and  di»*enihiat»:.:^^ 
of  many  of  the  arts  of  the  east ;  among  others  they  introduced  the  Asi"'^^, 
system  of  agncullure,  v.-ith  its  inaeparable  aditmct  art\fina\  trn^attoit.    W^     ' 
are  told  (hey  divided  the  lands  into  small  iietijs,  whirh  were  k<?i>t  con 
uncler lilJitge ;  and  "they  conveyed  water  to  the  highe»t  and  unest  i 


The  chain  of  pou  in  $pain,  is  in  the  form  ai»d  material  of  iu  tt 


*Tlw  D«  Re  '  Moialtica'  or  Uratfe  Aateola  ii  inrnltiahln  Tor  ib>  sonouiii  of  (bo  I 
Ainlte  enfrin'v  fmiiin^f-.l  in  the  miUM  of  Gtinniiny  la  dw  Hltli  ind  jttm-.iiui-  r-t 
riMi  bninjc  il>iii<                       ra  tboav  naed by  llm  llDnunn  in  Hinix  <ir  tlii' 
Bitil  riiriliitii«l  II,                    iiy  in  hh,     xti'f  fir»i  ^litron  pr  ilitt  wvrk  we- 
IMi'i.  ulti- T*  .11  I  ,•!  ■                           ,.:'  .,1.      [tr<i»>  t :     .Mdbu 

Pii  Lil'it'ro  ft  |I#L'  \  ojij  iif  ill*  lui  «Mlm< 

Mc  luokv  iiKi  ef.     Tliv  ...:... 1,  ...  I  .ji,  ...^  ,:,...  ,L.  i.,.'i5. 

■•  Sm  aim  KiKti^r**  MiiiuJiu  Snlttamncoo-    Tom.  it.  pp.  lUO.  WO. 
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«d  ihe  imperfcci  sobsututcs  for  cog-  wheels,  idenrirAl  with  ihoae  of  Sgyp( 
unci  Asia,  uhI  may  be  cotundered  a  fair  irpresenutive  of  this  mncbiiw  ai 
Q»«d  in  die  agricuUural  diatricU  of  the  aocirnt  world. 

No.  55,  represents  a  section  of  a  mod- 
em machine.  The  wheel  is  placed  in  or 
overs  cistern  designed  lo  receive  the  wa- 
ter. Bucketaare  secured  to  the  chain  b»< 

-     tweon  the  joiau  of  the  latter,  and  tha ', 

■  ^^  ^^yJc^  r^T~P  wheel  as  it  revolves,  receive*  the  ccd. 
[I  ^^  /r  i\  A  f  I  "^  "'"  ihese  jmnts  on  the  ends  of  ita 
1 1  *p\«  tf/  l-F  arm?,  which  are  auiiably  shaped  for  the 

niirpoae.  The  btickeu  therefori;  follio 
nelWflen  the  arm:i  of  the  wheel  and  be- 
come invoried  in  parsing  over  it  aa  in 
the  figare. 


i 


It*,  as.    Hod«»  n*la  at  PoU. 


The  chain  of  pais  has  been  applied 
to  n  great  variety  of  ptirpo«e«.  It  has 
been  employed  for  ages,  in  dtaiuing 
doeh,  deepening  Aarbort.  &c.  The 
vessels  being  made  of  iron  and  formed 
like  wide  scoops,  are  made  to  pa^ia  un- 
der pulleys  attached  to  the  botum  of  a 
moveable  frame,  whieb  is  rSiaed  and 
lowered,  to  suit  the  varying  depth  of 
the  chanuol,  Besson  also  proposed  it 
to  raur  mortar,  &c.  lo  the  lop  of  city 
xvji]]8,  fort ificiti ions,  tec.  and  wherever 
large  quHnlities  were  required  ;  an  ap- 
plicatinn  of  it  that  is  wortliy  of  the  notice  of  extensive  builders,  for  the 
time  cnnsumed  and  exertion  expended  by  ■  laborer,  inascendint;  a  long  lad- 
Jeror  (light  of  stairs  to  deposit  a  modem  hodful  of  mortar,  ana  returning 
tbrough  the  same  space,  is  hurdly  cnnsi^innt  with  the  spine  of  ecooomy 
*ail  Qseful  research  that  characterizes  the  age.  The  [imotiut  ol  force  con- 
Ssmed  in  bearing  his  own  budy  ti^c  over  the  space,  independently  of  the 
load,  would  in  a  well  regulated  device  of  tbis  kmd  product*  an  equal  re- 
mIi.  Oliver  Evans  introduced  the  chain  of  puts  into  his  raiUs,  for  the  pur* 
|>o0«of  trutstnttting  flour  and  grain  to  tbediBerent  floors. 

It  has  been  adopted  as  a  substitute  for  water  wheels.  As  the  noria, 
when  its  motion  is  reversed  by  the  admission  of  water  into  its  buckets  at 
\h*>  upper  part  of  the  periphery,  is  converted  into  an  overshot  wbeel^so 
the  chain  of  pots,  has  in  a  similar  manner,  been  made  to  transmit  power 
and  comratinicale  motion  to  other  machines.  Jri  locations  nbere  there  is 
ftsntall  supply  of  water,  but  which  falls  from  a.  considerable  iicight,  it  &e- 
Urmm  a  valuable  substitute  for  (he  overshot  wheel,  as  a  first  mover.  It 
ia  ramarkable  that  this  obvious  application  of  it  should  not  have  occurred 
In  European  mechanicians  previous  to  the  17th  century*.  It  waa  designed 
by  M.  Fnutcini,  and  by  the  direction  of  Colbert,  the  illustrious  and  pa- 
tnotic  minister  of  Louis  XiV,  one  was  erected  in  1668,  iti  one  of  the  pub- 
lic gardens  at  Paris.  A  natural  spring  in  ihia  garden  suppUed  water  for 
the  plants.  It  was  received  into  a  large  basin,  and  to  prevent  its  over- 
flowing, the  surplus  or  waste  water  was  discharged  by  a  gutter  into  a  well, 
■I  the  boltom  of  which  it  disappeared  in  the  soil.  M.  Franciiu  took  id- 
vtntagf  nf  this  fall  of  waste  water  in  tlie  well,  and  made  it  the  means  of 
naaiug  *  porttoa  af  tht!  npring  wat^r  iuffJcifiitly  high  lu  form  a,  jev  i'ewx. 
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JVi«KMi*4  Alarhinc. 


[I 


Hs  «reetad  a  di«ra  of  pou,  K.  R,  No.  6C,  ^vhinb  ntfj^bml  friMii  (h«  ! 
torn  of  ttit-  well  In  Mich  a  botehi  cVmvo   Iia  mouth  m  il " 
tbe  jot  was  rQ(|uin^d  tu  be  raisedC   Fmm  tlf:  upfx-r  wlicd  . 

elinin  o1*  pois,  I),  C,  mhi  aiitiJtii: 
ami  carried  ronrui  by  it,  tlic  li>wi>rrq 
dippinj;  into  the  water   lo  im*    nW 
frorn  tfic  sprme  A.     By  this  »rrvi|^ 
t»c-ni  rhc  wpiglil  of  ihti   waltr  in  ifr- 
M-fnJittg  tbe  well  in  the  !nifl..^i  >,f 
tho  firsl  chain, mitcJ  a  ami 
(allowitif;    Cir   frictioti)    rl.i...^  ,     .i- 
•ame  spu'e  hy  the  itewtnJ  onit—vtd  & 
proportinnJtbU)    qiiftDlity   mill     tr:    <    - 
A  apoiir  cnnrcycl  tlir  wmtcr   ir- 
.  biirkrt4of  thn  driTiiijror  ntolivc  ■  ii.tm 
U  sltown   At  B.      TtitfsL-  liiicketa  \r«n> 
mMlf  of  hrrmn,  and   wid^  al    llii^   top, 
the  liffllLT  to  ri-rfiv«»  vr»tiT  fmtii  i(»p 
spring  ;  and  m1»i>  that   whrn   one    wu 
filli'd,  llic  •itrpliiH  niigiil  Ml  doirs   ita 
sidt;*  mto   lh»  next  nnc   lurluw,  and 
from  timt  to  thf  third  (tnir,  and    bo 
tJiat    nom'    illicit   li«    lual   hy  <pilli| 
ovrr.      'iTiff  huckeU  of  ihw  olhrr  c) 
wen*  of  the  same  fnnn   and   niati> 
but  ii)»tinul  of  being  uptm  liki'thr 
nu,T,   ihry  wieix  cloied  nii   all   «id^ 
ihit  water  t>emg  received  into  tlivm 
A,   and   diftctiargfed   from   th4>in   at  m, 
through   ih^irt   iiecka  or   tube*,    r,   g, 
u-hich  arv  upward*  when  the   bncki'ta 
Au.  ie.   Frkutiwi  MwhtH.  «fc«nd,  bning  connected  to  the  •niHllrr 

part  of  th«  latter.     A    pipe   from    ih«- 
upper  cixlern  w.  ronveyod  the   wntor  to   Ibrm  the  jet.     The  wrrov 
eaten  ihv  direction  in  wfaith  bnlh  chaine  move.     The  veMela  on  ibe    - 
K.  H,  M,nv  B,  doceniiinL'  into  the  well,  (the  Witom  of  whicK  ij  nof  «Iiowu,) 
fiill^nhil->  tlioMV  Mhown  ni  I).  C,  arc  empty. 

Th«  chain  of  FoIa  haa  been  employed  tu  work  pump*  in  ntinei,  la  pro- 
pel thnsbin^  macliioM,  See.  &c.« 

There  is  mtich  oonfiimoii  in  ihc  nnlicea  of  llie  cliain  of  pota  hv  ancient 
•atfaors,  froni  their  relnrring  to  it  wiihoui  diBcriminatinn  m  a  '  vf><rf,'  utd 
tliua  confotinding  il  with  tho  tympuiuiu  and  iioria,  and  iliat  nnoatifictitK 
of  (be  latter,  kiinwa  as  tho  I'vratan  wheel.  From  ibe  cireumilance  i 
ilB  having  biwn  propelled  iu  the  Baiov  nuotier  *a  these,  vix:  by  oxen 
tlie  uBuul  way,  (lhria(;h  r]u'  medium  of  cog  wheels,)  or  by  men  v,-alkii 
upon  or  within  a  wheel,  &c.  il  has  from  custom,  inadvcrtencr,  nr  Iron 
mporlieiul  knuwli'dgc  of  it»  disliiiciive  features,  been  classed  wilh  tht 
It  via»  of  it  tJiut  c^inibo  spoke,  "  which  by  wheels  and  jtoH'T"  rwst^ 
water  of  lh«  Nile  lu  tlte  lop  of  a  very  high  hill ;  and  wh;rh,  iintuaU 
being  tnovcd  bv  oxen,  was  propoUed  by  nne  liundrml  and  ftftv 
And  when  Julius  Cnsar  was  ucontged  in   Alexnndria  by  tliv  Eg] 


■S«e  Vol-  i,  at  nacbinat  kpnrovvd  hr  iKc  Tnaeh  Acnikiar.    DMBSulEen'] 
Val  a     Prfii*.ir«k  r.«7c.  Vi>f.  %.  8». ' 


CWp.  It] 


Ckatnof  Pou. 


^<t  rUm  of  pou  was  inclnded  oniong  Uic  "  wIircIb  and  trthar  Qnginea," 

b^  vrhkh  me  lattor  nitM*<j  water  from  (he  sea  uirl  dinchargpd  it  into  the 

cr.^...,.  rliot  (luprilicd  Ciejor't  army  with  fresh  water.     It  ww  most  like- 

^  the  "  nydrmulic  cnpnen."  which  Herodotus  observes  the  ifabv- 

•i^^.^.l-i  ttod,  tn  nu«e  u-nttar  from  ibe  KupbnUes  to  irrigvte  tlieir  lanat. 

T\tt'it  'engines'  were  certainly  vimilax  to  those  of  IndiM,  Kgypt,  Greece, 

and  olKrr  neigfahoring  codnlrlf * ;   lor  if  they  had  he«*r  of  novel  constriic- 

lioii.  or  pocuhar  la  Chaldea,  he  wnqld   scaniely  liave   failed   to   notice   m 

imporiitni  A  fact,  if  h«  ercn  omined  (&3  he  has)  to  describe  then). 

The  Mini*  lark  of  di»criminAtion  is  obviona  in  alnwat  all  the  accouius 
of  CDoJem  u  of  ancit-nt  niilhora,  respeictiiif;  this  machine.  When  they 
Sfwali  of  who^JT  for  raising;  watnr,  it  \*  as  difficult  to  aacHrtuin  tliose  to 
If  hich  th^  alltid*",  as  it  \s  in  the  parallel  paosageft  of  Fhiln  and  Diodorus. 
tUnbo  a/td  rs-iur.  Thus  Taxrmier  in  his  passage  down  the  Tigris  to 
Baf^Int.  rentarkn.  "all  the  day  long,  we  asw  nothing  upon  either  side  of 
the  river,  but  piiifiil  huu,  made  of  the  branebea  of  palm  trees,  where  lire 
ocrtaio  p-vM-  people  that  turn  ll»e  lehceU,  bv  mcan«  whereof  tliey  water 
thp  niriKblKiriiiK  ground."  SoBOcrime*  tJie  chain  of  poia  is  raentionpd  by 
tr«»ttlors  as  thi*  Persian  v^ieel.  and  popular  extracrs  from  their  worlui 
triMi  tcmaily  to  perplex  enijuircrs  into  iia  history.  When  we  met  with 
■tatrnwoi*  frora  Shaw's  travela,  that  the  Persian  wheel  waa  extensively 
on  the  banks  of  the  Nile,  ihroagh  dl  Egypt,  they  were  ao  much  at 
lice  with  the  (patimany  of  other  oriental  travelers,  and  so  foreign  to 
mr  iniiiresaicini  r^speclin^  the  u»c  of  that  machine  in  Egypt,  that  we  had 
imoipdtate  reference  to  his  work;  when  ^  apparenr  discrepancy  was 
explained.  Ue  dcscribtrs  and  fi^nres  the  chain  of  pots  (sokia)  as  the 
Perjnan  uiufl.^  Nordat  eomaiits  the  same  error  :  "  they  likewise  employ 
the  Persian  wheel  with  ropea  of  pitchers,  which  is  lurned  by  oxen."'' 
Ttaif  also  deseribcf  the  Spanish  chain  of  pots  as  the  Persian  wheel,  and 
which  he  observes  is  used  "  all  over  Portugal,  Spain,  and  the  I^evant."" 

Other  travelers  tipealc  of  it  as  tlic  Noria.  Mr.  Jacob,  in  his  "  Tra- 
vels in  the  South  of  hpain,"  Lon.  1611,  page  158,  says  the  Spaniards  "  use 
a  mill  of  Arabic  origin,  from  which  our  chain  pump  is  evidently  derived; 
it  i*  callcJ  a  noria.  A  verrical  wheel  over  a  well  has  a  series  of  earthen 
jan  fastened  together  by  cords  of  Cspano,  which  descend  into  the  water 
and  fill  themselves  by  the  motion  of  the  wheel.  The  vertical  wheel 
is  put  in  RMtion  by  a  horizontal  one,  which  is  turned  by  a  cow.  No 
machine  can  be  more  simple."  Tn  the  Gra»^  Ih:tt.ripfion  of  Hgypt, 
it  is  designabnJ  '  Rom"  a  /ttt','*  instead  of  naming  it  from  ibtf  »i»i&, 
ita  pprniliHr  and  distinguishing  rtrnliim.  It  certainly  bas  nothing  in  com- 
mon Tvith  ihr  noriji.f  xo^rt  the  [wiijior  vessels  in  which  the  water  is  raised; 
Vtd  thv^e  inlbf  laRer,  »tv  siinjn-iulrd  froni  the  anns  of  inflexible  levers, 
ascvtul  in  tlie  arc  of  a  circle  ;   uhile  in  lH)th    th''»e  circumstances,  and 

r^  trricht  be  nainni,  then*  ijt  iwi  rowniliiiiixrit  whatever  between  them. 

T)  i  (hit*  is  g<>i»or«ny  n^iiwil  by  French  authors,  '  C^npdef.,'  frniO 

its  >iir>-  ti)  the   Htrin^;  nf  tM-tuln,  which  Koinaii  catholics,  Maliome- 

tons,  itiidhivtA,  icc  (like  the  Pa^tuM  nf  <i]J)  u»0  iti  n-peacing  their  pra\*efs. 
This  appi-llittinn  is  aufiicii-iitly  diaci-iminatiiig,  and  is  appropriate  ;  cvrlainly 
mom  so  than  Aoicri/^^oCr,  Kiiice  it  verves  to  separate  this  machine  from 
PYf"-  -■"••  ■'•*:  nf  wiierta,  and  m  preaerve  a  tUatinctiou  between  two  vary 
diH  -ites  of  hydraulic  eugiues. 

"i  iir  •.iintii  uf  pots  seems  alway.^  to  have  been  used  lo  miM  water  from 

slVsvak  l>ag>  '*37.     ■TrsfeU  ia  Bsjpl  ami  Nubia,  Vol.  i.  fiR. 

•Tnvria  tlvouph  Pcrtiiml  and  Spun  m  1773,  snd  73.     |jan.  1780,  nass  399. 

'Taoi.  a.     M-mo'r-    C.  M      PUte  .1. 
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Pum/ti  oj  Damwu. 


Joicph'fl  Well,  ir  tJiu  lucMJon  of  tbU  well,  its  peculiar  eoostrucbon,  di- 
viaiott  into  Iwo  Jigtinci  shafts,  lli«  chdinbur  betwpen  tliL'in  for  llic  arttdftk 
wbicl)  propd  die  iiMichincry,  tlie  pasjuge  for  Uieir  tLSCiMit  slid  dc«x-i»t.  onH 
tta  enormous  dupth,  be  insturcly  considered,  it  v.-ill  nppcuir,  wo  think,  tliu 
uo  oiltor  macliino  coald  ai  uijJ  lime  have  bwD  lued,  or  tnlejuitd  by  :i»  r..t.- 
structora  (o  have  bpcn  used  jn  raising  tts  water;  if  ibfreforc  ibij  c. 
ted  u-ell  be,  as  ftupposed,  a  work  of  the  uiciobt  Egyptian*,  or  u  rv...  ..; 
Babylun,  thou  thv  eitJk«3  cliuiu  of  pota  may  safely  be  regarded  an  coavbI 
wilk  tbe  fouiidaUuii  of  that  atMUent  city,  if  not,  as  it  probably  i».  mock 
more  auciont. 

U  wa«  probably  ilie  '  pump,*  which  according  to  inMyiion.  Dakj 
intruduct>d  iiiio  Greece,  a  iboiuand  years  belbro  (he  building  of  Babi' 
by  tJie   Persians.      During  the   ttuic  the  l&racRtoB  were   in   Egypt, 

{■rince,  in  con»c<|uenc^-  ul  domestic  quarroU,  Icfl  it  with  Uis  family 
rieiMls.tuiJ  sailed  for  Grt-ecc.  They  laod«d  on  thcooaatof  Pelopoi 
or  die  Mnrcii,  and  were  hospitably  entertained  at  Argos,  where  ihey  -._ 
tied.  It  is  said,  (he  Grevks  did  noi  at  that  (ime  posstrM  the  knowleuge  of 
obuiining  water  from  wells;  ti)e  companions  of  I>an«us  having  been  dw 
ftrat  to  <«g  iheni,  and  to  introduce  rv»¥».  Pliny  vii.  1*6,  If  ihe  iidiabit- 
ants  of  Greece  were  ignorant  of  wells,  previous  to  the  arrival  of  tbcMt 
strangers,  they  c*mld  certainly  have  liad  no  occasion  for  pumpa;  and  it 
was  natural  fur  the  Egyptians,  when  they  dug  wells,  to  inlroduoe 
own  country  methods  of  obtaining  water  frooi  them. 

As  the  word  '  puni|M,'  is  not  however  to  be  understood  in  the  mtrit 
sense  in  which  it  i«  iit  present  used,  the  question  occurs,  what  kind  of  ma- 
chines were  thitse  t  1.  They  must  have  be«ii  simple  in  their  construetioa. 
for  olhervviw  thry  would  have  been  ill  adapted  to  it  mdeanJ  unc ultiv«i«i) 
people,  and  such  iho  Greeks  were  while  ignorant  of  wells.  3.  "Dicy 
must  have  been  of  geimrnl  application  to  the  itfii^  of  Greece.  3.  Thet 
were  such  us,  fnini  iheir  great  utility,  were  coniinui-d  in  umj  thrOTl^' 
sequent  agen,  for  lliey  were  highly  [jrizcd.  and  tiie  memory  of  theii  ■■ 
duction  preserved.  4.  Tliey  were  such  us  were  prevtously  ased  tn  J  ' 
Now,  of  ail  ancient  device*  fvr  raising  water,  to  which  the  term  '  j- 
could  with  «ny  propriety  be  nppliud,  the  chain  of  poljs  i^  liie  only  one  that 
fulfils  th<-'  c«<iHlitions  preiiiitted.  It  is  evident  that  (ho  jantu  and  its  modi- 
ficadoiis  are  wholly  inapplicable  t<^i  raise  water  from  wells;  and  the  iyn- 
pantn  and  nm-ia  ace  equally  ao.  The  iifupe  is  not  adapted  to  flfrp  wells 
and  those  nf  Greece  wnre  generally  such  :  yet  as  it  is  admirably  ndB{>teiI 
U)  raise  water  from  small  depths,  and  was  so  used  by  the  nncteui  Greeks : 
it  is  probable  that  ii  was  also  imroduccd  by  Dtuiaus  ;  as  we  know  that  it 
was  in  common  use  in  Egypt,  in  hie  time.  (Sec  Ggures  30  and  43.)  If 
must  however  have  been  of  cxlrrmely  limited  application  to  well*  on  ac- 
count of  tboir  depth.  (Eks  page  38.)  The  raouem  inhabitants  of  Egypi 
raise  water  with  itonly  about  «rw»  feet ;  and  from  the  figures  just  referred 
to,  it  is  obvious  that  in  tbe  tttoo  of  Danauf,  it  was  raised  no  higher  >iv  IL 
but  if  iu  application  was  eTon  extended  i»  Greece,  to  eleraui  water  Irom 
twice  that  depth,  iu  employment  in  wells  must  have  been  eomparabrely 
tnfling. 

It  could  not  have  been  the  cha'm  pump,  for  it  does  not  kd^mjv.  (kai 
either  the  Greeks  or  Romans  were  acquainted  with  that  nwehmo.  Vi- 
iruviu»  is  silent  respecting  it.  Nnr  can  we  suppose  any  thing  like  the 
ataumpheric  or  forang  p»mp  intended — even,  if  it  could  be  proved  tl  " 
both  were  then  known.  They  are  too  eomplex  to  have  been  U  all  suil 
to  the  Greeks  at  that  remote  ag«.  Inde«d  they  are  ultngeUier  w< 
10  a  rude  people,  wbo  would  be  unable  to  keep  ihetii  in  order,  or  to  t 
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tlic  csusrs  of  tbeir  niann^  to  wet.  Bui  thai  the  * jiumpi'  of  D&naui  wers 
•omc  kiuil  of  bucket  mochiops,  like  the  clmin  or  pals,  is  infeniblc  Inrm 
thii  Kucoiut  of  bu  dnughtera'  puotehmcot.  Thvy  were  cundiinncfj  to  draw 
wuiu-  frotn  deep  wolls.  and  wnuld  of  course,  ua«  the  machines  their  far 
tliur  tDtrudarpd.  Now  wo  are  inM  limi  ifac  vessels  ixi  which  tbov  raised 
Uic  liquid  lenked  8o  fnoch,  thai  the  watpr  pscapod  from  them  ere  it  reanh- 
nl  tho  suriaci^ — hence  their  endUu  punialiniont.  The  Aviity  remark  of 
Bioo  implte.4  the  same  thing.  A  pFrson  ipeakini^  of  the  severe  puniah< 
mvnt  of  these  young  wnmen,  in  perpetmiHy  drawing  water  in  vejwls  full 
of  holl^3,  he  rrawrked,  "  I  ihoiiW)  ron^iiier  them  much  more  to  he  pitied 
werr  they  eond^^nincd  to  drBw  wiiier  in  vessela  wilhniit  holes."  Hence, 
we  infer  that  ihe  Kpj-plian  mkia  or  rHAi!*  or  pots,  was  the  *  piiTnp'  in- 
Irodoced  hy  Danniui,  and  that  to  it  tradition  refers.  It  wia  the  trnly  otu 
to  which,  Irnm  Ju  ronstniclion,  and  adnplnrion  to  tvtrff  depth.  t)ie  name 
of  'pump'  could  have  been  applied — wnile  from  its  <iimp]ir>iy  and  cfB- 
cienoy,  it  wan  a  g;ifi  of  no  ordinnrj-  valne  to  the  Oreeks ;  and  the  introduc- 
tian  of  it  into  their  country  wiu  worthv  of  Ixiing  prvserved  from  uliltvioa. 

It  ia  believed  to  have  btren  iit  imintrrnipt^-d  use  there  iincv  the  Kge  of 
Danaut ;  altimugh  hiatory  miiy  not  have  preiMTved  any  m:ord  or  repre- 
aenlntton  of  bo  early  an  empInynHrnl  of  it.  It  i*  •till  u*ed  on  th?  conti- 
nent and  ill  Ihv  iibiTidv,  as  will  :i«  throughout  Syrixand  .'VaiiL  Minor.  At 
SmykMa  it  14  a*  common  lu  n  ptimp  with  n*.  Iii  "  Voya^i^  Pittoresque  de 
la  Orere,"  Pari*,  1782,  Piiiti-  49,  contains  a  drawing,  and  p«g«  9  a 
d'  .f  nm?  in  a  g«nli.*n  at  Scto,  ihf  ancient  Chioj,  and  capital    city 

of  ■  ;  of  thv    •ttine    nwot.-.      It   is   simitar  to  ihi;  one  rppr*f«ented  in 

No.  •>+,  am)  :»  donbtleiw  iilf-ntical  with  tho«r  omp!ny«-«l  in  ihc-  same  cities, 
when  HopiCT  was  bom  flcar  ih«  (b.-tncr,  and  when  ho  kept  n  school  in 
the  tatter. 

On  the  aotiqoity  of  this  and  preceding  macbines,  w«  add  i1ie  opinlomi  of 
recent  writers.  "  A  trareW  standing  on  the  edge  of  either  the  Libyan  or 
Arabian  de«en,  and  overlooking  Kgypt,  would  behold  before  him  oiie  of 
lh»  nwst  magnificBm  prospects  ever  presented  to  human  eyes.  He  would 
survey  a  deep  valley,  bright  with  vegetation,  and  teeming  u-iih  a  depres* 
•ed  but  lubonous  population  eugagud  in  the  various  labors  ^f  agriculture. 
He  would  see  opposite  to  hiro  another  eternal  t«npart,  which,  with  the 
one  ho  Btaod)  upou,  shuu  in  this  vadley.and  between  them  a  mighty  river, 
flowing  in  a  winding  course  from  the  loot  of  ofie  chain  to  the  other,  fur- 
nishiug  lateral  canals,  whence  the  water  i?  elevated  hy  wheels  and  buck- 
ets of  the  rudest  siructcireB.  worked  aomedmes  hy  men  and  mmelimefi  by 
Ctttil«>,  onti  HO  doubt  iJrtitical  'rifft  the  froresa  in  vat  fH  tfiriUtffii  of  Setos- 
bv."^  "  Thofto  metfaofU"  (of  raising' water  to  irripate  the  land,)  "are  not 
tlie  invundou  of  the  modern  Kgjplians,  hut  hai-r  h-tn  uacft  frotn  time  im- 
mtmonat  without  recpiving  the  Hmallesi  impror'tnettl ."^  "  Evan  the  croak- 
Ing  wnnd  of  ih*;  water  whceb.  as  the  liHndfoIded  oxen  went  round  vid 
round,  «nd  of  the  tiny  caHcades  s^dastiing  from  the  string  of  earthen  pots 
into  the  trotigh  which  received  and  diRinibuted  the  u-nter  to  the  wooden 
cassia;  were  not  dlasf^eeable  to  my  ears,  since  they  railed  up  Hefotv  the 
lion,  the  pri/nifivc  aget  of  mankind,  the  rude  iwntrivances  of  tho 
a^»  of  Egi/pt,  f[ir  ihr  advancMwni  nf  agriculture,  which  have  ra- 
■'V  eAange  or  iTnproivmeft  w;i  to  the  present  ftour."^ 
;y  other  marhine  that  han  yet  been  named,  the  dato  of  its  ori- 
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gin  IB  unknown.  From  \ta  aJnipUcit^,  its  obvitiua  derivation  from  Hw  prim- 
■live  cord  aiui  bucket,  its  employment  over  all  A«im  and  K^ypt  *X 
present  time,  and  it*  exten«ive  use  in  the  ancient  world ;  tlirr*-  c«n  W 
question  of  iu  great  antii|uity.  Vitruviua  ia  alike  HilKnt  n»pircliiig 
origin  of  this,  «»  of  tlie  noria  and  ti^mpanum,  and  doublless  fur  tlie  « 
reaaon — tbeir  oripn  extended  too  far  into  the  abyu  of  fnut  a^^i  to  be  ili^ 
covered.  It  is  singular  that  the  ancients,  w)io  attributed  almost  «rvry 
a^cultural  and  domestic  implement  to  one  or  other  of  tlieir  deities,  should 
not  have  derived  the  equally  important  machines  for  nuitiiig  water  fromi 
similar  source.  The  origin  of  the  piougfi  they  gave  to  Osiris,  of  the  Marrow 
to  Occtttor,  llir  raKe  to  Sarritor,  the  tc^tkc  to  Saturn,  tlie  twktt  to  Ccnss, 
tbojCai/  to  TrinLolemOs,  &c.;  and  as  they  attributed  the  art  of  manmring 
ground  to  a  god,  they  surely  ought  to  have  given  the  invention  of 
chines  to  irrigate  it  to  another. 

To  the  chain  of  pots,  there  is  ui  allusion  in  the  l>eautiful  description 
tbe  docay  and  death  of  llie  human  body,  in  tlie  12th  chanter  of  l^cclen- 
■ates :  "  Or  ever  tlie  silver  cord  ^le  looted,  or  the  golden  oowl  be  broken ; 
or  the  pitcher  be  broken  at  tlie  fountain,  or  the  wheel  broken  at  tbv  cts* 
tern."  In  the  east,  tfae  chain  is  almost  uniformly  made  of  ciord  or  rope; 
and  the  former  part  of  the  pasesge  appears  to  refer  to  tlie  ends,  which 
are  spliced  or  tied  together,  becoming  loosened,  when  the  vessels  would 
neoissarilv'  be  broken,  for  the  whole  would  fall  to  tlie  )K>ttow  ;  aa  occur- 
rence which  is  not  uncommon.  The  term  niver  cord,  is  exprossive  of  its 
vskitemeja,  the  result  of  its  constant  exposure^  water  and  tlie  bleschiiw 
effect  of  the  sun's  rays  :  and  gotdem  bowl  refers  to  the  rat  «srlh«nware 
pots  or  vases,  in  which  the  water  is  raised.  Both  pots  and  oords  stream- 
iDg  with  water,  and  glittering  in  the  sun.  prccenluu  to  the  vivid  imaginft- 
tious  of  iht;  orientals,  siriluDg  rMeinblanoos  to  bumisbud  gold  and  suver. 
The  circulation  of  liiu  siruun  of  lifv  in  man,  (his  blood)*  its  interrapoon 
in  disease  and  uid  age,  his  energies  failing,  nd  tfa«  moclnnism  of  bia 
fxuoo  weariug  out.  and  at  liut  cuasiiig  forvvvr  tu  movo;  oru  forcibly  illtw> 
mted  by  the  endless  or  circulating  cord  of  this  machine;  its  raising  Kving 
waters  and  dispersing  thctn  liirough  various  channels,  as  su  many  atreaow 
of  life,  until  its  vessels,  iIk-  pitchers,  become  broken,  and  tlie  lk>w  of  tha 
ttreiun  interrupted,  and  the  whed,  upon  which  its  movenietiu  depended, 
becoming  deranged,  broken,  and  deEtruyod. 

That  the  pots  or  vases  are  freijuonUy  broken,  we  learn  from  numerous 
travelers.  In  llic  account  of  Joseph's  well,  in  the  Grojfiie  Lhf.rrption,  it 
it  M*d  to  be  oeeMsarv  fur  a  luau  tu  be  in  constant  attumiance,  to  keep  the 
■pinwlt  which  move  it  frvni  stopping,  and  to  replact  (fie  //itcAen  that  art 
inkm.  And  that  the  wbv<:Is  were  often  deranged  is  more  than  pro- 
bable, whoa  we  consider  how  uxcoodiogl^  rude  and  imperfect  is  tiietr 
eonstrucuon  over  all  lb*  aui.  The  lurpnav  uf  travelers  has  often  been 
elicited  by  tboir  continuing  to  work  at  ail,  while  exhibiting  every  symptom 
of  derangement  aitd  decay.  "  The  water  wheels,  pots,  ropes.  Ace."  says 
Mr.  Su  John,  "had  au  extremely  aiiti4ue(uid  dilapidated  tpptvuiice;  and. 
if  mucli  used,  would  undoubtedly  inLl  to  pieci?»."'>  We  are  told  that  a 
ipore  striking  picture  uf  rude  and  imperfect  mecbiuiism  could  scarcely  be 
conceived :  and  it  is  not  improbable,  iiiat  the  '  Egyptian  Wheel'  as  on  am- 
Uem  of  imatvl-iittif,  had  rcforecioe  to  its  dofoclive  construetMO  and  ouo- 
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lUnt  U&bilitT  to  drmngcmenl,  iis  much  in  aa  to  its  mtAry  niovRment.  Nor 
u  it  11k«ly  tfmt  they  wsre  mtirh  .mperior  «r  any  lima  m  Judea,  for  the 
Jews  never  cohiTtted  the  arts  to  anv  ftxient.  The  mpchanirs  nmong 
them  when  they  left  Egypt  wflre  profably  more  imroeroiis  anj  expert 
thui  daring  «iy  stAseqn^^ni  period  of  their  history.  In  the  flievemh  cen- 
tury B.  O.  when  Saul  began  tn  reign,  there  wbr  not  a  blacksmith  in  the 
load,  or  one  that  could  forge  iron ;  they  had  been  carried  off  by  the  Phi- 1 
Iblines ;  and  although  David  at  hU  death  Irfl  numerous  artificerB,  when  hi* 
aon  baill  the  temple  and  hU  own  pdacn,  he  obtained  mechuiiee  from  Tvrk. 
It  in  moreover  possible  that  ihc  plaints  and  moanings  incident  to  old 
age.  'when  the  grasshopper  ahall  be  a  burden  and  deaire  abolI  fail,*  were 
aI>o  intended  to  be  pointed  out  by  the  perpetual  creaking  of  these  ricke^ 
ntacbineB,  as  indicauve  of  approaching  dissolution.  The  harsh  noiae  they 
make  haa  been  noticed  by  several  travelers.  Sl  John  speaks  of  the  creak- 
ing Mund  of  the  water  wheels ;  and  Stephens,  in  his  '  Incidents  of  Travel,* 
ooMrvea.  "  it  was  moonlight,  and  the  creaking  of  the  walor  wheels  cm 
the  banks,  (of  the  Nile)  sounded  like  the  moaning  spirit  of  on  ancient 
Egypuan." 


OM  TltB  BKaiNB  THAT  ELAI8BD  WATER  FtlOH  THE  BCrURATBa  TO  StTPPLX  TUB 
DANOINO  CAllUF.KS  AT  BABVI.ON. 

There  is  a  machine  noticed  by  ancient  uulhors,  which  probably  belongs 
to  this  part  of  our  subject,  and  it  is  by  far  the  most  intwresling  hydraulic 
etigiite  mentioned  in  history.  Some  circumstancas  connected  with  it.  are 
also  wonhy  of  notice.  It  was  conetnicted  and  used  in  the  mtwt  ancient 
and  tnost  sptetidid  city  of  the  postdiluvian  world;  a  city  which  according 
to  tradition  existed  like  Jonpa,  before  the  deluge:  v'tz.  BABVLOK-^a  crtj 
genentlly  allowed  to  have  neon  founded  by  the  builders  of  Babel;  subse- 
quently enhirged  hy  Nimrod;  extended  and  beautiBcd  bv  Semiramu; 
and  wnich  reachral  its  acme  of  unrivaled  splendor  under  Nebuchiulneitxar. 
The  eneine  which  raised  die  water  of  tW-  Kuphruies  to  the  top  of  the 
walls  of  this  city,  to  supply  the  pciuiile  or  hanging  gardens,  greatly  ex- 
ceeded in  the  perpendicular  height  lu  which  the  water  was  elevated  by  it, 
the  tiUMt  famous  hydraulic  niacliiiKTy  of  modern  ages  ;  and  Hku  most  of 
the  works  of  the  remote  ancients,  it  appears  lu  have  borne  the  impress  of 
those  mighty  intellect»,  who  never  suffered  any  physical  impedlDieot  lo 
interfere  witli  the  accomphshtnetit  of  their  deisigus  ;  und  many  of  wboto 
works  almost  induce  us  lu  believe  ihut  m'.-t]  *  were  giants  iti  tliose  days.' 
The  wallsof  Babylon,  according  to  Hcrudutus,  i,  17S.  were  350  feel  high! 
DiodoruB  Siculus  and  others  tnako  them  much  Ii-hs;  but  tlte  descriptioos 
of  them  by  thu  latter,  it  is  alleged,  were  auplicalile  only,  after  the  Per- 
sians under  Darius  Hystasues  rvtuok  die  city  upon  its  revolt,  end  demo- 
lished, or  rather  reduced  tlieir  height  to  about  50  cubiu  ;  wherea*  the  fa* 
th«r  of  history  gives  iheir  original  elevutioii,  und  incredible  as  It  may  ap' 
pear,  his  statement  is  believed  to  be  correct.  He  is  the  oldest  author 
who  has  described  them;  and  ho  viiiif<i  Babylon  within  one  hundred  and 
twenty  years  of  NebuchadiiezAar's  death;  and  four  hundred  Wfore  Dio- 
dunis  fluurished.  He  has  rocotdt'd  the  impressions  which  at  that  timi;, 
tiic  L'ity  nude  on  his  iniitd.  in  tlie  following  words,  "  its  internal  beauty 
and  magnlficetice exceed  whatever  has  come  within  my  kiiowledife;'*  and 
Hvn.>di.>tUH.  it  must  be  remembered,  was  well  acquainted  with  the  splen- 
did citiei*  of  Egypt  and  the  east.  Had  not  the  pyramids  of  Geezer,  the 
tetoptes  and  lombs  of  Thebes  and  Kaiiiac,  the  artjiic'ial  inkei  and  cvtuiia 
^  Egypt,  th0  wmJl  of  China,  the  caves  of  EUora.  and  Ele^Awnta,  <■«. 
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Mtomo  down  to  tutr  timnj  ilcanriptiona  of  thcni  by  nncicnt  ftuthon,  wnu 
have  hevii  duvoiud  (.'xtrava^nnt  or  ialiulous,  nnd  tncir  dimcnatons  r^dnt 
lo  uuiinilaltr  ihuiii  with  tlii*  wurUs  ui'  mudcra  limes:  so  jtron^lv  irv 
Wa  tncliiiL-d  lo  di-'prL-ciiitu  the  l&burd  ul'  Uic  nncienu,  whcnerer 
gromtly  cxcul  uur  uwn,  Auciirding  lo  Uurojitie,  who  U  quou.-d  by  Joi 
phuB,  Atiiiq,  X,  11,  It  wii.'i  Ni^'fiucludnuzzar  who  coaBLnicii^d  these  gkndei 
»o  ihm  Utt:  prophc-L  Dutiict  must  liavu  wiincssed  Lht'ir  pn-Rtioti,  uid 
that  of  lli«  liydruutu;  vn^iii; ;  for  lii^  wiui  u  youii^  uian  wfatrii  taken  i  cap- 
livu  lo  Itntiylon  jii  ihi:  iH-giiuiiag  uf  Ncbuc:}uidtH.-2B«r's  reign,  uid  he  con- 
tinued ihcro  till  ihi;  df-utb  of  that  monirvh  and  of  h»  succftssor.  Amybs, 
tbo  ■Wife  of  Nuhiichadni.-zziu',  waa  a  Mod*;,  and  mx  Babylun  was  sitaat«d 
on  an  extonHivL'  plain,  ehu  very  son«ibly  liili  ifao  loss  of  iho  bills  and 
woods  of  h«r  nativv  land.  To  supply  tIils  luiu  in  uunu  dagrcc,  these  &■ 
mous  cardcna.  in  which  largf  torovt  Ireus  wL-m  culliralud,  were  eai- 
Hroctea.  Thty  t?xU'n(lud  in  tiirrutos  (bmwd  one  abovu  another  to  the 
top  of  llio  city  walls,  and  lu  supply  thum  with  iIir  nucvsHary  rooi^ture, 
thu  engine  in  qufulioii  wu^  erected.* 

As  no  account  of  ihi-  nuiure  of  this  nifichine  baa  been  preserved,  wa 
are  li-ft  lo  conjecture  ibe  pnnciplu  ufHin  which  it  was  cnneti-ueted,  from 
thu  only  datum  allurdvd,  viz;  tiiu  height  lu  which  it  raisiod  the  water. 
Wo  can  easily  coiR'cive  bow  M'uter  couid  have  been  supplied  to  ihc  npper- 
moflt  of  the&u  gardens  by  a  arrioi  of  machim-s,  as  now  practised  io  the  eaM 
to  carry  water  over  the  nigheii  elevaiions^^but  this  is  always  mentiooed 
u  a  Mmglr  cn^ne.  not  a  scries  of  dieui.  Had  its  location  been  dciertnu 
ed,  that  circumstaneu  alone,  would  have  aided  inalvrially  in  the  inves 
gHtion ;  but  wu  do  not  certainly  know  whether  il  w»a  placed  on  tha  bight 
lerraoo — on  a  level  with  the  Kupbrates — or  at  smjoic  interniediutc  elevaiic 
The  authors  of  liut  Univenal  lliAtury  eecnnrk,  "  upon  the  vj/pernuat  of  thci 
terrace*  was  a  re»ervoir,  supplied  l»y  a  certain  engine,  Cram  wht'i>co  tl 
gardens  on  ibe  other  terrace*  were  supplied."  They  do  not  say  where  il 
engine  itself  wua  located.  Itollin  places  tt  on  the  highest  part  of  ih« 
dens  :  "  In  the  upper  terrace  lliere  was  an  engine  or  kijld  of  pump  bjT 
which  the  water  was  dra\s-n  up." 

The  atatjeineul  of  an  engine  having  lieen  erected  at  the  top  is  probably 
correct,  for  we  are  not  aware  that  tlie  ancient*  at  that  period  poiuwsiea 
any  machine  which,  like  the  ibrcing  nump,  projected  water  above  iUtlf^ 
Ancient  machines,  (and  every  one  which  we  tiave  yet  ex&niiiied,  is  an  eXr 
ample.)  did  not  raise  waler  higlter  than  their  own  levej.  But  if  sueking 
BJid  forcing  pumps  were  then  known  and  used  in  Bahylnn,  a  period  howev- 
er, anterior  to  tbot  of  their  alleged  iaventioii,  of  at  leant  500  years,  still  if 
ihis  engine  was  placed  on  the  uppermost  terrace,  botli  would  have  beeo 
wholly  inapplicable.  If  therefore  we  incline  to  the  opinion  that  this  en* 
gine  was  a  RKxIifiration  of  one  of  those  ancient  machines,  whicli  we  bav« 
alreadVr examined ;  we  are  not  led  lo  lliis  conclusion  by  .lupposinii;  th« 
stale  oT  the  arts  in  Babylon  at  the  period  of  its  cciustructioo,  lo  have 
been  too  crude  uiwl  imperfect  to  admit  of  more  complex  or   philosophical 

■  Painiinci  found  in  Pi>iiipeii,  nprawat  Villas  of  two  storiw  baviac  mas  {ifawtcal  dq 
tlMir  roorj.  TlH^r  iind  of  irnrdrn*  tctn-  fHkMf  not  very  uKomtniH  in  aiiaaat 
Mill*  III  iIk'  'iimI.  thniijtli  niinr  pfrl^4p•  evrr  equiM  thiwe  af  Bab^ton.  Thejr  luva 
limn  raiiliiiiiPil  tn  OHxIcrn  *inM-B  in  Ann.  TavwiaW,  whnn  in  B>KNa|ta(  (ill*  mad* — 
ll<lil«tn)iuf  I  iW  capiUiJ  III  (.■wtFOinIn,  fonnij  Uio  looft  of  tlw  lar^<>  loiitlii  at  tlw  paii 
Irrri'-rrl  ni<t'  riiirliniinir  i:lM'-nt.  iti  Mlm-)i  vriin  lrf*i  "T  nicli   ■iniiii-lav  aiice   "  lliaf    M  i 

<i<;tie«  •JiuiiM  bcu  *v  THii  a  limilra."     Tito  attfU,^ 
IO  tJist  ofilM  B«b7laniaB  xinlGw.    Tb«  Kiof 

Uiv  iiiijKiuiii.il  ..i  :\-'x,-".  "<!■  "i  if  wivM.  fiwndad  tli«  ttltj  anH  nntncd  ii  oTUr 

Ili|f»aywr    «  •;  "llM^DnlcJuor^iacar," 
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appmntu*— OB  Uie  conirvv,  we  know  Uial  ibe  BabylonianB  carried  many 
of  iW  arts  [o  Uie  highest  uegree  of  rHtnoinenL  "  They  vrvrv  gruat  con- 
inver»."  in  iliis  respect,  «ud  "  fell  «bon  of  no  one  Daticm  uiiJt>r  the  sun, 
Ml  far  frotn  it,  that  they  in  a  great  njeasure  showed  the  way  to  rrery  na- 
tion besides."  L'niver.  Hin.  Vol,  t,  it'SJ.  Besides,  it  is  cvrtuinly  more 
philosophical  to  supfwse  this  fdiiiuus  engine  to  have  been  a  nuidiiication 
of  some  machine,  u'bich  we  iiave  reason  to  believe  ^vas  uted  in  Chuldi'a  at 
tbal  time,  and  capable  of  producing  the  results  ascribed  to  thir  ilabylonian 
eagipe,  than  of  any  otber  of  winch  thai  people  jxjs^ibly  knew  nothing. 

Of  all  ancient  machines,  the  cm.iin  wk  puts  was  certainly  ihv  bi'st  adapt- 
ed for  the  purpoHe,  anij  if  we  mistake  not,  the  unly  oni'  tltat  could,  witli 
any  regard  to  permanency  and  ofiect,  have  bwn  adopted-  ft  sUuids,  and 
JQStly  so,  at  the  b(.-ad  of  aJl  ancient  enjrJJies  for  raising  water  through  grent 
elevations ;  and  it  may  be  doubled  wheiher  any  marliiuv  could  tiuw  b« 
prwluced  brUrr  aiittfi/rd  for  the  hanging  gardens  nf  liabylon— «ith«r  in  the 
economy  and  simplicity  of  its  const i-ucl io n ;  dumhiliTy  and  eflect;  or  be 
Irss  liable  tu  derantremunl,  less  vxjtensivr,  or  Less  ditliciill  inr  urdinary 
p«'opI«r  to  rfpair.  Tlw  prrypct  of  raising  xvator  (hrcnigh  a  ptirpi^iidiciilar 
rlvviUHin,  oxcwding  tbrrw  hiindrrd  ftvt,  in  numBrow*  vtrsscU  attached  to 
an  cridlrKc  chain,  would  probably  Ktarlle  itiosl  uf  our  nit^huiiiriiuw ;  and 
•<>nH>  mi;;ht  «up|K»i*  that  iht^  wn/fht  of  so  long  a  chuin,  if  madn  of  irvK, 
would  overccirne  llie  tenacity  of  the  mrtal  ;  but  almost  all  llie  works  of 
tb^  n;moti!  )ui(^i4fi)t!>  imrtook  nf  ilit-  same  lH)ld  featurKH.  Magnitude  in  sotna 
uf  tlwir  MACHtNRN,  la  a«  surprtMng  nm  in  other  departments  i>f  tlielr  labors. 
Thtiir  on^iii«era  snem  to  havM  ciirritid  it  to  an  oxCent  lliat  in  m>odern  days, 
nrould  lie  cnnaidered  as  verging  on  tlie  limits  of  the  natural  properties  of 
materials. 

That  the  chain  t<f  pots  was  die  Biandard  machine  for  raising  watEir  in 
guaniUienjTom  great  (Icpf Ai  would  appear  from  Vilruvius,  sinue  it  ie  the 
only  one  adapted  for  that  purpose  which  he  has  described,  except  (he 
"maefainc  of  Ctcsibius;"  and  us  hu  pnilL'saes  to  give  aji  account  of  the 
•*  various  machiiws  for  raising  water,"  and  bis  protcssioa  us  a  civil  engi- 
neer would  nucussarily  render  him  raiiiiliar  with  the  6cil  of  tMm,  it  ii 
eJcftr  that  he  was  ignorant  of  any  other  having  bPen  ui  pn-viDUB  use. 
That  tbe  engine  at  Babylon  was  no  otiivr  than  ihc  chain  of  p<ju,  may  be 
iofirrrcd  from  the  employment  of  the  latter  in  Juvc-ph'a  well,  where  it 
rais^l  water  to  an  elevation  H'eurly  e<^ual  u>  that  ascribed  tu  tbe  Airmcr; 
ftnd  if  the  *ubj«ct  were  of  sulliciunt  intJ-reel,  wc-  think  a  connuctiun  might 
be  traced  between  them,  if  Josepli'it  well  he,  as  ouppused,  a  reiic  of  Egypt- 
ian Babylon.  Boili  Egypt  and  Chaldea  were  i^ubject  to  the  Kuine  niunarcb 
at  the  lime  that  city  was  built.  Tweniv  two  or  tlirce  years  only  had  elapsed 
after  Nebuchadnezzar's  death  wlien  Cyrus  took  Babvlon.  luid  with  it  ifao 
eni[iire ;  and  nine  years  after  lie  was  succeeded  by  his  son  Cambyses,  wlio 
when  in  Egypt,  it  is  alleged,  founded  a  city  on  the  site  of  modern  Cairo, 
and  named  it  after  old  Babylon  Cambyses  reigned  seven  years  uikI  five 
months.  If,  therelbre,  the  Babylonian  machine  was  sup4>nor  to  the  'chain 
of  pots,'  (and  it  must  have  been,  if  it  differed  at  all  from  the  Utter,  for 
olfaerwise  it  would  not  have  been  selected,}  then  it  would,  mo  think,  as  a 
matter  of  course,  have  been  adopted  also  in  .losepb's  well,  in  winch  ibe 
water  was  required  to  be  elevated  to  about  tbe  same  height  as  m  tJie 
hanipntr  Hardens.  Besides,  if  it  possesseJ  peculiar  advantages,  it  would 
rrrtsinly  have  been  j>rtsrn-fd.  in  UJie,  as  well  a*  the  chain  of  pots,  for  the 
wpjilth,  comfort,  and  even  existence  of  tbe  people  of  the  east,  have  at  all 
time*  depended  too  much  upon  such  machines  to  Bufler  &d\  v«\u«)qW  ooa 
to  he  foM. 
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Bgt  WW  the  chain  of  tb»  mitchine  fonnml  of  motBl,  or  of  n>p«*t  Of 
the  latter  we  have  no  doubt.  Thvyare  gvoendljr  niiu)«  of  flaucor  fioimof  tW 
palm  tree  ut  ttip  prptwnt  day  o^or  nil  ttiv  cast.  In  p'vat  rlwatuinj,  okain* 
of  roti«  pftweM  imfKirfant  (ulvantagtfs  ovlt  tliu««  uT  metal,  in  their  aupo- 
rior  ligninuM,  biding  Cret'  rn>m  corroKion,  ami  tlic  tur.-ility  iif  rrjiairini;  thrni. 
But  by  fiir  tho  niont  iiitKn-stiiig  iimbivm  uoimactrti  with  rbe  Babytonnii 
VDgitie  is.  wa»  th«  walfr  <>!'  tlm  Kiiplitutes  raised  liv  it  la  the  highnd  it'r* 
ncv  st  a  Mi^nLR  I  ii^T  I  [f  we  bad  not  Limfii  iiifonnud  aTuati  resnrvuir  tmlVt 
on  the  upjM^r  termce  "  froni  wbei^ce  iIm!  ^unjuiia  oii  tJie  otliera  were  wat«i^ 
«d,"  we  atiuuld  have  •uppiJMid  l\m  walsr  really  nu>ied  a*  in  Juaeph's  well, 
i.  e.  by  two,  or  even  mure  M-inrate  cbaiiiK;  and  as  it  ia,  we  canoof  Iwlicw 
that  so  ingeninua  a  [leuple  as  the  Babylonians  would  raise  tlte  wbule  of 
the  water  which  the  gardens  re<]uir£d  to  the  uiipertnoit  terrace,  wIipdiIw 
grextlttt  portitm  of  it  was  not  wanted  haCf  so  bif^.  Aa  ih*  size  of  lb«  tet^ 
faces  diminished  aslliey  a|>proachedlbelopof  the  walla,  it  is  pmbabte  ' 
lull  two  thlrda  of  ihe  water  was  coti^umed  within  one  hundrtxl  feet  of  1 
grour  I.  Wo  therefore  conclude  that  tliis  taniaus  engine  waa  compc 
of  at  least  two,  and  probably  more,  separate  chains  of  pots;  and  oven 
it  might  with  as  much  propriety,  be  noticed  by  ancient  authora  as  a  a 
muchitic,  as  thut  a)  Cairo  still  is,  by  all  modern  trarclera.  WibkvlBftB 
Mys,  the  famous  g^ardcna  at  Babylon  had  canals,  some  of  "  which  weie 
supplied  by  pumps  and  other  engines."  And  Kirchrr  in  his  Turrit  PtiM. 
1679,  reprcfeou  fountains  and  jrts  d'tiau  on  every  terraoc. 


Ka.  i'.    Haps  taSfb 

Tl»er«  ts  anotbnr  device  that   belongs  to  tkts  ebtiptor      Every  jieraob 
knows,  that  wl>en<  wat«r  is  dlaneraed  over  ealended  surfaces, and  of  tno  till>- 
iud  depth  to  allow  lb>^  iiNt-  ora  vessel  tu   scoop  it  up,   various  suhaianeei 
are  eniploycil  to  ainurb  il,  ss  .t|>ongeantl  woolen  rags,  and  from  which  iti 
•PparaU'd  by  [treaawre.     A  buuseinaid,  whr-n  waaliing  a  door,  thus  colle 
in  a  cloth   the  liquid  dispened    in  the  purifying  process;   and  by  wni>j 
itig  returns  it  to  the  v*as«l.     The  proceas  is  miMtaiitiully  the  saioe  as  tl: 
aatmtutt  til  nine  watfr  in  Vcra'a  Rope  Viimn.     S«e  No.  51. 

Tjii^  ta»cbiBe  conaists  of  one  or  more  ctkdVeu  ropeit.  toctuui.  a)k 
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tmn  wi>ot  nr  hana  hur,  and  Mretebecl  on  two  pulley*  like  the  eoclle<s 
csiin  nf  f>oU.  Tli(--Hd  pulley*  have  grooves  IbroKKl  on  ttieir  surikcea  for 
Um  I  ■  i  af  ihe  ropeo.     Oue  of  Lli(>in  is  placed  over  the  moutli  of  ■. 

«'  riiber  suspended  in  or  secured  to  (he  boiiuni.     A  rapid   mo* 

ton  u  I  led  to  the  upper   pulW',  by  a   nmliipiying  wheel,  and 

ilw  MCi-i  i»f  cacl)  rope  liiou  camea  up  iW  water  al>»urbed  l-y  it; 

Vul  whicii  u  M!iMrn(ed  from  it  when  parsing  owr  the  up|tcr  pulley,  partly 
by  Muirifuj^  UircR,  and  parOy  by  being  squeezed  in  the  deep  groove,  or 
by  («uing  dirougti  a  tube  as  shown  in  the  tigurti.  In  the  beginmng  of 
die  muuon.  the  coluinn  of  'jvatcr  adhering  lo  tho  rope,  is  altvays  less  tbaa 
wboi  it  has  beeu  -urorked  ibr  some  time,  and  continues  to  inoreaae  till  tba 
mrraaudtng  air  partakes  of  its  motion.  By  the  utmost  efibrls  of  a  man, 
niiiF  gallons  of  waler  u*om  raised  by  one  of  these  machines  from  a  well, 
nuMjr-fire  feet  deep,  in  one  minute.     Adam's  Philos.  Vol.  Jii,  494. 

The  btorahlio  belt  is  a  similar  contrivance.  It  is  an  endless  double 
baadoF  woolen  cloth,  paaaing  over  two  rollers,  as  in  figure  fi7.  It  is  driven 
«vitli  a  velocity  of  not  le«s  than  a  thousand  iee(  per  minute  ;  when  the  water 
orMitiiDed  between  the  two  surfaceB  is  carried  up  and  discharged  as  it  passes 
over  the  upper  roller,  by  the  pressure  of  the  band.  Sonw  macJiines  of 
this  kind  are  stated  to  havir  produced  an  efiect  e(|ual  to  sereDtv-five  per 
c«*«it.  of  the  power  expended,  while  that  of  ordinary  pumps  seldom  ex- 
=^t«d*  sixty  per  cent.     See  Lou.  Mechau.  Mag.  VoL  xxix,  page  431. 


CHAPTER   XVI. 

^iBcave — As  wt^tsd  diwioc — VMiownadMiof  oaaKrattisfli — &oB4a  Suwv— <Mi<*  re.u»csM4 

I  Ust>  Ekflsaj  Ann  Carmia^.-^amfaliiMlaB  of  MVeral  la  nli*  WBln  lu  imu  iil»T»Ha»»   . 

I  of  WattititMrS  pMiHiulMut  tahlhc  lo  ll.  uxeniiiliBcJ  lij  U.  Pkii»— AbcdI  d(  wkiir  ia  il 

-  .7  MSmlmNl   iBai^kaH*— Ih  hUMry— Nm  laTaaKd  by  ArnhliuMlu*— JtvpjKard  lo  liiva  bmn  la 

[T^tf  •••  ■■  ErrPI-'VUiaViw  mUsI  rMpHtinf  Its  auUisi— Ccada  II*  loTenlur  u>  [v-laieiilnr— Tbu  pht 

*^*lrtw  tmmavM Ch  fcu  lUiMty  of  PMlnnf  aad  bvaaita — DlniKtalBi  itm  uvtalocl — Mmpi'miuBotMiliJ- 

^*  Wtiittf  WlbMI  w|if  rt    TW  Mr**  Ml  •Uritaud  b>  AnbioudN  UD  »ttn  liu  il«U> — InreeUoa* 

^^  (»«  M  Mkan  ihM  iMr  •>tl>of^-4cr«<»  u*il  ■■  tUp  puiwp*  br  tbt  <it*«b>~FUiur*n  tlks 

I  oBrb  feunil  amaaf  nas  bf  (eic<ie»— DrdmUoaa  of  Buiopf  an  *rllFti  nftpn  ljlM|ilM<Bioa»— 
'  uitii  utd  JtitiAciivii*— TtMif  MnptiDo*  aa<F<Mhy  of  i>hilo<opIior»— KvU  lnflatongf  <cl«a- 
I  ■■  •ici'^iMf  tktm  "nwii  dduUBcialiaD  ■  pnot  of  Ilia  viadan  utd  liniirnf  llw  rramirt  of  lb* 
*  a.C*Hamalnii— Thaw  exUwiMn  ta  eiira|i>  ilHlnU* — riiin.  SDltia,  *jirl  9<kt*I«— Omrfv  10— 
Vmttv  IV— Jmbu  W*IW- ArM«-0«M»l(>iWia  of  llw  ■Rrncutiu,'  a  Atp  biUl  bf  ArtUttHM,  It 
*IIA  tW  S**«*  rwsp  *M  hmA 

Tmt  CoriitEON  or  Egittun  Screw,  the  machine  -next  described  by 
Vkravius,  is.  in  every  respect,  the  most  oriipnal  one  of  which  he  has  giv> 
innt.  Unlike  tlie  preceding,  which  nppcar  to  have  been  in  a 
sum  deduced  from  each  other,  it  forma  a  species  of  itself;  and 
nrtioever  was  its  inventor,  he  has  left  in  it  a  proof  of  his  ffcnius,  and  a 
kstiiig  monument  of  his  skill.  If  ifbo  not  the  eoriiesi  hydraulic  engine 
tjiar  was  crouiiiowd  of  fvftrs,  at  in  the  construction  of  which  they  were  in- 
m>dured.  it  ci-rtainJy  is  tlie  nidest  one  known  of  that  dcserintion ;  and  CB 
ita  mode  nl*  oiicrarion  it  differs  essentially  from  all  other  ancient  tube  nui 
A:   '  '  i*t.-r  tlic  tubus  merely  serve  as  conduits  for  the  ascending 

•Tk-  are  at  rest;  wbde  in  the  screw  itia  the  tuties  theiflsnires 

in  skiluju  UiBt  .-aJBC*  tJio  liquid. 
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This  macbino  has  been  constructed  id  a  variety  of  ways.     Soaetunoi 
by  winding,  in  the  manner  nt*  a   :«crcw,   one   or  more  llexil>le  inbn 

(gonerally  of  lead  or  strong  lealfe- 
or)  round  a  cylinder  of  wood  or 
iron.  This  cylindtir  is  austaiml 
by  gudgoons  in  such  a  poiitiaii, 
that  at  whatever  angle  with  iIn 
horizon  it  is  US4.>d,  the  plane  of 
the  helix  tnuHt  ulways  l>u  indinod 
to  its  axis  at  a  greater  angle  ;  olh> 
crwisi)  no  water  ix)iild  be  nuaed 
by  H  any  more  tlmn  by  turoiog 
it  in  the  wrong  direction.  The 
lower  end  being  tnjmcr»ed  in  wa- 
ter, the  Ii<]uid  ciiterd  the  lube  and 
is  grmdually  raised  by  each  revo. 
Iiition  until  it  ix  discharged  aboira. 
TheM!  machines  are  commonly 
ased  at  an  inclination  to  the  bon> 
son  of  about  45',  although  ilwy 
sometimes  an.>  placed  at  60*.  See 
liie  figure. 

lasUad  of  tubes  wound  rooad 


a  cylinder,  large  grooves  were  sometimes  formed  in  the  latter  and  cover- 
ed by  boards  pr  sheeu  of  metui,  closely  nailed  to  the  surfaces  between 
the  grooves — so  ilial  the  latter  might  be  considered  as  tubes  sunk  into 
the  oylioder,  instead  of  being  Iblded  round  its  exterior. 


Ko.  V9.  Banu  Srrcw. 
Another  mode  wns  to  make  tlie  lhn?adii  of  plank,  arranjpsd  as  a 
rouixl  n  aniid  rylindrr,  which  wss  fillml  nith  jniimalu,  and  tnadc  In 
revolve  in  a^j'n/ hollow  cylinder  of  ihe  name  length ;  the  edg^d  or 
tremttips  of  ihc  thread*  nibbing  against  ihe  tides  of  tht<  latlnr,  and  cc 
S(^c)»(-nl1y  producing  the  samr  efffcl  Bf  No.  58.  This  modifimtion  rif  ih^ 
C(>chl«<in  is  known  as  the  Oerman  Snail.  It  hn*  ihia  lulvaniagi*.  that  it 
may  ho  worked  in  an  npen  channel,  or  half  a  cyliodrr  innleiul  nf  a  wl 
orw,  since  it  ■■  only  the  lower  half  of  the  Uiirr,  tlmi  iit  rvMontinl  to 
iho  OMratinn  of  raiting  water.  Machines  of  ihin  kind  of  Urge  di 
sions  nave  long  been  employvd   by  the    Dtitrh,  and  are  generally  drii 
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by  windmills.  Bot  the  outer  cylinder  is  more  generally  fixed  to  Uie 
vd^esi  oi  [fan  liclix,  and  turned  with  it.  ll  was  made  in  this  manner  by 
the  ancient  Koniaos  :  the  outer  cylinder  or  cobo  was  of  plank,  well  joint- 
ed together,  and  nailed  to  the  edges  uf  tbo  screw,  and  the  whole  cemented 
with  pitch,  and  bound  together  by  iron  hoops.  It  was  moved  like  the 
noria,  itJC.  "  by  iho  walking  of  men."  Vitruvius,  H.  x.  Chap.  11.  See 
No.  59. 

The  acniw  as  represented  in  the  preceding  figure«,  has  never  been  loct 
to  the  world  «inre  it«  tnvenliun,  although  it  litis  fong  been  unknown  in  that 
country  in  which  it  was  devised — ^gypt-  It  appears  warly  in  printed 
books.  In  \lw  fintGemtun  ediuon  of  Vegvliiis,  (1^11)  it  is  figured,  and. 
nearly  in  a  vertical  pi»>ilion,  A  laborer  with  a  feather  in  bis  cap,  and  a 
•word  al  his  mde,  ui  statttl  across  the  tup  of  tho  frame,  and  turns  it  by  a 
crank.* 

Likr  almost  wery  other  hydraulic  (Engine,  the  screw  has  often  been 
re-invtuilcd.  Cardan  mentiDneu  blacksmilh  nf  Milan,  who  ijiiagining  him- 
self it»  ongicial  inventor,  "fur  juy,  ran  out  of  hie  wils,"  and  tlit;  writer 
rvcoltccis  when  a  Iwy,  hearing  of  an  ingeniout)  ehoeniuk^r  m  much  (he 
pnrdicAJnenl.  It  appcani  to  huvi;  ^Hten.  like  other  machines  fur  tbo 
purp^ive,  intnKlucet]  inlu  Englami  from  Germany.  "  The  Holland* 
era.  (mvh  Swiizer,)  have  long  agu,  &*  *vnw  books  that  I  Iiave  hwu  of 
tbatrs  of  fortif>cii[ion  tiilimate,  usM  tlujm  in  draining  t}ieir  moramy  and 
ienny  ground, _/Vont  icAexcr  they  iiave  been  brtmght  into  Englatui;  ana  used 
Jn  the  fenK  of  Lincotti«hire,  Cambridgeshire  and  otlier  low  countries. 
Those  of  the  smallest  kind  lluil  arn  wtirktrd  liy  mi?n  have  only  an  iron 
handle,  a*  a  grindxtune  lun;  but  llie  largfitt  tlinL  anu  wrought  by  horses, 
have  a  wh^el  hki-  llio  (ii^AvbKel  of  a  hontf  iiiill.  This  engine,  (he  con- 
tinues,) which  laki^H  hold  uf  ihi!  water,  us  a  cork  »L-rew  does  a  cork,  will 
thnw  up  water  us  fast  lui  au  ovurshut  wheel,  whurvby  in  u  short  tixiie,  an 
tnBnite  number  oi  water  may  be  thrown  up;  aiid  1  remember  when  the 
fDondation  of  ihe  eiutely  bridge  uf  ISlcn/wim  wuii  laid,  we  hud  some  of 
them  used  willi  ^rcut  euucess;  mui  thvy  arc  also  used  in  ilif  ^'ew  liiver 
Works,  about  Atwiitry,  Bfrk4hirt,  and  eaid  lo  bu  ibe  cuntrivancc  of  a 
common  soldier,  who  brought  the  iuvuiiiion  out  uf  Flanders."  Hydros- 
tatics, 396.  29S. 

When  employed  to  miee  water  to  great  elevations,  a  series  of  two, 
threo,  or  more,  one  above  anutlier.  have  been  ciujiluyed  ;  iliu  lower  one 
discharging  its  cuiiteuls  intu  &  boAin,  in  which  tlie  inferior  end  of  the  next 
above  is  immcnvd,  lliu  whole  being  coniincied  by  cog  wheels.  Thus  an 
vid  author  ubservefi,  "  you  may  raise  water  to  any  height  in  u  iiurruw  place, 
vit.  withm  a  tower  to  llie  lop  thereof,  as  we  have  Known  done  at  ..^it- 
giuia,  in  Germuny  ;  to  vvil,  if  ihc  spiral  pipi's  be  mulliplied,  to  tJiat  the 
waur  being  laiwd  bv  the  lower  spiral,  and  beuig  poured  out  into  some  re- 
ceptacle or  eislern  ;  hence,  it  may  be  raised  higher  again  by  snijtber  spiral, 
•uu  so  successively  by  more  spirals,  as  high  as  you  pleaite,  all  wiiicb  spir- 
als may  be  uiuv^d  by  oiiv  power,  vu.  by  the  w&ter  of  a  river  underneath, 
or  by  auotlier  aniutaled  power."      Muxoii. 

It  n-as  one  uf  the  ubjvclH  of  die  Marquis  of  Woi-cpsier,  and  his  '  unpa- 
r«Uckd  workman,  Caspar  KaliofT,'  to  avoid  the  necessity  of  lIius  combia- 

■  Wkclhrf  tWMg  was  the  URual  |iOKitioii  of  Fnrcipitnn  leborent  nnd  mcrhsnics  when 
■1  <*«rk,  in  t)iF  middlL'  aj^ra.  wr  knuw  not ;  biil  Cfttuhdc-n  tin*  n  rfinuirk  uhieli  inliuiate* 
tk«t  All  f^BfflidttarchiiBu-Ji  lind  nol  in  hi>  lime  iJuiikIoiu-iI  llii*  utiniial  ruitnm  In  con- 
dntliiir  til*  IdiiK  lu^'ouut  of  "  lltv  Siateannd  Di^^reerofKnglnnd."  rroiti  kingo,  jirincp*, 
dskca.  lord-.  kiiij()iui.  itc.he  conliiiucf,  ''bsily,  L-raAsateo, tviizuiiii  ur  workitwu  :  b«Uwy 
iku  Isber  for  hire,  and  namely,  sodi  ss  sit  of  tevrt^  mwAmictu  mt\fiart,  mitS»,  em> 
pmlm."lrc 
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tng  s  number  of  (lumt  loecther,  u  appears  frnm  iho  fifty-thinl  propnoiiDe 
tn  the  *  century-  oC  invonuons,'  "  A  wnv  Wir  to  make  hollow  aiid  cater 
a  water  Krow.  tm  "  Iti^  and  m  t«ng  as  one  pIcasiMh,  in  an  easy  aod 
way."  How,  and  of  whAt  tnatrhftla  h«  m&du  tliis,  19  not  known. 
fifty-fiftii  proposition,  in  the  I'oltowing  words,  bas  been  fully  and  pm....- 
)y  avveloped  by  a  FrencJi  engineer,  "A  dmihU  wai«r  screw,  ilw*  inner- 
most  to  mount  the  water,  and  the  outermost  for  it  tu  descend.  moK  m 
numWr  of  threads,  and  comwqiiently  in  quantity  of  water,  thotigb  much 
ahorter  than  the  innermoat  aerew  by  which  the  water  asocndeth  ;  a  moal 
exiraordinnry  help  for  thn  tumtng  the  screw  to  make  the  water  riaa."  la 
1815,  M.  Paitu  publishetl  an  account  of  the  following  improveiDcnts,  bj 
which  the  ideas  of  Worcester  are  realized. 
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No.  60.  representa  two  separate  screws  formed  on  the  some  axis, 
of  which.  A,  IS  lung  and  narrow  and  serves  for  the  nucleus  of  C,  wl 
IB  much  wider  and  shorter.     This  is  designed  to  propel  the  former. 

threudsof  both  wind  round  ihcaxbinoppoeitedinwtM)na,iothaE  wbeni 

OD  one  mwar  U)  be  raovuig  upwards,  tnoeaon  the  other  seem  to  be  ginivi 
downwards.     The  water  from  the  stn-om  ^[,  is  directed  into  the  top  O' 
the  larcu  dcrew,  and  by  its  weight  {as  on  an  ovurahui  wheel)  put« 
whole  in  tnotioD,  and  eonsMfuontly  the  water  at  O.  in  which  the  Iowct  i 

of  A  ruvolvcw,  is  laisod  into  the  cimem  at  B.     No.  6X   ta  awruly  the      

machine  invertod.     h  illustrates  the  applications  to  such  tooadoiu  u  hW  ' 
a  short  fall  alwee  the  place  to  which  the  %s-uter  is  lo  bo  raised.     In    No 
the  small  screw  drives  the  large  oiie,  through  which  the  water  from 
loweat  level  is  raised  stifficicnily  high  10  be  diacbarged  at  an  ininr 
one.  u  at  G.     Froni  tbeae  Hguras  it  will  be  perceived  that  the  Mraw 
been  employed  like  the  nuriu  and  the  chain  of  poi«,  to  transmit  puMTrJ 

This  machine  was  funnei-ly  considered  &b  cxliibtiing  a  very  «itigl 
paradox,  viz.  that  the  water  "  ascended  by  descending.'  and  the  ruyso 

was,  how  both  these  operations  coutd  be  performed  at  the  samp  time,    

yet  produce  »d  Btmngc  a  reeoli.  It  was  remarked  tlmt  when  tlio^r  forv 
cd  of  elass,  were  put  tn  motion,  the  water  ran  dmn  the  under  tiidoof  < 
turn  of  the  tubes,  and  continued  thus  to  deaceivd  until  it  woa  dia  ~^ 
at  the  top !  The  whole  operation  and  the  vffiicis  hein^  vi&it 
seemed  00  room  for  dispute,  however  contraiy  to  arknowledL'i-'d  pr 
pies  the  whutc  might  appear.  The  caae  was  appafvndy  incxpiitablc.  I 
aeemnd  10  present  a  pumllel  one  to  that  of  the  asymtnte  ;  the  propp^ 
of  the  Uuur  being  ns  incapable  of  dcmunatnition  to  the  ttiua,  na  the 
poM^  operation  of  tliis  fDaAfaino  could  be  reconciled  itj  tliu  minJ.  In 
thi»  proposition,  lliattwo  gpomeirical  lines  may  continue  to  appmnch 
other  forpvcr,  wiiliout  tho  piMsibility  of  roming  in  ronlnct,  u  ajiparrvJift, 
(]uite  a>  iiflpowihie,  as  ihfit  water  Hiould  &sri?iid  an  inclined  plane,  by  th« 
mem  ttjiarctae  of  its  own  gravity.     But  the  idea  of  water  Ottrmdi^ 
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iUf«iiM(rr>  through  the  terew  wa3  altogctlioran  iltuaiou.    On  th«  contrm- 
rmly  niseilby  the  eonUnual  clrvntionof  thKt:  p«rtof  tlie  tube 
:iHltUrly  bcluml  tho  liquid,  and  which  nuAhea  it  up  in  r  inui- 
taaia^pyaa  to  lliU  reprvsentod  by  tlic  following  diagnun. 

Suppose  A  Y,  ili«  edge 

of  K  wide  strip  nf  cloth 

or  Uipe,*euurediit  both 

end!),  nt  lui  nn^Wt  with 

tbt!  Itorixau,  ut  r«pr^ 

itenled,  uid  upon  wliioh 

lliK    boy'*    rnurbte    or 

b&ll  at  P.  can  roll.     If 

If^B,  we  hold  t}>e  [ten  with 

which  we  arc  wribng 

..  jhillP*  between  P  T,  mad  raiw  that  part  uito  the  poaition  iudicttlttd 

•v'BldpMd  liuei;  the  ball  would  necessarily  be  puahed   forwurd  tu  E  ; 

<M  if  the  pen  were  then  drawn  towards  B  on  the  line  D  B,  the  ball  would 

■"  earned  ap  to  A,  and  uHthout  deviating  in  its  patli  from  the  line  ¥  A. 

If  A  V  were    the  under   side  of  a   flexible   pipe  or  guller,    containing 

^''Vnrat  E  in  place  of  the  ball,  il  is  obvious  that  it  would   aim  l>e   raiiea 

***  A,  in  a  bke  manner.     By  the  same  ptincipte  water  is  raised  in  ihe  screw, 

***^  We  may  add.  in  much  the  same  way,  tor  the  rotation  of  the  screw  ii 

"lO'vIv  another  mode  of  effecting  the  same  thing,  which  we  have  suppot- 

•"J  tobe  done  more  directly  by  the  pen,  i,  e.  by  producing*  continuu  ele- 

**tion  of  the  plane  immediately  behind  Uie  ball  or  the  water.     The  palli 

**•  Ae  Utter  through  a  acJ'ew  is  tiie  same  as  that  of  the   I»all,  white  the 

*^rves  assumed  by  the  tape,  as  in  the  dotted   lines,  represent  sections  of 

^^  helia,  and  the  lines  I)  6,  A  Y,  of  the  cyliuder  within  which  it  \a 


All  the  ancient  mechines  hitherto  examined,  have  come  down  &<om  pe- 
Hpdfi  soexCrcmoty  remote,  tliat  nut  a  single  circumstance  connected  with 
Uieir  nripn  or  their  authors  has  been  preserved.  The  screw  is  the  iirw 
■taachine  for  raisins'  water,  whc<»e  inventor,  or  alleged  inventor,  has  been 
twmcd  ;  and  ^Tt,  from  the  imperfect  and  mutilated  state  of  such  ancient 
wminga  that  incident»lly  nienuon  it,  and  the  loss  of  others  which  treated 
sedly  un  n,  the  i|aesUDn  of  its  origin  is  far  from  being  settled.  Al- 
it  IS  said  tu  have  been  invented  by  ArchimedeH  and  has  Innp  heen 
after  him,  there  are  circiunMances  which  render  it  probable  that 
□rus  Steulus  and  Atheneus  were  mistaken  when  they  attributed  it 
Id  tbe  f^reot  philoHopher  of  Syracuse.  Had  the  account  of  this  machine 
which  Archimedes  iiimself  wrote,  been  preserred,  there  wonld  have  been 
no  oocacion  I«  icaaon  on  its  origin  or  its  author ;  but  unfortuoalRly  this,  as 
well  as  his  descripbon  of  pneumatic  and  hydrostatic  engines,  "  concenttng 
which  be  wrote  some  books,"  are  among  those  that  hire  perished. 

There  is  no  reason  tn  believe  that  Archimede<i  himself  <<ver  claimed  iu 
btTfmtion:  and  his  countryman  Oiodorus,  who  lived  two  hundred  year* 
tSter  him,  and  upon  whose  authority  chiefly  it  has  been  aitrihiiied  to  htm, 
admit!  that  it  was  invented  by  him  in  Efiypt ;  thus  allowing  it  to  have  been 
devued  in  that  country,  whence  the  (irceks  derived  all  or  nearly  all  thai 
raluolilo  in  their  philosophy  ant!  their  artj.  Kvery  person  knows 
~  It  wu  the  grand  sehooT  for  the  nAtions  of  old,  in  which  the  learn- 
ot  nthar  oouotrics  were  instrurted  in  every  branch  of  philosophy— 
cultivatioa  of  which  the  I^g^-ptians  were  celebriUjed  even  m  \!ni: 


Kffypt 
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ttin«  of  Moses — henc«  it  froi)uent1y  b&npcned,  thKt  after  retumtag  la 
their  homes  imbued  with  the  '  wisdom  of  Ec^'pt,'  jihilosophrn  wrt?  ton- 
■dered  by  tlimr  counirymeo  as  the  authors  of  dortrines,  dlsrovcries  ami 
machines,  which  they  had  acquired  a  knowledge  of  aa  pupiU  abroad.  Ti 
15  t]ot  therefore  impossible,  thai  that  which  occurred  to  Tlialcs  and  Pyrh- 
Sj^raa,  Lycurgus  and  Solon,  Plato  and  many  others,  may  also  havf>  hap- 
pened to  ArrfaimedeB  with  respect  to  this  machine.  It  hai  been  Biip{inap(l 
that  the  screw  waa  employed  in  Kpjpt  ages  before  he  visiied  that  cttuiiin; 
of  this,  however,  there  ia  no  direct  proof;  perhaps  an  examination  .-f  the 
immenae  mass  of  sculptures  in  the  temples,  and  tombs  of  Thelwa  aiid  Rem- 
Hawan,  &c.  may  yet  brinj^  to  light  facta  illuslrative  nf  ihe  nee  uf  this  ami 
other  nmcFiines  for  the  same  purpose  in  very  remote  times.  Iia  ancient 
Dame  of  Jigi/pliaH  screw  indicates  tta  origin. 

The  silence  of  Vitniviua  respcciing  its  origin,  if  Archimedea  was  the 
inventor,  is  singular;  for  ihrxiugh  the  whole  of  bis  work  lie  B[)pears 
dioua  to  record  the  names  of  inventors.  He  waa  conlemporary 
DtndoruE,  and  had  therefore  et]ual  opportunitica  of  aaccrtaining  ita  hifttn 
white  from  his  profession,  and  the  nature  of  his  work,  a  more  perfert 
coont  of  it  would  be  oxpecled  from  him  than  from  the  other. 
RomvD  architect  had  indeed  every  inducement,  (except  sueh  as  were  un 
worthy  of  him,)  to  record  ti>e  name  of  the  Prince  of  Ancient  Maihemaii- 
cians  aa  ila  author,  if  such  he  knew  him  to  be.  The  reputation  of  Ar- 
chimedes; bis  splendid  discoverlee  ;  his  famous  defviice  of  his  native  city ; 
hie  melancholy  death;  the  interest  which  Marcellu*  to«ik  in  hit  fate;  iH* 
erection  of  bis  lomb  by  thut  troneral ;  and  it«  discovery  bv  Cicero  amidlt 
thoma  and  rubbish,  one  hundred  and  forty  years  aAerhii  deatb,  and  in  tbt 
lifetime  of  Vitrnvius—^nducc  na  lo  believe  that,  aa  a  candid  nhiloaopbsr 
and  admirer  of  learned  men,  and  of  ArcliitDedea  him5elf,  (fi.  i,  Chap.  1.) 
he  would  certainly  have  awarded  to  the  latter  the  honor  of  ita  inventiai^ 
if  he  believed  him  entitled  lo  it,  either  from  the  testimony  of  aikcioitl  wri- 
ters, or  from  traditional  report. 

but  if  this  mnchtne  was  not  invented  by  him,  to  whom  then  is  tlw 
world  indebted  for  if?  We  reply — if  it  really  be  not  more  ancient  than 
the  Ptolemaic  era— to  a  Grecian  philosopher  of  Semos,  who  waa  conlctfr- 
porary  with  Archimedes.  Sotne  readers  will  recollect  that  when  Plolemjr 
cvergetes,  the  son  and  successor  of  Philadelphus,  departed  on  n  dangerous 
expedition,  the  success  of  which,  according  to  Rnllin,  was  foretold  by 
Daniel,  (xi,  7,  9,)  bis  wife  JtcRirNK-e,  intitienced  by  a  principle  of  supcnii- 
tton,  that  at  one  time  wa^  universal,  vowed  to  sacrifice  her  ^«atest  orn*- 
ment,  the  Aoir  of  her  head,  to  the  Goddess  Venus,  if  he  was  successful 
and  restored  to  her  in  safety.  I'pon  his  victorious  return,  ahc  cut  olf  her 
locks  and  dedicated  them  in  that  temple  which  Philndelphu*  had  founded 
in  hoitor  of  her  mother  Arsiikoe;  the  dome  of  which  lemnle  was  tniend- 
od  lo  have  been  lined  with  loadstone,  that  the  irtm  statue  of  Arsinoe  mighl 
he  suspended  in  the  air;  but  the  death  both  of  Dinocrates  the  architMl, 
and  Philadelphus,  prevented  the  completion  of  a  huildint;  that  would  haW 
livkllad  the  most  perfect  of  all  human  prodactinnr  :  n  work,  which  |trol)«' 
bly  garo  rise  to  the  story  of  the  suspeneioa  of  Mahomet'ii  coffin.* 

■  Tfani  Di«inUic  NitMiaacM  have  bi«D  aettmlht-  uifprnded  witboni  my  iaaxlt'lt>  Hi(i|>a«i 
Bpfi«iir«  rroiii  ra»c«l.  to  wboH  travel*  in  Ahvmiiiia  wc  intttTrA  in  thn  Uui  cli4f>uf .  Ha 
ri(«la(M  lli.ll  hr  Ivlirlcf  m  >  motoflttf  in  Uwl  country,  ■  f;alilcn  alalT  •fcmil  fane  ItMt 
lon|t,  tliua  iiiapi-nilHl  II)  iIh  air ;  lod  to  il«tiM:t  uirr  lUropiiun  lie  (k-iiiml  pemtMioB  la 
Pianiiiii-  >i  Ho'i-lv,  to  aaneiiain  wtietliKr  ilivn  «•••  aoi  •nin*  invimliJr  prop  or  nppMt. 
'■  Til  tiiL.'' «H  It  nil  ilonbt  tha  »*p)  I  passej  mj  caau  o«et  ii  uiil  iiixbr  it.  aw)  on  ill 
lidM,  uhI  fAiinJ  ilMt  ihM  viatf  or  |«M  did  li«lr  but  uf  tiM^ir  m  i1h>  air "    Ed    Cmctv. 
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Sumetune  &A«rwurciti  UiM  conotrcrattNl  hiur  wks  mining  from  tbo  tem- 
ple, havtijg  b«4-n  loct  tlirotigh  iba  nvj^li^nce  of  the  priests,  or  perhaps 
deaigiitfdlv  coiire«led.  No  occurreiicu  was  mont  likvly  lo  crcstu  alarni 
uooug  Ik  saper»titious  ptwple,  or  to  ttxcitv  the  ire  of  s  (Je)<|mtic  monarch, 
tlim  such  ait  iiisalt  to  their  Gud)).  and  tu  hif  favorite  i|iiwi].  In  tbti  di- 
lamnta,  ati  aatrtMMMner  of  Al<*xaiKlna,  in  order  to  mukt;  hi»  rourt  Co  Cver- 
Mea,  had  ilie  efTrtmtery  tu  give  uul  publiciv  llisl  Jvpiten  had  carried  off 
the  kicks  of  Bvrvntce  to  heaven,  and  had  fonnrd  th«>tii  into  n  cunstttllation  ! 
And  aa  a  proof  of  Iii«  aast-rtion  h«  [vuinttrd  to  ah  urjlnniiiK)  uliiKler  of  starv 
near  the  tail  of  Tj«o,  nn  IJerenicH's  hair  !  AiiJ  *  China  lierenica'  \i  iho 
nanM  bv  uhicli  tlttitw  nlars  aru  known  tu  lliiit  (Imv. 

It  uraa  thi«  artful  courti«fr  and  lutniinnnnr  who  either  invented  or  rv*)n- 
veuted  the  screw.  He  wa)  named  Casos  of  Samta,  and  tomedmo* 
C^uon  of  Aictandria,  frtim  his  reaidence  in  KgypL  Hk  wan  an  intimate 
fiiend  of,  and  greatly  e»teenie<l  hy  Arehimedeit;  and  il  would  ae^-m  that 
diey  comoiuntcated  tht^tr  writing  aiid  diMroverieit  lo  ttach  other.  When 
die  former  deviled  tliift  machine,  Ardiiint^dtts  we  Hrv  ti)l<l  Jenumxtrafed 
Mdj'iUg  rrj>fciiHCit  iU  prap^rlia  ;  for  Connu  hitnielf  wan  not  forlunnle  in 
hii  demo  nai  rat  ion*.  (Bavle.)  Fmin  this  circumntancH  the  tiaine  of  ita  in- 
Tentor  was  in  time  forjjolten,  and  it  i-ventually  Itecaine  known  as  tlie  Af- 
dtuMJian  screw ;  hut  pfobahly  not  liU  long  afler  the  deatli,  hnlh  of  it« 
udhor  aod  iiluitralor. 

Similar  instances  are  not  unconinion  in  modern  times;  the^  have  in  fact, 
ilwBjj  occuriW.  Thua,  (he  instrument  known  fts  Hullev's  Quadrant  was 
njslly  invent*^  by  Godfrr-y  id"  PiiiladKlpIiia.  The  coinpHs«  was  known 
before  Flavio  Gioia,  altlKiufrh  llie  Fteur  lir  his,  by  which  Ue  designated 
tbe  north  id  compUuent  to  his  soverei^i,  a  u&ed  to  this  day.  Gunpowder 
WM  used  aguB  befon.-  Schwartz  was  burn — and  these  cuntinuiils  bear  the 
miM  of  Ve«puc<:i,  not  tliat  of  Columbus  vr  Bt^haim. 

As  Couou  died  before  Archimedes,  [ewu  D«yle)  and  probably  in  Egypt, 
ilisvery  iMuible  (su|>posing  it  urigiuuled  with  the  former)  diut  it  waa 
Grtt  iKtrwiMced  into  Eurtryc  hy  the  latter ;  a  circunnriaiicv  tjuite  tulhcient 
loconneci  his  name  pennanenLly  with  it  there.  Atheiiuus  Micntioiis  par- 
bcolsrly  its  apuhcalion  by  bim  to  rai»e  water  from  thu  hold  of  the  snip, 
wliich  was  built  und<.T  hia  directions  for  Hiero;  and  if  an  observation  uf 
tlw  Mme  author  can  be  relied  on,  [t  is  evident  l}iai  he  was  tlic  ftrsi  lo 
iinke  it  known  to  Qrenan  mariners ;  for  he  averts,  that  they  held  hi* 
bcnnry  in  great  estimation,  fur  having  enabled  iheu  to  carry  oif  the  war 
lerfnni)  the  holds  of  their  vessels  bv  it. 


(l  il  greatly  to  be  regretted  that  men  of  science  should  ever  be  found 
■ftong  the  flatterers  of  despots  ;  yet  thoobset^uioui^MeS!  ofCononhas  been 
■nn'tated  in  (n(.>dern  as  In  ancient  times.  Custom  may  yet.  in  »ome  decree 
■MioD  or  ratlier  sci-vun  the  practice  from  reproach  ;  but  the  period  i>, 
iWheve.  rapidly  appruachiit^  when  it  will  be  subjected  to  seneral  do- 
•D,  as  not  only  iiijurlous  lu  the  reputation  of  scientiiic  men  themselves. 
Ilo  science  and  tiie  wurid  ut  large.  Our  sentiiTJcnts  on  this  subject  may 
Itprobated  by  some  pursoiis.  attd  ap[)n>ved  of  by  few, — still  we  believe 
u«y  sre  such  a«  conduce  to  the  general  welfare  of  our  raee,  and  such  as  will 
onejay  universally  prevail,  and  believing  this,  we  express  ihem  without  he- 
iWiaD— others  may  condemn  them  as  out  of  place  here,  but  in  our  opinion 
"••"fils  they  deprecate  will  not  be  removed  until  they  are  generally  do- 
'wobced  iu  works  devoted  to  the  nru.  Nay,  we  would  inlruduce  such 
MOtinieuis  into  scliool  books,  that  cliildren  may  not  be  taught  tu  wocfhiy  % 
9>ib  DO  ucivunt  of  bia  titict,  but  (o  revere  virtue  &i\d  adiii'iTe  vjeW  fAu- 
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VKtotl  taloou  wWrever  iliejr  uv  fouod.    '  Wo  migbt  u  woll  (My*  Imii 
oomniMKl  a  hone  lot  bi*  (plendid  trsppings,  u  a  nan  for  faia  porapoui  i 
ditkniB.' 

Let  uiy  unaoplilflicateii  mind  peruae  the  dedications  of  Kurope«ti  wi 
in  abaosi  all  departments  of  science,  for   the  Inni   tvo  eeiiturie*.  aorl 
wili  iiiid  uvery  atthhute  of  the  Xtfity  blasphenwustjr  iavuhed  wn  iti. 
of  unncu,  and  on  tilled  dolu,  with  a  degree  of  anior  and   appall ' 
cent^,  (Ittit  is  aa  loathvome  as  the  gros«c!>i  praeiiceg  of  beuhen  idolatry.   At 
the  Muiic  time,  tlieae  individuaU  who  thus  idoliste.  eomeUmea  an  k 
odiers  an  iiifam,  and  often  a  brute,  affect  pitjr  for  the  ignorance  and  iu| 
stiiiori  of  ancient  paciuis  and  modem  savNgsB 

But  vthy  thia  display  of  servile  aduluionl     Formerly  to  obnia 
in  later  limca  to  procure  iiitc,  krredirary  ntte. 

If  there    is  one  class  of  men,   whnse  extensive  knowledge  of  oaturr, 
and  the  bublimity  of  whose  studies  should  lead  ihom   ihoronglil^  lo  dat- 
pise  the  tinsel   and  irappings  of   courts,  and    the   unnatural,   Mnd   'O  tit* 
great  maaa,  degrwiinfr  aiolinr.lini)))  in  EiirupDan  iwciety,  tl  is  ii^ 
men  whose  researches  are   pieominenlly  calnilAtRd  to  ennoh'- 
whose  lalMjra  have  ehctied   the   highest  iuiiiur.tLion  of  Uti^ir 
M'ho.ie  discoveries  have  opened  sources  of  intellccttial  plessun 
that  pure  inteUi^cnccs  might  rejoice  in  them.     Thatsuchmep  shnui' 
(o  lay  at  the  feet  of  ignorant  and  H-nsual  despots,  their  fame,  their  U-.:     ... 
and  m  some  degree  the  acieoce  of  which  they  are  the  condei-rauirs,  aud 
accept  I'rom  thoiw,  who  an;  immeasurably  their  laferion,  what  are  pr»po«- 
teroiisly  named   titles  of  hemor,    L  e.   puerile   and   artilioial   distinctiaDa, 
which,  while  they  profess  to  adwuux  those  who  ara  already  in  ,  the  fow- 
most  ranks  of  society — really  lower  and  degrade  them — utles,  relics  of 
times  when  men  were  advanced  hut  a  few  eteps  from  the  savage  siAie,  and 
conferred  by  rei-emonies  which  are  the  very  eiisetKe  of  hunlbonerj', — ii 
truly  one  of  the  most  lamentable  iaeu  euonecud  with  the  hiatoiy  of  mo- 
dem science. 

LL-anird  men  by  tJiiis  connecCiBg  theniselves  with  the  state,  cnnsummaM 
an  unholy,  an  unnaioral  alliaaee,  and  aabjeel  even  science  hprw>lF  (al- 
though iht-y  may  not  inti-nd  it)  to  politicians  to  speculate  on.  Tlu\v  in  « 
mcaSBre,  cunnnit  suicide  on  thcirfamc,  by  thus  supporting*  pohtiral  iinii- 
Cutione,  that  can  only  exist  by  gilcncinj;  tho  throbbinj^s  and  HliHinp  the  osni- 
rations  of  iho  gcnerBl  mind  uf'tt.-r  kiiowled^jo;  instimiiona,  which,  like  (he 
old  errura  in  philosophy,  aru  destined  to  be  exploded  forcvw.  It  will,  we 
think,  one  day  appear  stranj^cly  inconffruous,  thai  sorao  of  ihc  bri^itcsl 
luminarirs  of  science  should  have  luriieJ  lo  royal  despots  for  fac tilious  rank ; 
as  if  they,  in  whoso  fair  fame  the  world  focUan  interest,  could  dcMend  from 
their  radiant  spheres  to  move  as  Bntcltitcs  around  such,  with  an  mtrtiUie 
of  lustre  !  Who  can  behold  without  sorrow,  those  men  fcDdering  homage 
by  kneeling  and  other  more  disgusting  mummeries,  to  indi^'idutiJa  who  are 
not  only  their  inferiors  in  every  nllnbuie  that  adorns  humanity,  out  oflcn  the 
most  atrocious  of  criminals,  and  sometimes  mere  insensulcs :  to  beg  a  por- 
tion of  honor,  and  a  title  lo  use  it  I  When  the  world  becomes  tree  and 
onlighir!ned.  such  examples  will  be  adduced  as  illuscrntiona  of  the  vi 
ries  and  inconsistencies  of  the  human  mind  i  and  patents  of  nobihty 
hereditary  title*  of  honor,  especially  from  such  sooroes,  will  be  U 
Qpon  as  satiree  on  science,  on  the  ago,  and  on  the  iniellecl  of  man. 

Tb«M  lilltu  form  the  most  eonspicuoiu  featare  in   that  syifefn  of  it 
aidon  1>y  which  the  European  world  has  too   long   been   deluded  and 
based  :  and  in  a  political  point  of  viow.  the  fWonds  of  mun's   ioaliem 
rights,  and  of  the  nmettoralion  of  hia  rondilioti.  will  alway*  tvgret, ' 
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wsumaha  bmd  ibonkl  have  tent  their  «xvnple,  to  iiuuin  diftiocdoni  timt 
KM  ■  oonv  to  iho  world.  This  conduct  of  ihein,  perhaps  more  than  any 
othtr  cause,  tends  to  uphokl  defpoiisni  on  ilic  eartn.  Oi  iheir  inilueace  in 
tliii  mpect,  modern  deapou  are  fully  kware,  and  whlofa  ihej  evinoo  by 
tJieir  ftnxieiy  toenlUt  in  tiwir  train,  every  man  eminem  in  any  deparuneni 
of  tbe  arts  or  of  icJence ;  and  many  of  these,  it  ia  lo  be  deplored,  they  too 
oAen  tickle  wub  a  feather,  or  arouse  u-itb  a  trinket,  wbile  they  put  a  bridle 
in  their  lip*  and  yoke  them  to  ibeir  cars. 

The  lust  after  liilos  and  distinctions,  incident  to  monarchical  govem- 
Rients,  is  in  ihe  political  and  isoni]  world,  what  the  scrofula,  or  *  king*i 
evil*  is  in  the  physical :  ll  deMroya  the  hoallhy  and  natural  orsanintKm 
of  society,  taints  iu  lairesi  Iviitures  with  berediiary  disease,  and  renden 
tfa*  whole  corrupL  The  wisdom  of  the  fathers  of  our  republic  was  not 
more  conspictwus  than  their  virtue,  wban  thuy  denounced  such  tides  and 
distinctions  as  rorever  incum^jatible  with  iha  conslituiiun.  tiweep  them 
from  the  earth  and  man  in  the  eiuteni  bemispltere  would  become  a  regeoe- 
ruad  boin^.  Nalious  would  no  loiigur  be  kept  in  commotion  and  dread, 
DOT  tbuir  resources  be  ouusumeii  by  political  and  military  ^ludialara  ;  nor 
would  the  abomiuabte  boast  of  uoe  people  in  con<juont>g  and  pluodcnnf 
■tiother  b«  deemed  rreditable;  but  when  peace  ujid  virtue,  science  and 
the  arts,  would  alone  confer  honor,  and  dieir  most  distiuguishvd  cultivators 
be  deemed  the  most  noble. 

Plato  was  no  worsbipper  of  Diouysius.  uor  Solon  of  Cruetua ;  and 
when  the  talented  but  uDpriucipled  Arcbelaus  of  Macedon,  drew  numer- 
ous uhi losopbere  around  liiai,  by  his  wealth  and  llie  liunon  be  conferred 
OQ  theni,  Socraies  refused  even  to  visit  him  as  long,  said  be,  as  bread 
was  cheap  and  water  plenty  at  Athens. 

AUbooeh  the  ancient  world  conSrined  the  name  given  lo  one  of  the 
oonflellaoons  by  Conoo,  the  modern  one  refused  lo  sanction  a  similar  at- 
teiDpC  to  designabB  the  remulest  planet  m  our  system,  after  the  name  of  a 
king  wbo  was  re^narkable  for  bis  lack  of  inleUigence — a  bigot — and  wbo,  to 
preser i e  his  pn*rog«tive,  shed  blood  as  water.  Yet  to  that  man,  and  to 
tna  SOD  and  soccexrar,  who,  if  he  possessed  more  intelligence  than  the  pa- 
rrot, was  tlie  grussest  ictisudiat  of  the  age.  and  contact  with  whom  was 
palluttnn,  did  some  of  the  vi>unea  of  science  kneel  as  to  'the  rovNTAiNS 
vsf  Honor!'  and  to  receive  a  portion  of  it  at  their  bands  !  whilu  k  me- 
tAanic,  lu  whoiv  glory  it  will  pwt  be  metitionod,  could  dulv  spprcciatH 
the  o0invd  bauble  and  rrfrci'it,  if  not  with  disdain.     James  Watt,  the  ma- 

Kiolicul  iiisirutueiit  luuker  of  <j|aaguw,  ibe  great  improver  of  the  steoin- 
3Q,  who  conferred  inuru  bcnclitfl  on  his  country  than  all  the  monarcba 
ever  ruled  over  il,  and  all  the  sUtegmcti  and  warriunt  wliich  it  over 
ueed — refuwd  a  title.  And  who  ever  n.-i.'ri-tied  that  Milioii  was  nuc 
a  knighl,  or  Sbake«pesre  it  mun|uis.  or  Frniikliii  a  lord :  or  lliat  some  of 
the  greamt  poets  und  philos^iptim.  philundiruuists  and  mechaniciatis,  ifaat 
«Tar  bvfd]  are  known  to  u*  simply  as  such,  without  having  hid  tbeir 
aatDcs  bobiered  op  «>-itb  preposterous  appettduges?  And  who  ever  aup- 
poeed  they  were  less  happy  without  ih<.-m,  less  vigorous  and  successful  lu 
fheir  reeearcbes ;  less  respected  by  contemporanes,  or  lee*  revered  by 
poctontyf 

Long  after  these  remarks  were  written,  M.  Amgo'a  Memcnr  of  Wait, 
readiM  thia  rotiairy,  and  on  perusing  it,  we  could  not  but  smile  at  the  dis- 
^iposnunom  expressed  by  ibe  great  French  philosopher,  that  his  friend 
WW  not  made  u  pver.  "When  I  inc|uired  into  the  cause  of  this  neglect, 
[lie  oheen'ite.]  what  think  you  was  the  response  1  Those  dignities  nf 
whieb  yoa  spoak,  I  was  told,  are  reserved  for  naval  and  mUixar^  oSnen*, 
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fi^r  infliieDtial  momben  of  eho  House  of  Co«nmon«.  «tul  for  membera  of  ilw 
•miocracy.  '  Z(  ii  )»oC  <A«  tfiutom.'  kiuI  I  quoi«  the  very  phrBse.  to  gnini 
th«t>e  bonors  to  sdeniUir.  and  Ihcrar^-  men,  to  aniil!  anu  unniweTS."  H« 
ulds,  "so  much  fur  the  worse  for  the  pccTagr."  WpII  bo  it  so.  In  oat 
humble  opinion,  it  is  so  much  th«  better  tor  tbe  memory  of  WuL  Whil 
htid  such  a  man  to  do  in  a  bouse  that  prcMOS  Uko  an  incubua  on  the  ennr- 
gies  of  his  cooniry,  and  the  claims  to  a  scat  in  wbtcb,  arc  too  oficu  sudi 
a«  are  disgracvful  to  our  cdtomoQ  nature  t  An  infinitely  higher  honor 
awaits  him;  for  both  Wan  and  his  illustrious  eulogist  are  destined  to  oe- 
Gopy  diatinguisbcd  stations  in  that  Pantheon,  which  is  v«t  to  be  cr«ctfld. 
whose  door»  w-U)  be  opened  only  to  the  BENEFACTORS  OF  MAN^ 
KIND.  ^ 

There  are  several  interesting  particulars  roaotjoDed  by  Athenens,  respect- 
ing the  magniRccut  shin  named  the  'Syracusan,'  which  was  built  under  the 
diroctiona  of  Archimedes,  and  to  which  we  have  alluded.  Prom  thtr  follow- 
ing  brief  deserinaon,  it  will  be  perceived,  that  for  richness  of  decoradon ; 
real  oonveniencies  and  luxuries,  (for  even  that  of  a  library  was  not  over- 
looked.) she  rivalled,  if  ehu  did  not  excel,  our  Justly  admirt-d  pacheta  and 
steam  ships. 

Three  hundred  carpenters  were  employed  in  building  this  voeael,  whi 
was  completed  in  one  vear.     The   timber  for  the  planks  and   ribs 
obtained  partly  from  Mount  Etna,  and  psrtly  from  Italy  ;  other  mat 
Irom  Spain,  and  hemp  fcr  cordage  from  the  vicinity  of  the   Rhone 
was  every  where  secured  with  largn  copper  nails,   [hultx]  earb  of  wh> 
weighed  ten  pounds  and  upwunds.     At  o<|ital  distanr'-N  all  round  tfao 
terior  were  statues  of  Atlns,  nine  feet  in   height,   »upp<irtinp  the  u      _ 
dvcks  and  trig^lyphs:  lirxidos  which  liw  wholo  outside  was  adorned  with 
paintings;  and  (-nvinincd  with  ramparts  or  guards  of  iron,  lo  jirttv^-nl  an 
ennmv  from  IxMrding  hrr.     She  bad  lliree  masu;  for  two  of  lh«-tie,  t 
sufficiently  lar^t?  were  obtained  without  much  ditHcnlty,  balasuilatilr 
for  the  maininaal,  was  not  procured  for  some  lime.     A  swiiie-herd 
dentally  discovered  one  grou-in^  un  t)ie  mounlaina  of  Krultia.     She 
launched  by  a  few  hajids,  by  means  of  a  helix,  or  screw  machine  inVAQi 
by  Archimedes  for  the  puipose,  and  it  appears  that  she  was  ahealhetl 
Jutt  lead."     Twelve  anchors  were  on  board,  four  of  which  were  of 
and  eight  of  iron.     Grappling  irons  were  disposed  all  roand,  which 
means  of  suitable  engines  could  be  thrown  into  enemies'  ships.     17 
each  side  of  this  vessel  were  six  hundred  ygung  men  fully  armed,  aiii 
equal  number  od  the  masts  and  attending  the  engines  for  throwing  stones.      ' 
Soldiers,  [modern  marines]  were  also  employed  on  btiard,  and  they  wem 
supplied  with  ammunition,  i.e.   stones   and  arrows,  'by   little  boy»   that 
were  below.'  [the  powder  monkieB  of  a  modem  man  nf  war.]  who   trtit 
them  up  in  bssWets  by  means  of  pulleys.     She  hnd  twenty  rentes  of  nars.     i 
Upon  a  rampart  was  an  engine  invented  by   Archimedes,   which  roul^H 
throw  arrows  and  stones  of  three  hundred   pounds,  to   the  distance  of  ^H 
stadium,  [i  furlong]  beaidea  others  fordeleDc«,  and   suspended   in  chains 
of  brass.  ' 

She  seems  to  have  been  what  is  now  called  '  a  three  decker,'  for  ihi 
were  '  three  galleries  or  corridors,'  from  the  lowest  of  which,  th«*  sai: 
went  down  hv  ladders  lo  the  hold.  In  the  middle  onu.  were  thirty  rooi 
in  each  of  which  were  four  beds ;  the  floors  were  paved  with  email  ttoi: 

•Cnropeaa  sbipi  were  ibeatbed  witti  sbeei  load  in  tba  )7tb  onuury,  ai  wfakk  ikM 
aba  wooden  diottlniic  »«s  ia  vognc.    8ea  CoUkftis'  Oict.  Val.  i.  Art  fagknri 
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l>f  diServBt  colors,  (tnnsucs)  represenimg  mcoca  rrom  Homer'i  Iliu). 
The  doon.  windows  uid  fcilinga  wcro  finUhcd  with  '  wonderful  art,'  and 
einbcllisfKhd  with  evcrv  kind  of  oraaracnt.  The  kitchen  is  mentioned  wi 
a  this  deck  and  n<>xt  to  the  atcrn,  aUo  three  large  ruonia  for  eating.  In 
the  third  gallery  were  lodKing^  lor  the  soldiers,  and  a  gymnasium  or 
lace  of  ext:rct«a.  There  were  also  gardens  in  this  vcsmI,  in  which 
arutiu  ptanLs  were  arranged  with  taste  ;  and  among  litem  walks,  propor- 
loncd  to  tlte  magnitude  of  the  ship,  and  shaded  bv  arbors  of  ivy  and 
vinea,  whose' roots  were  in  iargc  vciiscls  tilled  with  e«rth.  Adjacent  to 
wft»  a  room,  named  the  '  apartmvnt  of  Venus,'  the  floor  of  which 
paved  with  agato  aod  other  precious  stones  :  the  walU,  roof  and 
lows  were  of  cyprcas  wood,  and  adorned  with  vma,  AUiiies,  paint- 
nes,  and  inlaid  with  ivory.  Another  room,  the  sides  and  windows  of 
'hich  were  of  box  wood,  contained  a  library ;  the  ceilings  represented 
'tke  beavens,  and  on  the  top  or  outnde  was  a  sun  dial.  Anociier  apart- 
nt  was  fitted  up  for  bathing.  The  water  was  heated  in  three  large 
■r  cauldrons,  and  thr  bathing  vessel  wa.«  made  of  a  ningle  stone  of 
lor*.  It  contaimrd  sixty  gallons.  Tliftn>  were  also  ten  sta- 
botli  sides  of  r^e  vessel,  t»guthnr  with  straw  and  com  for  the 
ebnvent^iices  for  thi-  Knrsr.men  and  thi>ir  servants.  At  certain 
pieces  of  tim[>er  projec!e<l,  upon  which  were  piles  of  wood, 
ena,  milU,  and  otlier  tsontrivances  for  tlie  scrviceti  of  life. 
At  the  ship's  ht^ad  was  a  large  reservoir  of  fresh  wat^r,  formed  of  plank 
mod  pitebed.  Near  it  was  a  conMervalory  for  fiuh,  lined  u'itli  sheet  lead, 
msd  conCaininif  atth  water;  although  the  well  or  hold  was  extremely 
deep,  one  man,  Atheneus  says,  could  pump  out  itll  the  water  thai  leaked 
into  her,  by  a  screw  pump  which  Arehimedes  adapted  to  that  purpoae. 
There  were  probal^ly  oilier  hydraulic  machines  on  board,  for  the  planl3, 
bathing  apparatus,  and  kitchen,  &c  The  upper  decks  were  aupplied 
With  Water  by  pipes  of  earthenware  and  of  lead ;  tlte  latter,  moat  like- 
ly, extending  frum  pumps  ur  other  engines  that  raised  the  tii^uid ;  for  tliere 
IS  rBoaoii  to  believe  that  machiiien  aiialogoua  to  forcing  pumps  were  at 
thai  lime  known. 

The  '  Syracusan'  waa  laden  with  com  and  sent  aa  a  present  to  the 
King  of  B^ypt.  upon  which  her  name  was  changed  to  that  uf  the  '  Alex- 
andria.' Mttgniticent  as  tins  vesael  was,  she  appeura  lo  have  been  sur- 
passed by  one  subseiucntly  built  by  PtnlemV  Philopater;  a  description 
of  whicli  is  given  by  5font»ucon,  in  Uie  fourth  volume  of  his  antiquities. 

For  the  Spiral  Pump  of  Wirtz,  see  the  end  of  the  iJtl  Book. 
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Iks  coasoa  rua^— Mot  wad  by  tb«  H.-nils^  F.f  jrfuau,  tinaha  or 


OtwivtMa  cf  Ik*  CMbh*  ramp  mi  Um  wtau  mmIm  oT  |im>*lliM  u— Chu*  r«n»  Oon  liimii 
PatorDuata  Pamff-Chaia  Pwap  ottemao-AM  Frawb  f><ub|i  fiiiu  Italulur— Sapcniiniy  •(  tk*Q^ 
•aa*  FaMr— <^'^'*'  ^>  *^  >|iuiUnb  aad  Duuh  I*  tk«r  JUIaiw  pvMMwini*— Ban  aarf*  •(  nikKl 

•04  Mac  II— WoodM  Ckain*— CfcaiB  Paap  Ik  ■rttwta  AlfM  «r  vw—DMnpter— JluJeni  iin m^at 

—ttmtrk  Puap— Cola'*  Paaifi  lad  aipvHnnlk— Moun  et  Chala  l^ua|w  In  tk«  Ammm^  f(a*y_Ib- 
KniKMaor  UHwii>albalI»iMi8tiM>8kip  [adtf-ndtmt9~-Ch\alit  Pump  iMnJund  tMajUwtlahf 
Vu  llnMii  riii[i<iijii1  la  Soaib  *»a»ti  B«wily  laaroAimd  tola  EffTfi— Owil  ■•  a  • 
Water  U'kMlr— Tacutlar  rwluramOiiMMaktpbvltdnt— '••■''ranUf*- 

The  cliwn  pump,  although  out  d«Knbe<i  b^  Vitruvius,  is  UitroilaeMtl 
this  place,  because  it  Boems  to  be  the  conaecting  link  belweeu  tbe  chki&i 
pots  and  tlie  machine  of  CteBibius.  -Some  writers  supposv  it  to  be  duriTtd 
Uoin  the  former  ',  noris  the  supposition  improbftble.  Numeruusluul 
ounutaoces  would  freciucntly  prevent  the  chain  uf  pou  from  being  ni 
in  a  rertical  position,  and  whrn  its  direction  deviated  considerablv  fn 
the  perpendicular,  soinv  mode  of  protecUng  tbe  loaded  vessels  while 
cenJiiig  rugged  banks,  fitc-  bet»jn«  acccaamry.  An  open  trough  or  v/t 
en  gutter  through  which  tb«y  might  glidu,  was  a  simple  and  obvious 
vice,  and  one  that  would  nccur  ui  most  jxKiple ;  hut  such  a  coctriranc 
could  Dot  have  been  long  in  u*c  before  the  idea  miut  have  been  suggened* 
that  pieces  of  plank  or  any  solid  substance  which  would  occupy  the  ei  ' 
u'idtli  (if  Uit;  gutur,  might  be  sab*tiiuted  for  tlie  potx,  sinr;*-  tliuy  W) 
obviously  answer  the  same  purptue  by  pushing  the  watfT  livfure 
when  drawn  up  by  the  chain.  If  this  was  the  process  by  which  the  i 
ciun  of  die  chain  uf  pots  into  the-  cliain  pump  was  ejected,  t)utr<?  can 
htlle  doubl,  that  old  engineers  soon  perceived  the  advttulages  of  eOv« 
the  top  of  tlic  gutter,  and  eonvcrling  it  into  a  It/be  ;  us  ihe  machine  cml> 
then  be  usihI  with  equal  facility,  m  a  perpendicular,  as  iu  any  other 
position. 

It  may  be  deemed  of  little  consequence  to  ascertain  the  eireut 
which  led  to  the  invention  of  tbe  chain  pump  ;   yet  a  knowledge  of 
period  trAen  this  took  place  would  be  of  more   than  usual   interesl.  un 
coant  of  ihe  analogy  between  it  and  the  ordinar)-  pump,  and  of  the 
tiunship  that  appears  to  exist  between  them.     The  inlrwIurtiriR   uf  a 
through  which  water  is  raised  by  pallets  or  pistons,  is  so  obvious  an  ap- 
proach  to  the  latter,  thai  it  becomes  desiralde  to  ascerlain   which   of  tb^ 
bears  the  relation  of  parent  to  the  other,  or  which   of  them  preceded 
other.     But  lo  what  aAcient  )>eopte  are  we  lo  look  for  its   authors  T 
to  the  Hindoos,  or  the  Egyptian:*,  for  it  is  incredihlc  that  either  of  thi 
people  should  have  loat  it,  if  it  was  ever  in   their  poisemion.     Its  ehi 
and  simple  construcdoti^its  efliciency  and   exieiuiive   application,  wall 
certainly  have  induced  tlvetn  to   retain  it  In   preference  to  others  of 
value.     Nor  does  it  appear  to  have  bneu   known  to  the  C^reeks  ;  for  \1 
na.vigator>  would  never  have   employed   the  screw   as   a   ship  pump, 
Atheneus  says  they  did,)  if  they  had  been  accguainted   willi   tiiis  mac) 
Of  all  hydraulic   tube   loachiues,  the  screw   seems   the  most  unMiit 
Ibr  such  a  purpose.     It  rei^nires  to  be  inolined  at  an  angle  that  is  not 
incoDvenient  but  genemlly  otiattainable  in  ships.     But  tf  the  Qreeka  bs 
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the  chftin  pump,  the  TtAmuu  wauU  have  received  it  from  thom ;  whereas, 
from  lh«  uIpoco  of  Vitrrivtus,  it  is  e\e»r  that  his  couDtrym^n  w&Tn  not  u- 
ijuainleJ  with  it.  Aa  an  c.n^nivr,  he  wcmld  have  been  semible  of  its 
value,  and  wiiuld  have  preferred  it  in  many  eases,  in  raijinff  water  from 
Um*.  docks,  At*,  to  the  tympanum  and  norta,  which  be  informs  ut 
capin^ed  in  sueli  cajea .•  Arch.  Book  v.  Cap.  \2.  Moreorer,  if  it 
pfoyed  by  tlie  Romous.  U  would  have  hutrn  preserved  in  use,  h$ 
t»  other  mAchinei  for  the  t&mc  purpose,  either  in  Eiimpe  or  in 
tiieir  African  or  Asiatic  f)OS34:8stons ;  but  we  have  no  proof  of  ita  use  at 
all  ID  any  of  the  latter,  tmr  yet  in  the  former,  till  comparatively  modem 
siniea. 

But  if  the  origin  and  improvemenc  of  tlie  chain  pomp  is  due  to  one 
nation  more  than  another,  to  whom  are  we  indebted  for  it  t  To  a  people 
u  diilinguished  for  their  ingenuity  and  the  originality  of  their  inrentiono, 
fts  for  their  antiquity  and  the  pceuliarily  of  many  of  their  citstotna  ;  and 
irho  hy  their  sywem  of  excluding  all  foreigners  fmm  ctitoring  the  country 
hare  long  concealed  from  ihc  rctt  of  the  world  many  primitive  contrivan- 
ea,  vix.  the  Chi.sbse.  This  lingular  people  ap[>ear  tn  have  had  littlt' 
or  DO  eommunicaiion  with  the  celebrated  i^slinns  of  aiiti(]uity,  a  cir^ 
etunstauce  to  which  their  ignorance  of  the  chain  pump  may  be  attribut- 
ed. This  tnachine  has  been  used  in  China  from  time  intmemoriul,  and 
u  ooni>eclcd  with  their  agrieulturc,  has  undot^one  no  change  what* 
«ver.  The  great  roquiiiilos  in  cheir  husbandry  "arc  manure  and  wa* 
ter.  and  to  oMoJn  these,  all  their  energies  arc  devoted."  Of  such  im- 
portanc^  is   this   initrumcut  to  irrigate  the  !M>il,  that  every  laborer  is  in 

KtMeaaion  of  one ;  its  use  being  "  as  familiar  as  that  of  a  hoc  to  every 
hinese  husbandman,"  "  an  implement  u>  him  not  lees  useful  tlion  a  spade 
»  aa  European  pea^anl."  Tl  is  worthy  of  remark  livi,  thai  they  often  use 
~  in  «'hsi  may  be  mpposcd  in  hare  been  its  original  fornt,  viz.  as  an  open 
gutter  ,■  a  circomttance  which  serves  to  Mrengihen  the  opinion  of  its  ongin 
wd  great  andquity  among  them.  Like  the  peculiarity  of  their  compass, 
irhieD  with  thom  points  to  the  sooth,  it  w  a  proof  of  their  not  having  received 

irom  other  people.  "  The  Chinese  [observes  Staunton]  appear  indeed 
bare  strong  claimi  to  the  credit  of  hanng  been  tndebira  only  to  them- 

Ives  for  the  invention  of  the  tools,  necessarj'  in  the  primury  and  necea- 
mry  ans  oC  life ;  these  have  somctbing  peculiar  in  their  eonstruction.  some 
iiaenmce,  oAen  indeed  alight:  but  always  clearly  indicating  ihut,  whether 
kotter  ur  wone  filled  fur  the  samc!  ptirpuses  as  those  in  use  iu  ulhcr  coun- 
lrip»,  the  one  did  not  scrro  as  a  model  for  the  other."* 

But  the  general  form  of  chain  pumps  in  China  is  that  of  a  square 
tube  or  truna  made  of  plank  ;  and  of  varioiii  dimensions  aeccording  to 
^e  power  employed  to  worit  them.  Thoi«e  that  are  portable,  with  one 
^^Bntich  ereiy  peasant  is  furnished,  are  commonly  ttix  or  seven  inches  in 
^^^■etor,  and  from  eight  m  tnn  feet  in  length.  Homo  are  even  longer,  for 
X'an  Rraom,  who  wna  several  year?  in  China,  and  who,  as  a  native  of  Hoi* 
ftnd,  waj  acl(»enh(ierver  of  every  hydraulic  device,  wlien  speaking  of  them, 
reoiarkd,  thai  "  they  use  them  to  raise  water  to  the  height  of  ten  or  twelve 
feet;  a  single  man  work-i  tliia  machine,  and  even  carries  it  wherever  it  it 
■ranted,  as  I  have  had  occasion  to  remark  scvctkI  times  in  the  nroiince  uf 
Qnanoiong  near  Vampon."*'     A  small  wheel  or  roller  is  attached  to  each 

id  of  the  trunk,  over  which  an  endless  chain  is  paasod.     Pollois,  or 
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squ&r«  pieces  of  ptuik,  lili^c)  00  ««  to  fill  (liVc   ibe  pitlon  o(  n  cont: 

pump)  tlte  bore  of  the  tube,  am  secured  U>  ilie  cbkin.     Wheu  the  omcbiq 

i»  to  be  used,  one  end  of  the  truck  is  placed  in  ihc  water,  and   the  ••'^-•^ 
VMts  on  the  biuik  over  which  it  is  10  hv  r&ised.    The  upper  wheel  c' 
n  put  la  motion  by  a  crank  applied  to  iu  axle,  and  the  pulletsas  ihc^  ><  ' 
lite  trunk,  push  the  water  that  enters  it   beEbrc  ihem,  till   it  is  dtsehu  ;?< . 
•hove.     In  muchines  of   ihi:)  tleicnption  one  bitlTof  the  cliatn  ia  hluvji 
o>ii«ii)e  of  i}ie  tube  and  exposed  to  view,  but  in  olbem  tin*  trunk  is  dividm! 
by  a  pluik,  MO  OS  to  form  two  aeparatc  tubes,  one  above  andlber,  aii'i  1  < 
iht!  ehaiii  rises  in   the  lower  one   ai>cl   retums  down  the   upper. 
puinp>  are  represented  u   exceedingly  rfflective,  delivering   a   volumi:  kif 
w«i«r  *fHQ«l  to  the  bore  of  the  trunk.     Whenever  &  breach  orrtir*  in  r^ne 
of  their  canals,  or  repairs  are   to   be   mode,  hundreds  of  the   '■■  i; 

|>ea<Hiils  are  summoned  to  the  work,  and  In  a  few  hours  will  en  j  :_  -e 

secliun  of  u.  by  lhe»o  iiMii^hinM. 

When  a  pump  t»  intended  to  raise  a  great  quantity  of  water  al  onc«  j 
is  mode  proponinnahly  Inrger,  and  is  moved  by  a  vf>ry  simple  trvad 
or  ratlwr  by  a  series  of  wooden  arms  pmjecling  frois   vanous  parts 
lenglbened  axle,  which  imparls  motion  lo  the  chain,  aa  repre^enlvd  in 
fifure. 


AT 
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These  arms  are  shaped  like  the  lettur  T,  and  the  up]M>r  side  of  ssdi  it 
made  gmoolh  for  the  foot  tc  roBt  on.  The  axle  iams  upim  two  iipri|{)i( 
pieces  of  Wood,  kept  steady  by  a  pole  stretched  across  theio.  Thtr  ma- 
ohitie  being  fixed,  men  ireiuling  upon  the  projecting  anns,  and  lupporung 
themselves  upon  the  beam  across  the  upri^iu,  comiuuiiicate  a  rotsjy  mo- 
tion to  the  chain,  the  pallets  attached  to  which  draw  tjp  u  constant  auil 
Mpioua  stream  of  wnier.  Another  mode  of  working  tlxMu,  which  ifiauD- 
ton  observed  only  «(  Chu-aan,  waa  by  yoking  a  bufliito,  urollit-r  animal, to 
a  large  horizontal   cog  wheel,  working   \nv  a   vertical  one,  tix«d   wi   xll« 
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iBine  shail  wiiH  the  wheel  thu  inip«rt9  motiun  to  the  cb&in.  u  represeta- 

ed  ia  figures  49«tui  54,'  The  deecriptiun  of  thin  machine  bv  Siaunton  ts 
■uniiar  lotbaL  pruviuualy  ^vcn  by  th<;  missionarioa.  and  tfacy  emimttrate  the 
vuiouf  mudes  of  urupvUmg  it  which  h«  has  mcmiotHid>  Uut  Nieuhofl*, 
widi  tiw  cliaractcnuic  ssguity  of  his  cuumrvmcn,  noticed  cither  these,  or 
M>M  other  iiiftchiiKis  for  the  sajuv  |)urpu&(;,  propuUvd  by  tcind.  When 
ffpcmkiag  of  liic  populoiu  city  of  C'auy«.-u,  imd  its  uovtroiis.  ho  observes, 
"  tb«y  boitst  likewiip  of  Utire  of  u-imjinills.  whoiM-  sails  arc  msdo  of  tnotfl. 
The  great  product  of  the  cauutry  coRiists  of  rice,  which  tlic  peasant 
jtaitdi  obliged  to  look  aAer  very  narrowly,  le«t  it  perish  uttoD  iliv  ground 
bytoomucn  noitture.  or  t'lo  much  heat  snd  droughL  The  wioUtuills, 
tber«fare.  are  to  dnitc  tmt  Mr  utt/rr  in  a  moist  ceaMn,  oiid  to  let  it  in  as 
thev  ihink  fit."  That  pari  of  the  coutiirv.  he  coiitiuues,  is  "full  of  such 
milU,"  Several  of  thetn  iire  represcuted  m  a  pliue,  but  without  showing 
(hepumps  moved  by  liiorii.* 

These  were  very  likely  to  elicit  the  notice  of  a  Dutcbnuui ;  for  draining 
mills,  worked  by  horses  and  wind,  have  been  uwd  in  Holland  since  lite 
1-tth  c^eDtury.  They  consisted  however  principally  of  the  noria  and 
chain  of  puta. 

It  19  uncertain  toim  the  chain  pump  was  first  employed  in  Kurope; 
whether  it  was  mode  known  by  Marco  Paulo,  Ibn  Baiuia,  or  subsei^uent 
travelers  in  China,  or  was  previously  developed  and  lotroduvcd  into  use, 
■odopcndently  of  any  infonuaiiou  I'rvm  abroad.  An  imperfect  machine  is 
doccribed  by  several  old  auihurs.  This  was  a  common  pump  log,  or 
wooden  cylinder  placed  perpendicularly  iu  awvU;  its  upper  end  r^cb- 
tog  above  the  level  to  which  die  water  was  to  be  raised,  and  having  a 
laturtl  spout,  OS  in  ordinary  pumps,  for  the  discharge.  A  j)ulley  vras  »• 
cured  lu  uutr  <iidc  ui'  die  \\>^  ninir  tlic  lower  orilicc,  and  a  drum  or  wheel 
aborv  the  upjwr  one.  One  end  of  a  rope  was  let  down  t)ie  cylinder,  and 
after  being  passed  over  tlic  pulley  wm  drawn  up  on  the  outside,  and  both 
onds  were  liien  spliced  or  united  over  the  drum.  To  this  rope,  a  number 
of  lenibcm  bags  or  stutfetJ  globular  cushions  were  secured  at  fx>gular  dis- 
tassces.  Tbeuiameber  of  each  wueijual  u>  tike  bore  of  the  cylinder,  ftibl 
were  nailed  aeroos  the  periphery  of  tiie  drum,  and  betwen  the^,  the 
cushions  were  so  arronjeu  as  to  ftdl,  in  order  to  prevent^ne  rope  from 
elippiDg.  When  the  drum  was  put  in  motioi:,  the  cu&hiooa  encered  lu  sue- 
ceemon  the  lower  orifice  of  the  pump,  (which  was  two  or  three  feel  below 
the  durfiicc  of  the  water,)  and  pushed  up  the  li<juld  before  them,  till  it  es> 
cap"'  ■'  '■■•'i''h  the  spouL 

of  this  deGcription  wer«  formerly  employed  in  mines;  chains 
of  ir"n  ti<.-<.i^'  substituted  for  the  ropes,  and  sometimes  globes  of  metal  in 
place  of  till!  cubhmns.  The  latser  are  figured  by  Kircbcr  ia  his  Mutidus 
Subtcrrat>eus,  Tom.  ii,  194.  Among  the  earliest  of  modem  authors 
who  have  described  these  pumps  is  A^ricoUu  Ho  has  given  five  dlfTer- 
tf»c  ilguiTS  of  tliem.  but  ihey  diflTt-r  merely  in  the  apparatus  for  working 
ibrm,  cK-onriJingto  the  poM-er  employed,  whctlierof  men,  unimolit,  or  water. 
Til  :g  cot.  No,  65  is  from  his  '  I>e  Re  Meiallica.'      It  exIuLilii  t«-o 

«'  vsofthc  lower  end  of  ilie  pump,  t^huwiiij;  tW  mode  of  attach- 

m.'  y,  and  thepanage  of  Uie  rope  and  cushions  over  it.    From  the 

tv-  ■•  of  the  chains  or  ropes  and  cushions,  to  Ute  rotary,  or  string 

of  beads  on  which  Rcmboh  catholics  couni  ilielr  prayen,  these  machines 


-ittm.  Vol  iii.  JDIi.    *  Dntikliis**  China.  Paris,  173S.  Tom.  n,  <W,  67- 
-t/fii>v't  Tntialauan  Lod    1073.  pp.31, d^ — uud  Hisioiie  Citrate.  Araslerdam, 
n»     r«B.viu.  31,84 
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became  known  u  *  Panrrmmier  pamps.'     For  the  Mine  Kuon  lim^  i 
n«ni«i  ChajKlcl  by  the  French,  in  nonmon  wiOi  iho  chain  of  jwi* 


Hd.  so,    CtwR  Vmmf  ttom  AfnoftU. 

The  ru^xt  author  \Hm)  di-scribes  thete  pumps,  thai  haii  fkllon  in  nur  way, 
ia  fi^cAOK.  Plate  60,  of  his  '  Theatre  Den  Innrumens,'  in  a  representation 
of  a  doulilo  unc.  Two  cylindeni  are  plncRd  panllel  In  each  other,  so  thu 
tlic  c)ittin  pasM!s  through  Koih.  It  is  shown  as  worked  by  ictnd.  A  rer 
tical  ihftA  \\-iili  EaiU  is  ftcctiird  under  the  dome  of  an  open  tower  ;  a  cog 
whc«l  On  the  lower  end  of  the  nhaft  nima  a  tnindle  or  pinion  M-biob  ia  fix- 
ed on  thi>  horiiontal  axle  of  the  drum,  thflt  carriee  the  chain.  7'hus,  when 
the  wind  turned  the  sails,  water  was  raised  throuch  one  of  tho  cylindon, 
and  when  tlieir  nKKton  was  rercnuyJ  by  change  of  the  wUid.ihe  liquid  wai 
elevftted  in  ih^other.  Instead  of  atnfled  cushions,  as  in  ilie  prtMiedibg 
figure,  pistnns,  rpaemblin;;  Bomowhat  those  of  fire  eugiiiea,  or  forciiig 
pwmn«.  I.  ft.  drtubic  cupped  leathcre  ore  shown,  (•  Ci^uHiet  Jbnd  eentrw 
/onn')  the  earliest  instance  of  ilicir  uac  tbm  we  have  noi  with.  Bfaeoo, 
who  apneara  to  chiim  the  addition  of  the  second  cylinder  lu  an  improve- 
meni  of  his  awn,  was  u  French  mathematician  tuiiJ  mechanician,  and 
spent  a  ffreat  pan  of  his  life  in  mechanical  researches ;  in  ihcj  proM- 
eudon  of  which  he  *-isilrd  foreign  oountries.  His  '  Theatre"  coniaini 
such  devices  us  he  collected  abroad  as  well  aa  ttiose  invented  by  himaelf. 
It  was  published  at  Lyons,  with  commentariea,  after  his  doceaae,  by 
Beroatd,  but  the  privile^  to  print  was  accorded  to  himaelf,  ten  years  pre- 
rious  to  the  date  of  'nx  publicatioR,  i.  e.  in  1566.* 

Kircher  also  fi;<^ms  tltc  chain  nump  with  two  cylindera.  The  tmpcr^ 
feet  mechanism  and  enormous  friction  of  tboae  old  tnachincs  conhnnl 
their  application  to  a  limited  exiem  in  Kurope  dvnog  the  16ib  and  17ifa 
centuries.  T)esagutier«  left  them  unnoticeu  ;  and  U  the  timu  Switvvr 
wrote  (1721))  ihpy  had  been  discontinued  in  En^and.  "  1  might  (hu  ob- 
serves) from  hotter  and  others,  hitvp  produced  almost  an  mfiniteuumbur 


■  Sayl».  in  hia  tlKtianiuy.  ny»  daniaU  wm  twrniy-iwo  ynan  of  ajrv  *i~f" 
«d  "Mno  rommsDtsTk*  mi  lh«  inechanie*  of  /ubm  Opmhi  :  \ni\  Mm  lr«4  -  .. 
hiafornuHi  that  wsv.  tvtwn  hi  ran  alter  tha  philMt^Mr'ii  ktom" 
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lor  drafts  </  engiiwnt,  whinh  tre  nlkced  uodor  the  terms  Budroinia  uid 

Utydrnicchnrma,  Ace.  the  Rni  8ifn»fy>ng  tlie  method*  of  raising  water  by 

['buckets;  AtiJ  ihi!  othtT  by  alohcft  or  hgures  of  uny  regular  shape,  fixed 

to  A  rope',  which  rnpe  being  iMtrned  at  each  end,  tnd  pBttsing  throuf^b  aa 

«l(n  ar  niher  pipe,  which  n?mch«^  {torn  the  hotTnni  of  a  well  la  the   height 

lo  which  the  water  is  tn  bo  mnvoyed,  brings  up  the  water  with  it;  but 

tbwehind  of  fiXipTinbei»ifOVH^''datf,  1  shall  passoTer  them."*     Belidop 

has  (Icicribcd  one  that  «iis  oiied  in  the  ship  yarda  and  dnoks  at  MarmiUo*. 

vvWb  i>  reprcMDUid  in  Ko.  66.     The  lower  pulley  was  dispensed  with  ; 

•ad  ihfl  lace  of  iha  pallets  or  pistons,  whiah  wRn>  hemispheres  of  wood, 

wm  laatbered.     It  was  worked  by  rwo  galley  slaves,  wao  were  relievwl 

■very  koar. 


Ha.W.   WdrrtMiiCbiiaPmp. 

Such  appffauD  to  have  be«n  the  general  conttructian  of  the  chain  pump 
fik  Europe,  until  an  increasing  lnU-r(!c>ufM>  with  the  Chinese  led  to  tno  io- 
tniduction  of  tb«  nutchine  as  inaile  by  that  pa>ople.  Tho  cr>-dit  of  this 
ii^  we  bvliere,  due  U)  tlie  Dutch.  Prom  tht^  peculinr  locntinn  nf  Holland 
with  regard  to  t)ie  sea,  hydraulic  engines  have  at  nil  titni^K  hm-n  of  t»o 
ranch  impDrtanct?  lo  liicnnc  tlie  exuiiiuation  of  her  iiitrllitji^iit  Ir«v«lers. 
But  it  |>erhap«  will  be  »sid,  lliere  is  no  eu«nlial  or  vi^ry  ubviou*  diiitJtictioa 
between  Uie  old  chain  pump  of  Europe  and  tliut  of  China  :  Hilmitring  llitf. 
Still  therv  tnuit  have  be«n  something  peculiai'  either  in  tlie  coutilriivlinn  or 
mnde  of  wnirking  Ute  laUer,  to  have  produced  llie  superior  resulu  ascrib- 
ed Ui  thtfrn;  and  to  liave  elicited  the  sdmiralion  of  the  Jesitiu  aud  all  the 
early  iravt-Vrs  in  China.  No  -iironger  proof  of  tlieJr  iuperiorlty  need  be 
adduced,  than  the  fad  of  their  being  carried  in  lite  17lli  century  from 
China  to  ^[anilla  by  tlw  Sfitwiards,  and  lo  Batavia  by  the  DuUA*  Hence 
they  wt^re  preTionsly  nnkiiown  in  thn*e  parts  of  Asia,  as  much  so  as  in 
Holland  «nd  Spain.  Navarretle  mentions  them  with  great  praise :  be 
thought  lhen>  wsa  not  a  better  invention  in  the  world  to  draw  water  from 
welU  and  tanks.*  And  Gamelli  (in  169fi]  describes  them  as  machines, 
which,  in  hie  opinion,  Chinese  ingenuity  alone  couki  invent.'  Monlanus 
m«atioi>et]  th*'m  as  nov«1,  He  describes  one  as  an  "  engine  made  of  four 
M|uar«  plank,  holding  grmt  store  of  water,  which   with  iroa  chaioi,  they 

•Itf^roeutieks.  313.  ^ UiAoin  G^u^rale,  Tom.  vHt, 81.   'Ibid.   <Ibid,Tum.*U.M7. 
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bale  op  likn  buokeU."*  How  such  intcUi^nt  men  u  tlie  Jenuto  undoqbi- 
cA\y  were,  could  use  sucb  langaBgv,  if  ui  afToclivt!  chain  pump  was  tliea 
kaown  in  Europe,  it  is  difficitU  to  conct- ive. 

Altbougli  the  Ctiirwve  pump  haa  bcmn  nwntioaed  hy  alt  traveler*,  no 
ooe  has  entorvd  suffirinntly  into  drtails,  to  enable  a  nierhsnic  to  reaLw  tin 
ootutrucbon  of  the  chain — raodo  of  fixing  tli«  pallcu — wbcre  tbojf  are 
■Uaobed  to  it,  (m  the  centre,  or  on  one  side,}— nor  how  thoy  are  tat- 
riod  ov«r  ihti  M'hc«U  or  rolU^nt.  One  cause  of  th«  etiperionty  of  these 
orifiDtsl  machiiies  over  those  of  Eurojie,  was  Uitr  small  degriw  nf  fnc- 
tiuii  from  llitf  rubbing  of  Uto  pallets,  when  [tussing  Uiruugfa  the  trunk ;  wood 
sliJin||(  rrtaJil^-  over  wood,  when  botli  are  wet:  anotlwr  was  the  acconoj 
with  wh;ch  ihi?  working  parts  wvre  [wule.  ThH  experience  of  agtn,  and  tbe 
immense  number  of  workmen  cunstAnllj  employed  in  (abncabng  th«n. 
through  every  part  of  the  empire, had  brought  them  to  great  perfection:  boi 
the  jxmfMm  in  which  they  are  worked,  also  contributed  to  tacvajv  the  quan- 
tity of  waK^r  raised  by  tluem,  for  except  in  particular  tocaUons,  they  ore  al- 
ways inclined  to  tlie  horizon,  as  shown  in  No.  64.  Now  it  has  bcm  tBoer- 
tained  tJiU  to  construct  and  use  &  chuu  pump  to  iho  best  advantage,  the  dis- 
tance between  the  pulh'ln  should  leei]ual  to  their  breadth,  and  the  inclriuiuon 
of  the  trunk  about  34*,  2]'.     When  thus  armngcd,  occordiii^  to  ijelidor.  tt 

Srodtices  a  roaximuia  effect.^  The  auilior  jusi  named  sp^dts  of  one  at 
trashur^h,  die  ciiain  of  which  was  made  of  wood,  which  being  light 
and  flexible,  was  very  efficient,  re<iuirinK  much  less  laborio  work  it  than 
those  in  which  the  chaini  were  iron.  This  leads  us  to  a  remark  which 
we  do  iioi  recollect  to  have  seen  in  any  English  work,  viz,  thai  in  nwwt 
if  not  in  all  the  Chinese  stnnller  pumps,  the  chains  are  of  that  materiaL 
One  of  them  is  thus  deMinhed  by  the  Jesuits  :  "  Une  machine  hydretilique, 
dont  le  jeu  cH  ausdi  simple  <jue  la  composition.  Bile  est  coinpo«6e  iTmr 
cAaiiie  at  boia,  ou  d'une  sorte  de  chapelet  de  petitcs  planches  qoDrr^M  dfl 
six  ou  sept  pouces,  qui  aoat  oomme  enfil^e  parallelemenc  a  d  ^gales  £»■ 
tances.     Cctte  choine  passe  dans  un  tube  quarr^,"  &c.' 

In  the  latUT  part  of  the  17ih  century,  chain  pimips  were  used  in 
British  men-of-war.  In  Dampier'a  Voyage  to  New  Uolliuid  in  tlie  '  Bm!- 
buck,'  a  national  vessel,  he  mentions  one.  This  ship  on  returning  home 
sprung  a  leak  near  ilie  Ulund  of  Ascension,  and  the  water  poured  in  so 
nst,  he  relates,  that  "  the  chain  pump  could  not  keep  bor  free — I  set  the 
handpKiHp  to  work  also,  and  by  ten  o'clock,  sucked  her — 1  wore  the  ship 
and  put  hftr  bcOiJ  lo  the  ftouthwsnl,  to  try  if  that  would  ease  her,  ood  on 
that  tack  liic  chain  pvmy  just  kept  her  free."  English  ships  of  war  now 
carry  four  of  tliosc  pumps,  und  ihreo  common  ones,  all  lixud  in  the  mm 
wbU  ;  whereas  it  would  app(.-ar  from  Dompicr.  tliat  tltey  had  furmorly  but 
one  of  each.  "  In  the  afWrnoon,  (ho  ohsorvcs.)  niv  men  wcrv  all  uraployed 
pumping  with  both  punips."  Shortly  afterwards  the  ship  foundered."  Th* 
veesL'Ifl  of  Columbus  were  furnished  witli  pumps;  and  so  were  those  of 
Hogslhaocs  ;  but  those  were  probably  ibe  common  imtminenla  reftrrad  to 
•hove  as  *  hand  pumps.** 

In  Danipiflr's  time  chaiu  pumps  wer«  very  imporfecL  The  clmin,  and 
the  wheel,  which  carried  it,  were  inaccurately  and  baJly  made ;  hence 
when  the  machine  was  worked,  the  fonn4.T  was  cumtantiy  liable  to  otip 
over  the  latter;  und  the  conseijucm  rioleut  jerks,  irom  tfa«  great  nc^r^ht 
of  the  water  on  the  pallets,  often  burst  tlie  cliain  njunder,  and   undi-r  cir- 


■  AUa*  Chineiuii,  iraiublcd  bv  Opivy, 

.  !^».    ■lli*ii>iii' (tl-itrr«l>>~  Tom.  till,  tS.  and  Duholda, 


^  An-h.  IIyilrBn!M|iic,  Tom   i.  f^Kt.     ■  1li*ittiii' (tt-oi 
Tob).  It,  6C     ''  IliiiiiplBr'*  VoTwe*,  Vol   iii,  J91.  193. 
'Irving'*  Colambaa  Vol  ii,  137,  sikI  Btimo^'*  Voysfss,  Vol  i,  lU. 
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cumMADcn  which  rcodcred  it  difficult  tod  •omedmes  irapo«a>b)«  to  repair 
il.  These  detecu.  which  in  toine  ciuoe  led  to  th«  losa  of  veasels  uid  o(  bo- 
nwo  life,  at  length  exciled  the  sKenuon  of  European  tnwhanioa,  and  io 
the  tbUowing  centnry,  numerous  projects  were  brought  forwurd  to  iin> 
prove  the  chain  pump,  or  Io  supersede  it.  In  1760.  Mr.  Abbot  invented  a 
ship  pump,  which  was  renresentud  as  of  a  very  aimpie  constntclion,  and 
whicn  threw  "  tivo  hundred  hogsheads  of  water  in  «  minute;  [!J  the 
handle  by  which  it  is  worked,  is  in  the  manner  oi'  a  cuimnon  winch, 
which  turns  with  the  utmost  faciiily  either  to  the  rieht  or  the  left."*  In  the 
fDllou-ing  year,  the  Stntes  of  Hoilstid  granted  to  M.  Liniere.  "  an  exclusive 
pnvdege  lor  twenty-five  yearn,  ("or  s  pump,  which  upon  trial  oa  board  a 
Dutch  nian-of-wiir,  and  in  th«  [irenencp  tif  the  coin  mission  em  of  the  ad* 
miraliy,  heiiig  worke*!  by  three  men,  raised  from  a  depth  of  Iwenly-two 
feet,  four  toiM  of  wnter  in  n  miiuite,  thai  is,  240  tons  of  water  in  an  liour."^ 
In  176S,  Mr.  Cole  introduced  some  coiinidtriibte  improvements  in  English 
ship  pump*.  All  experiment  made  in  that  year  is  very  interesting,  as  it 
shows  the  im|>erfeciii>ns  of  the  old  ones,  Specially  the  enormous  amount 
oSJrictiim  to  which  they  were  subject.  "  Lately,  a  chain  pump  on  a  new 
construction  was  tried  on  board  his  Maje»ty's  ship  Seaford,  in  Block 
House  Hole,  which  gave  great  saiisfacnon.  There  were  present.  Admiral 
S«r  John  Moore,  a  number  of  sea  oElicers  and  a  great  many  spectators. 
The  event  of  the  trial  stands  thus  : 


The  iVrw  Pump,  Mr.  Coir"*  : 
Four  men  pumped  out  one  ton  of 

Wafer  in  43^  seconds. 
TW  men  pum|N»d  out  one  ton  in 

Ad  Eeconda'" 


TAf  Old  Pump  : 
Seven  men  pumped  out  one   ton 

in  76  seconds. 
Four  men   pumpod  oat  one  too 

in  i>t>  seconds. 
Two  men  couUl  not  move  it."' 


The  chain  in  Cole's  pump  was  rnaite  Lite  a  watch  chain,  or  those  which 
communicate  motion  tw  the  pistons  of  ordinary  fire  engines,  i.  e.  every 
other  link  was  fonned  of  two  plates  of  iron,  whose  ends  lapped  over 
those  of  a  single  one,  and  secured  by  a  bolt  at  each  end.  These  holts 
formed  a  joint  on  which  Uiey  moved;  but  instead  of  their  ends  being 
riveled,  one  was  formed  into  a  button  head,  and  b  slit  made  through  the 
other,  for  the  admisnion  of  airing  key,  so  that  they  could  be  taken  out 
at  pleasure.  By  tht»  device,  whenever  a  link  or  boll  wils  broken  or  worn 
out,  another  one,  from  a  »t'.ire  of  ihem  kept  on  hand  for  the  purpose,  could 
he  supplied  in  a  few  moinunls.  In  some  experiments,  the  chain  was  pur^ 
poaely  separated,  uud  dropped  into  the  well  in  a  ship's  iiuld,  whence  it 
was  taken  up,  repaired,  and  the  pump  again  set  to  work  in  two  niinutca. 
Chains  simiUr  to  tliese  had  been  previously  employed  by  Mr.  Mylne  in 
tbepumpt  that  raised  the  water  from  the  cuiesons  at  Black  Friars  Bndgv. 

The  pistons  were  formed  of  two  plates  of  brass  or  iron,  having  a.  disk  of 
thick  lather  bctweeo  them,  of  the  some  diameter  ac  tlie  bore  of  the  pump. 
The  edges  of  the  leathers,  when  wet,  do  not  bear  hard  against  tliesidesof 
the  pump  ;  indeed  it  u  not  necessary  that  they  should  even  toudi ;  for  the 
water  that  escapes  past  one,  is  received  into  the  neM  compartment  below ; 
uid  when  a  rapid  motion  is  imparted  10  tlie  pistons,  the  inertia  of  the  raov- 
ma  column  prevents  in  a  great  measure  anv  iVom  deaceiidiitg.  The  wheel 
which  cimcs  the  chain  is  generally  made  like  the  trundles  in  mdls,  vis. 
two  ihin  iron  disks  or  rings  arc  secured  about  eight  or  nine  inches  apart, 
upon  (ho  axU?.  and  are  united  by  several  bolts  a:  their  circumference.    The 


■  Laiuloa  Msfaaisa  Ibr  1760,  p.  aai.    •  IbU.  1783.  p.  383.    *Ibid.  176e.p.  IflBi 
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distance  hctwran  ihtMC  bnlu  1*  luch  tJiU  th»  ptstons  (all  In  bvtwc 
tlu»ni,  iind   »n;  carried   wrand  Ly  tliem.     Sometime*  hovron'r,  tlw  lin 
fcuve    buokd,   wliich    take   hoW   of  ti»  bolu.      A    lower  wbiwl  t 
<ii>pei»etl  witb,  and  the  end  of  the  pump   itliglitly  curved   towordt  t| 
de«CNnding  chain,  to   fecilitaie   the   entrance  of  the  ptsti>u«.     Th<r«p 
chirw*  ftre  generally  wcirkod  in   ship*  oT  war  by  m^atiB  of  a   long  cr 
aitnchi^d  to   the  axle,  at  w}iich   a  number  of  mon  can  wctrk.     Id  •otoe  v« 
(hIh  ttiey  are  moved  by  a  capstHn.*     Th«  pump  cylinders  are  uf  irun, 
■miititimeft  of  braia,  ibe  latter  bmD|;  bicloaea  within  aikd  proteCtwd  by' 
woodun  onea. 


/ 


/ 


ftftST.    Chm  tnmf  la  Ifcn  D.  a  Ifclp  lrf«|iialwni 

For  the  fnllATring  fuels  oonnectod  with  the  luo  of  the  chain  pump  in 
the  TJiiiied  Sratea  Nsry,  wo  are  indebted  to  Mr.  Hart,  Naval  Constructor 
in  the  New- York  Na*-y  Yard.  The  first  Un'iii'd  Stales  atiip  of  w»f, 
which  had  one,  wn*  (he  *  hotton'  built  at  Boston,  in  I79&.  Mr.  Hfl 
father  made  the  pump.  The  ch<un  wa«  formed  of  commnti  oit  chl 
and  the  whofi  which  carried  it  was  of  wood,  having  foAed  pic'ccsofir 
driven  into  it*  periphery,  between  which  the  chain  was  received  :  the 
ioder*  were  common  pump  loga  of  six  inehcs  borR.  This  impc-rfect 
chino  wan  replaced  the  following  year,  by  one  formed  aflcr  a  Frei 
model,  the  chain  acd  cylinders  being  of  copper.  In  1802,  iJio  Fngaie 
Mtitttian  hail  two  similar  ones  placed  in  her  ;  and  aliout  the  same 
they  were  a«lopted  in  other  public  ve9!<eLi ;  htjt  in  the  courn!  of  a 
yean  were  discontinued  generallv,  either  from  ihf  prejudicv  of 
aeamen,  or  from  the  iacr«>s«cl  labor  and  expense  of  rvpatring  the 
tona.     In  ordinary  pomps,  a  single  box  or  piaton  only,  has  u>  be  re-li 

•"nM  TMMlf  .<    ''         :><MDf  ripcili'     .  It  by  \i\f  Bniiabailminl:' 

coRMiMful  nr  ('.  ij  i)i«ir  ■■>.  i>tp>l  to  Rorti  ty  tbat'i 

tb*  iiUlirmwD -I -I  uiufr  m. .    j-i-iil'^   ttiuu  Ihc  rrsnlt.  vf  u)  , 

•onJ  Uboi      '  Nurttire  of  Va«uv>  tn  otiilnn  the  iborw  gf  ATnca,  AnUiM  i 
IMBar.  Ill  IS31.'  Vol  i.  p.  \A    NVufk  Ed   1^33. 
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«red ;  but  in  the  cbun  pump,  from  thirty  eo  fifty  have  lo  be  renewed 
whan  worn  out.  Tbo  cbsan  pumps  tu  lite  Uriii^  eloop  of  war  Cjfone 
were  taken  out  wbon  shu  wu  captured,  uid  corudod  pumps  pui  in 
ibeir  plac«.  Becontly  ■  cbuigc  of  opiniuu  rospecting  ibese  pumps  bas 
taken  place,  for  witbui  a.  few  y«ars  tboy  liavo  ui  a  limited  extant  been  re- 
introduced into  iho  navy.  In  1837,  tbu  IndepaidoKC  wae  furtiisbed  with 
tvo  of  them ;  <uid  in  1838,  tbc  »um()  number  vrero  placed  in  tbe  Ohio: 
both  Teasels  still  reuiin  the  ordinary  pumps. 

A  description  of  one  of  tboee  on  board  tbu  Indopondenoe,  wbieh  is  now 
liaing  for  sea  in  tbi«  harbor,  will  gire  a  correct  idua  of  them  all.    See  No.  67. 

Two  copper  cylinders,  seven  toclies  diameter,  und  il1}oui  twenty-two 
feet  long,  eatead  from  the  surface  of  ihe  main  ^un-deck  to  the  well.  Tho 
one  in  which  tiie  chain  Jctmsci*,  is  continufd  ten  or  twelve  inchf^t  above 
tbe  deck  to  prevent  tbe  water  that  is  raised,  from  reluming  ibrough  it 
a^o  to  the  welL  A  horizontal  wrought  iron  sha(\  tit  placed  oetween  the 
cyKnder*  and  sopported  by  a  stout  fmme  on  which  its  journals  turiu  On 
tbifl  Kbaft.aitroDg  cast  iron  wheel,  two  (eei  in  diiimet<>r,  i«serured,  having 
tw^ve  ORBS  radiating  lilte  tbe  spokes  of  a  carriage  wheel  from  the  hub.  A 
(No.  67)  repreoents  two  of  these  arms  with  a  ftortion  of  the  shaA.  A  re- 
e<M  ifl  Ktrmed  at  the  extremities  to  receive  die  chain,  and  prevent  it  from 
slipping  off  on  either  side.  Fig».  1  and  2.  rpprewut  the  links.  They  are 
<£  copper,  seven  inches  long,  noe  and  a  halt' inch  wide,  and  one  quarter 
qfan  inr.h  thick,  and  arc  similar  to  thoae  in  Colo's  pumpn.  Tbe  polleuor 
ptsians  are  (brmed  on  iho  middle  of  every  alternate  link ;  lliat  is,  on  those 
which  are  made  of  a  sinijlc  piece.  A  careular  plaui  about  a  <]uarier  of  an 
inch  dtick.  ia  caat  (aoe  lig.  1.)  of  a  diameter  rather  less  iJian  the  bore  of 
tbe  cylinders.  Another  loose  plaie  of  tbe  same  dimensiuns  (iig.  3.)  has 
an  opening  in  its  ceotrci  to  allow  it  to  pass  over  the  link  and  lay  upon  tbe 
other.  Brlween  ibesu,  a  liisk  of  lcailii?r  is  introduced,  i.e.  a  circular 
pwce  Just  like  Bg.  3,  but  of  a  diamutor  equal  in  the  bore  of  the  cylinder. 
This  is  first  placed  on  the  tixiKl  pbte  in  lig,  I,  ihon  (i^.  3  is  laid  over  it, 
■od  lo  seciirv  the  whole,  a  kcv  or  wedge  in  dnvun  tbrongh  a  slit  in  tbe 
bnk,  jtut  above  tfao  turince  ot  fig.  3,  and  thus  comprL'Sdcs  the  loaiber  be- 
tween them.  When  thv  pumps  are  uBod,  long  cranks  aro  apiiliml  to  each 
end  of  the  elioA.  so  lliat  fiileen  ot  twenty  men  con  be  eogageo  at  the  same 
time  in  working  tbem.  In  the  IndtymdeiKe,  these  crnnks  extend  acroe«  the 
deck,  and  thereby  interrupt  the  passage  way.  Thpy  should  in  all  public 
veaaeU  be  arranged,  if  pu«siblc,  '  fore  and  afk.*  The  arrows  show  ibe  di- 
reetjott  of  the  chain. 

The  tatrodoctinn  of  the  chain  pump  into  ships  tg  probably  di»e  lo  the 
Cbinea*,  as  they  imc  It  in  their  sea  jniiks;  and  it  is  not  likely  that  this  ap- 
pticadon  of  it  \s  of  recent  date  among  ihcni."  The  )-<irly  missionariea 
tbAOght  that  buckets  only  worn  employed  in  raising  hitgo  wairr  from 
tb«  botds.  tt  is  not  much  used  Wf^  bcliovo  in  ihc  French  na%-y.  In  the 
DieXinniiaire  da  Trcvnux,  it  is  named  the  Eni^luA  ptimp. 

The  Chinese  chain  pump  w&'t  introdun-d  ;nto  the  United  States  by 
Andrf-  Evcriird  Van  Braam,  who  was  several  years  chief  of  the  I>ateh 
East  India  Company  in  China,  and  who  settled  in  South  Carolina  at  the 
close  of  the  revolutionary  War.  In  1794,  he  was  appointed  second  in  the 
Dutch  embassy  to  Pckin.  and  in  17U6.  he  returned  and  settled  neerPtitln- 
delphia.  In  his  account  of  the  embassy,  a  translation  of  which  was  puh- 
hahvA  »l  London  in  179S,  and  dedicated  by  him  to  Oeneral  Washington, 
a&d  to  which  we  have  heretofore  referred — be   remarks,  speaking  of  the 
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ChineoQ  pantpi.  "  1  have  inimdiicod  the  use  of  rhc-m  into  the  United 
Stateit  of  Amt^nca,  wltere  ihcy  lire  of  grrmt  utility  in  rireri,  in  wtme- 
(iiiencfi  of  ihc  liltle  ta.bor  they  require."  (Vnl.  i.  74.)  We  we  not  ii\nre 
tliai  lbe_v  are  tnucli  aaed  in  tni«  country  at  ihe  present  time.  Tlw  chain 
pump  is  employed  in  the  diaiminrl  districts  of  Br&ztt.  M.  Mftwe,  in  hii 
Trkveb,  has  li^red  and  descnlied  it  u  lined  there.  It  }tM  alsa  been  r^ 
eemly  introduced  inm  Egypt,  where  it  is  more  likely  to  become  dotm- 
ctliatt'd,  than  the  aimosphenc  and  fnrcing'  pump,  which  B<^1t!oni  (ntdeavximl 
to  vuin  to  efttahlish  :  although  St.  John  aecmB  to  Uiiok  even  it  i*  ruber 
too  complex  for  the  prcaont  slate  of  the  muchBoie  arts  in  thn  Und  of  the 
fharoohs.  "  Windmills  for  raising  water,  and  chain  pumpi,  have  hean 
i&trudaced  into  K^ypc ;  hut  as  those  are  machines  which  re<{uira  eocno  T«> 
g«rd  to  iJic  ]>rincij)!cs  of  good  workmansliip,  they  are  liy  no  roeuis  fiued 
tor  general  ute."     Kgypt  und  Muhunimed  Ali,  vol.  i,  11. 

The  chain  pump,  as  well  us  the  screw,  nurio,  eluun  of  pots,  tec  hss 
been  adopted  u*  u  tln^t  mover.  Placeil  perpendicularly  on  tlie  side  of  a 
preetptoe,  or  wherever  a  small  stn-am  oi"  wou-r  ciin  be  eimveycd  into  in 
upper  orifice,  and  can  cseapi;  from  its  lower  one,  thr  motion  of  the  chain 
ia  reversed  by  the  weight  of  the  lifjuid  eolumn  acting  on  the  pisians.  A 
wheel  similar  to  the  upper  one  i»  fixed  below,  over  which  the  chain  alM 
poaeoa ;  and  from  the  axle  of  either  wheel  the  power  may  he  taken.  A 
patent  Ibr  this  upplicauon  of  the  ohaio  pump  waa  gr&nted  to  EngUivd. 
m  1784. 

There  is  another  device  of  the  Chinese,  which  ia  worthy  of  imilstioo ; 
Uld  considering  the  increased  aecurity  it  offers  to  floatinj^  property,  and. 
the  additional  sai'ety  of  the  lives  of  navigators,  it  is  surpriime  that  it '  ^ 
not  buun  adapted  by  Americans  and  Europeana — viz.  llio  din^iun  of 
holds  of  ships  by  water-tight  partitions.  The  Chinese  divide  the  bol 
of  thuir  9ca  vessels  into  about  a  dn«en  distinct  compartments  with  m 
fllank;  und  the  soama  arc  caulked  with  a  cement  composed  of  lime, 
and  the  scinpings  of  bamboo.  This  com|K)sibon  renders  them  lin| 
vioun  to  water,  iind  is  greatly  preferable  to  pilch,  Tar  and  Uilluw,  sinee 
said  to  be  inecimbiisublc.  This  division  of  their  vessels  wcrns  Ui  hi 
been  welt  experienced  ;  for  the  practice  is  univei-Nul  throughout  the 
pire.  Hence  it  sometimes  happens  tliat  one  merchant  has  his  f!ooda,j 
conveyed  in  one  division,  while  those  of  another,  suffer  consii 
tnage  from  a  Ic&k  in  die  compartmeiu  in  whi(;h  they  are  placed, 
may  strike  against  a  rock  und  yet  not  sink,  for  the  water  cniering  by 
fracture  will  be  confined  to  the  division  where  the  injury  occurs.  To 
adoption  of  a  similar  plan  in  European  or  American  merclianimen. 
the  opposition  of  popular  prejudice  and  the  increased  expeiiw.  an  obj 
tion  might  ariso  from  the  reduction  it  would  occanon  in  the  r|uinttly 
freight,  and  the  increased  difficulty  of  stowing  bulky  aiticleB.     It 

to  be  considered  how  &r  these  objection!)  ought  to  prevail  agotnat    

greater  security  of  the  vessel,  crew  and  cargo.     At  any  rate,  auch  oliiiee^ 
Uona  do  not  apply  to  ahips  of  war.  in  which  to  carry  very  heavy  burdsi 
ia  not  an  object  of  consideniuon.     Staunton's  Embaasy,  vol.  ti.  136. 
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CHAPTER    XVMI. 

Da  iW  far^nwlto  nnki  of  (ba  ndtnl  inlMtaluU  of  AHmrv :  rupuMlou  •/ AaUwie— Pnrociir  «f  llw 
BraoMh  ia*kdm~-0ulijf><«  <4  uifitiH  hTdraukr  itark*  MvnMlaf— Aiiii*ducu  mt  tb*  Tult«»— Aaelant 
■•(teaa  •■>*— Umuim  •uf|tl>iid  ■lib  valor  br  fiifM— Talac*  of  Mutuiiw*  f^fcctJoH  tX  MmIcm 
■«rt>  !■  ■■wla  Cwlw — MiitkM  la  aatanBi  Hatien— Jfydnslln  vM^i — FnuDUlBi  anil  ]at>  dVau^ No- 
na Md  Mkar  ■a«lilB  la — faUinan  i  Hi  aqiiailacia,  klorDiclfpbH*.  A^i. — Wnlli  in  BBUiaot  *mA  Bailini 
twMi-Kafcia  of  AwKar  aeaa.  and  trardlnoa*  of  lb  lodiaBi.  Hrilniikc  wotia  of  tba  Panriaoa; 
C— ■>  ilWMn  l»  JUT  HlMirtly  «<•  tb«  fatty  lDcaa~A4ii«da<u  aed  raMrvoi»— RMuabluce  AT 
l^nttan  md  B(7pU»a  ttwa  Cnxilaian  Cirlhmloa  la  PaTii  bafbra  iba  iimca  of  tlia  Ibcib— Olaau 
r — Watla—SWpaalaa)  aitaMliKU,  nod  oUiAt  naaaliwata— AUballpa—PuUayt— CuWnii  vf  (old  and  Mi- 
i  •••  ta  (b*  b— w»  at  tba  lMa»— T*i«[riu  and  pxlaiu  aapjiliad  bjr  ytpaa  Taniib  al  Cbk»  .  Iti  waur- 
fmt  I— iilli    gwBiri>Maw4  elolb— Maooo  C^mc. 

It  hu  hwn  B  aubjccc  of  ra^Tvt,  that  wo  have  bocii  untble  u>  obtain  uj 
specific  Infurmiition,  ropocDng  th«  emplo^mcoi  of  machicM  to  raiM 
water  ud  Uie  American  cuatinvnts.  pref  ioua  to  the  vutt  of  Eurupfuii  in 
cbe  l&tb  *nd  16th  ccuiurief.  An<l  yut  there  can.  we  think,  be  kcorcely  * 
doubt,  that  in  those  cuuntne*  where  c-iviliutiun  and  the  arit  hod  made 
considerable  progreii»,  a*  renj.  Chili.  Guatiniala,  and  Mexico.  »uch  ma- 
dines  had  loDg  been  in  u-se.  I'nlorlunalel^,  accounts  of  those  countries 
by  early  European  writers,  contain  iittle  else  than  details  of  the  sucreH- 
fal  "riUany  of  those  sarage  adventurers,  wlio,  under  the  cloak  of  reUffion, 
and  by  the  most  revolting  perfidy,  robbed  the  natives  of  tJieir  indepen- 
dence, their  property,  and  myriads  of  them  of  their  lives. 

It  is  inipoiMibip  to  reriect  on  the  great  population  of  ancient  AnaJiuac — • 
the  progress  which  the  natives  liad  made  in  the  art* — ihe  separation  of 
trades  »nd  pn>reKsion»^their  eKteosive  manufacturvs-^thu  splendor  of 
tbeir  buildin(»»^thHir  Uw«— ihe  rich  produce  of  their  highly  cultivated 
6rld»^thH  freedcmi  and  prosperity  of  ihu  republic*  of  TiascJila,  ainl  thy 
comparative  general  liappinufs  of  the  inhabitant*;  witft  (lie  ultrr  df«ola- 
titm  brought  on  them  anj  their  country  by  the  Spiiiiardh^wUhoiil  feeling 
emutious  of  unmiligalml  indijinatioii.  No  onii  cuti  rend  nven  Strlu,  the 
advocate  nf  Ctirlex  and  thtf  polliator  of  his  ounducl.  witiiout  lieing  thrilled 
wiiJi  horror  at  the  uniform  treachery,  cruelty,  and  blasphemy  of  that  man. 
His  watchword  of '  the  Holy  Ghost.'  while  sisuKbierins;  ilie  natives  on  one 
occ«3ioQ  like  sheep,  conveys  but  an  imperfect  idea  of  tiin  ferocity  and  in- 
diderence  10  tbeir  sufferings,  ainl  uf  the  disguatine  afFectalion  of  promonnff 
Rhristianity.  under  which  he  pretended  to  act.  'Religion,'  say8r>oli5, '  w«« 
aJways  his  pnnripal  care,'  The  Spaniards  affected  to  shudder  at  the  san* 
gQiitary  ginh  of  the  Mexicam.  which  required  human  sacrificeB — while 
fAey  immoiated  tn  cold  blood,  hecatombs  of  the  natives  to  llie  demons 
diey  ihemselviH  worshipped — viz.  afarier  and  r^mnuM^-unlil  the  land 
was  fllbtd  with  slauf^ter,  and  whitened  with  xhn  bancs  of  their  victims. 
It  ia  Mid,  that  "  in  scvcnieeu  years,  they  destroyed  above  six  millions 
of  ll»em."  No  riMnancv  ever  equalled  in  horror  the  Irngcdies  per- 
fomioii  by  Almngro,  Valdivia,  Cortex  and  Pizarro— and  yet  these  men 
hava  b«H>n  held  up  as  examples  of  bernimn,  and  our  youth  have  been 
taufiu  tt'  admim,  and  of  course  to  emulate  '  the  glory  of  Cortex/ 

»  is  morv  than   probable  thst  the   peoiile,  who,   in   remote  limeji.  in- 
habited the  Miatbem  continunt  and  Alexico,  remain»  of  Mxae  o(  >nVom! 
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worlu.  rivkl  in  nngnitiule  those  of  Eg^t  uk)  Indis,  *aA  nmsy  rt 
Uiem,  (the  roids  uid  aqoadactn  particiiUrly,)  t>i)uallu(l  in  ulilil;^  ibr 
noblest  works  of  Greece  ami    Rome     were  not   wiilioui  tijrdniulic  *■>■ 

goes;  and  hul  dp8cnf>tiun!i  oT  them  been  pre»rrv<d,  lh«^  wnald  bat* 
miahed  more  intcreslinu,  and  perhaps  miirr  crftaht  datA,  rexpiH-iiu];  tb* 
peopling  of  AmBric*.  and  of  the  on^ii  of  lYa-  Toltec  and  Astc«  nwi, 
thui  »nj  olhrr*  derived  frum  the  U«euil  art*.  From  the  Hnaloi^y  (^: —  ■- 
botwoHn  w>mp  of  the  arU,  miuinen),  and  cuntonrij  of  the  nncienl  p( 
Mexico  and  South  America,  ami  thoae  ofAma,  we  miglit  »uppo»e  iiii.t  u-r 
•wftfie,  bucket  and  wiiidlaas,  norio,  and  cliain  of  pou,  ^na  perhapi  tlit 
chain  pump  were  kiwwn  to  them;  bulof  thia  we  have  met  with  ou  diml 
proof.  Were  iho  fajct  oitablufaed,  tlul  Uie^  were  iu  poueMton  of  (bne 
machines,  it  would  greallv  lend  lit  prove  flieir  Axialie  origin  bi  poMr 
diluvinn  [imcs  ;  while  on  the  other  band,  if  lacking  thesr.  they  had  eUetl 
peculiar  to  themselves,  tnifh  a  fact  would  be  oni'  of  tlie  mo«l  teterestinf 
cirainutaQC4*s  coniiccTed  with  the  early  history  of  these  t^ontioents  ;  uia 
might  be  adduced  in  mmain  the  bypotnenii  of  ihow  who  evn»ider  this 
hcmt«pbere  as  having  Imh-u  niiinli^rnijitpilly  occupied  by  jri«n,  from  ttoiei 
anterior  to  Noah's  flood  ;  and  conseipicnrly  many  nf  the  tnac^ibee,  art*. 
and  productions  of  the  inhabitanU  iieculiar  tr>  tluinrn-lies. 

Ttie  Tollecfl,  we  are  informed,  introiluced  ih*;  cultivation  of  rtiaixe  am] 
cotton  ;  they  built  cities,  toiuie  rottdsi,  and  couJiLruclcd  t^Mtete  frvM  pyramid* 
which  are  yet  nilmired ;  aiKl  of  whieh  the  facea  are  very  accnnUolv  Laid 
out ;  thev  eouhl  found  mdols,  and  cut  (he  luirdesi  stone — they  knew  t^ 
uae  of  hiero^lyphicnl  patntini;,  and  they  had  a  solar  year,  mora  perfarj 
than  that  of  (he  Groekis  and  ttomiuis.  "  Few  naliotu  (saya  TtumboUt) 
moved  such  great  maMes  as  were  tuoired  by  the  Mexicans,"  prrviffl  nf 
which  are  atill  found  among  the  ruins  of  their  lumplca.  Tbe  cnlea^ 
Mone,  and  ihc  sacrifice  stone,  in  the  great  aqaare  at  Mexico,  cnnlaininc 
-282  and  MS  cuhic  feec;  a  cnrvcd  slone  dup  up,  which  was  upwanUe? 
22 feel  iu  length,  10  fuel  in  breadth,  and  about  10  deep — are  example*:  anil 
the  colosaal  alalue  of  (lie  Goddess  Trot/tjoatiyw,  i*  atiolher."  i  la 

more  to  our  j)Ur|KKi\  remains  of  A4t'tiic<T»,  of  surj>rL*iiig  am:  >    .ind 

workmaudbip,  are  found  throughout  Chili,  Mexico,  nnJ  Peru. 

Nor  had  tJiese  art5  Wen  lost  at  the  period  of  tlie  SjiAiiisb  invaaion.  At 
that  time,  agriculture,  artificial  irrigation,  and  many  o(herof  the  mecJuuio 
art«,  especially  those  which  relate  to  the  metals,  appear  to  have  lieeo  is 
>  more  adTinced  state,  than  they  have  ever  been  in  Spain,  daring  aey 
BuEvequent  period.  When  (irijalva  and  his  cnmpanionx  landt-d  in  Vec^ 
tan,  (in  1518)  they  were  aatoaished  a(  the  cultivation  of  the  fitrlds,  and  Uia 
beauty  of  the  ediheea  as  well  as  at  the  oniamentii,  &c.  in  gold,  which  th« 
natives  pnuexscd,  the  value  of  the  workmanship  often  '  exavMmg  thiU  ^ 
tk*.  m(Uil.'  Tlascala,  (says  Solis.)  was  at  that  period.  "  a  very  popnlo«is 
city  ;"  the  houses  were  bailtof  slone  and  brick,  Uieir  roofs  were  Bia  aiwl 
surrounded  widi  cilleries.  The  Tloscalans,  says  Ilerrem,  had  luktbs.  \tatt- 
ers,  nwAfuunlaiiia,  ond  whcDcver  a  new  house  was  finished,  thev  had  ftaall 
and  dancing,  A:o.  like  iho  Aoftae  iMrmn^of  old  in  Europe,  bvpry  bouse 
in  Zempoaln  ^ad  a  garden  inM  wn/er.  Andent  vMi  ore  still  in  use  in 
Mexico,  wtne  of  vhich  are  two  and  three  hundred  feet  in  deptih.  WaBv 
ifl  drawn  from  ihem  to  irrigate  the  xmL 

The  city  of  Clkolula  wu  looted  in  a  dehghiJiil  plain ;  ir  concaineJ 
SO.OOO  inhabitaots,  and  the  Btlinber  in  ita  niburhs  was  greater.      The 


■Olafigammjrs,  Mlnnnsof  stoasofono  pieca,  ft)  fni  Inu,  andSO  Tsaib  si; 
|t>iiaca.  were  uuunnliii  liuw.  intbt  wli6«««  ufMkttUa.    InejLkra,  V*|.  i,  4S0. 
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Spunards  eotnpared  it  to  Vftlladolid  for  its  beauty  and  magntfieeDce. 
h  Wfu  B  ^mt  I'mjionuin  oTmorchsiMltflo.  Stinnprra  from  distanipkru  of 
the  rnntintrnt  Hocked  to  it.  SoIJi  a»ys.  ihu  sitlvu  were  widtt  and  woll  laid 
em;  tli«  hatUlm^  largvr  and  of  betltr  arohiLccture  tlmnthoM!  of  TIaacala, 

ar-'  *'■ 't:'.liitaiit»  wen>  princiiMilly  merelttuiu  and   mechanics.     Cort«s 

liir  r  vtvu^niig  thia  dxy,  Uitjs  »p^aka  of  it  in  a  letter  m  Charl(^fl  V. 

"'l'[i>'  iiiruii'iiaiiu  arc  1irllt<r  clothed  than  any  we  have  hitlierto  seen.  Pen- 
in  t-'aoy  cin:uin»tance!i  wear  cloalu  above  ihuir  drt-aa ;  Huae  clooka 
from  thoM  of  Africa,  for  cli«y  have  nockeis,  though  the  ctit,  cloth 
fHogea  w  thrt  samo.  The  unviroiM  of  thr  city  arc  very  fertile  and 
'irtiU  eultivalfld.  vVlmoet  a/i  ihe  fidtit  otay  be  waifTed ;  and  the  city  ta 
ttnrA  moft  hcnutiful  tkam  oUtAoie  in  Spa4n  ;  for  it  ia  well  fortifind.  and 
built  on  lovcl  groand.  1  can  sasuntyour  htghncse.  ihai  from  tiur  top  of  a 
moaqtie  (tctnpk*)  1  n>ckonf.-d  mora  than  four  hundred  tawvrs,  all  of  modi(|uea. 
Thti  number  of  inhabitants  is  so  miAt  that  thtrrc  \a  not  an  inch  of  ground 
oncultiruted."  When  th<;  Spaniardit  ruoched  Tuzcucu,  thiiy  found  it  45 
large  sgaia  oj  Soviltv.  It  rivallod  in  ^nndear  and  extent  Mexico  itself, 
and  was  of  a  much  moro  •nrit^'nt  dat«  than  that  capital.  Herrera  aaya, 
ths  streets  were  very  regular,  and  thatjrtah  teater  tetu  brouj^kt  tm  rtras 
frecD  tfce  tnotintaiiu  to  terra  kotue.  The  principal  front  of  the  baitdin^a 
emended  on  the  horden  of  a  ipaojoas  lake,  where  thr  causeway  that  led 
to  Mexico  began.  It  wai  irom  thia  cau««way,  which  wsa  built  of  acone 
and  titiie,  that  tlie  Spaniardii  firnt  beheld  the  oiMant  capital,  with  iu  towori 
•ad  pimaeles  in  the  midst  of  the  UktM  and  on  the  8th  November,  IAI9, 
Cortea  and  his  uiyrmidona  entered  that  ciiy,  which  then  contained  a  great* 
tr  populniion  than  New-Vnrk  does  at  present ;  for  it  had  between  three 
tM  four  liiiiidrcd  thousand  inhabitants. 

When  the  SpeniardH  rnterpd  th«  ^les,  through  a  bulwark  of  stono 
aspportoil  by  cBxtlp»,  ibey  bohflld  a  *parious  «tre«i  with  hnuttes  uniformly 
built,  and  ihu  windows  and  baltl^menis  filled  »*Tth  spt^ctalora.  They 
wore  rvceivud  into  one  of  Mot^jnima'a  hntinfls,  which  bad  been  built  by 
bn  ftthor.  This  buildin",  SoUh  rvmarkii,  vied  in  extent,  with  the  principu 
palaces  of  emperors  in  Kuropu ;  and  had  tlio  appearance  of  a  fonresi, 
with  thick  £tonti  walla  and  towers  upon  llie  flanka.  The  streets  of  the  city 
wore  sinught,  as  if  drawn  by  a  line  ;  and  the  pablje  buildings,  and  house* 
of  the  nobiliir.  which  madil  op  the  grealeat  part  of  the  city,  wcroiif  gtoae 
and  well  built.  Tbv  palace  of  Mntcxuma  waa  so  largo  a  pile  thaa  it 
opvned  with  thirty  gates  into  aa  many  different  stiweu.  The  priadpal 
mint  tixik  up  onr  entire  side  of  a  »pscious  parade,  and  was  of  bla^ft,  red 
and  white  jafptr,  well  polished.  Over  the  gates  were  the  arms  or  sym- 
bol -<'4  of  ^totcmma  or  lu.1  predecesiors,  viz.  a  griffin,  facing  half 
ar  i  hnlf  a  linn  :  the  wing4  extended  and  hoUling  a  tiger  in  lU 
taluiM.  The  roufi)  of  tJic  building  were  of  ryprcas,  cedar,  and  other 
odoriferous  wuods.  and  were  ornamented  with  oarvinga  of  "different 
lbliagii*s  and  relieroa."  But  wirhoiit  referring  to  the  ^lendor  of  this  on- 
fnrtunate  lanitarch's  rnurt,  his  hixurious  mode  of  living.  hU  treasures,  the 
ctuiir  of  burnished  gold  in  whirh  he  was  carried  to  mc^t  Cortcz,  the  jew- 
els of  gold,  pearls,  and  preciou^  stones,  thai  adorned  his  pnrson  and  those 
of  kis  alt»>n<uinM,  and  the  "  thoca  of  homniered  goW,"  thiu  were  bound  to 
Ilia  feet  and  \pz%  with  «irnp»,  like  the  Hntniin  military  :uiiiAidA ;  it  wilt  bo 
aufScient  to  noboe  the  market  of  the  city  for  the  sale  of  niurchandtse,  in 
order  to  r»rali?.e  a  inlnnilily  correct  idea  flf  the  stale  of  thil  arts  among  the 
MexicAm.  Nothing  «xciied  the  -Arpnse  of  the  Spaniards  lo  much  aA 
Una  market — U^th  oa  regarded  the  niianlily,  variety,  and  i]uali|y  of  the 
goods  lold.  and  the  order  wbicli  prevailed. 
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Tb«  Mexican  vrvrkt  of  goU  anil  lilver.  tent  by  Cone*  Ut  niarI<-<,V 
nay*  Clavigpro.  "  tilled   tlie  paldsRiirb*   of   Europe   vr'ith   wt 
" Sotne  oj' tnem  were  inimitable."     Among  niherfi,  lirre  wereyj:..., 
KHlebaliernatelyof  gold  and  Bilver — a  parrot  with  morwUe  heafl,  '• 
a»d  ieaig» — kd  spe  witb  moveable  head  and  icet,  and   having  a  i|»tiu<c 
in  its  haiid,  in  tba  altitude  of  bpinning.     Vol.  i,  413. 

Cottcz,  in  a  leilor  lo  <'barl<!a  V.  dated  Or.ti))>i'r  11^30,  says,  "thcmoHtM 
place  is  [wicc  at  Xargn  us  that  of  Seville  uud  ^urmundrd  witb  aq  imiDMie 
portico,  under  wbicli  ore  cxpoMxl  far  sale  a]l  sorts  of  murcbnndiHo 
Ij1(M,  oniumunu  madr  of  gold,  eilvor,  lead,  peufter,  precious  sK^nt**.   i 
»betU,  and  feathers ;  dtrlft  wortr,  lirathor,  and  spun  coUoa.     V 
Biniie,  tile;s  and  timber  lit  for  building.     Tbon:  are  Uktu'*  for  <^  <. 
lor   rouu   and  giirdi'n  fruils.     Tlicrc  arc  houses  whuu  borbars  t,u<^- 
liead,  (with  ruKi^rs  iiiud*>  of  obsidian,)  and  there  art  hnusei  rcsroibti         i 
apodtecary  ihojis,  wh«rv   prepared  ntediciiieii,  un^uitnu,  and  plaaters  art 
sold.     The  market  abounds  with  ao  ntnuy  things,  tliat  I  am  unaltle  to  ni 
tliem   all  lo  your  highnpsB.     To  avoid  conltision.  evj'ry  species  of 
ctuuMJis'.*  ifc  flold  in  a  separate  tone.     Every  thing  is  «old  by  thf  yard, 
nu.'swiru)  bql  iHilhing  has  hilhertn  been  leen  lo  be  wcigheu  in  the  mm 
In  tho  rniJst  of  tht-  gruat  sipiare,  is  a  hoiiw,  which  I  shall  call  fat 
to  wliich  U'U  ortwulvv  persons  sit  conuandy  for  detpmiinin^  any  dispu^ 
which  may  aniM>  respecting  the  sole  ai'  goods.     There   ore  other  i 
who  mix  continually  with  the  crowd,  to  see  that  a  just  price  19 
Wc  fa«vo  seen  ihem  break  the  folec  iDeasures.  which  ibey  bod  seized 
th*  nK'rcbaoU." 

Solis  ha«  recorded  some  lacts,  which  arc  too  intervsling  to  mechanics  to 
be   omictad.      "There  were  rows  of  silvers  mi  liis.   u  bo  sold  jewels  uxL 
chains   of  extraordinary  tiulimn  ;*  several  figures  of  beasts   m   giild 
silver,  wfught  with  no  murh  nrt,  as  raised  the  wunder  of  our   onifioHi; 
particularly  some  skiUeu  with   moving  handles,  Ma/  irere  10  cxui ;  brtii 
other  works  of  the  some  kind,  wnh  mouldings  aiMl   relievo*,  without 
•ign«   tif  a  hammer  or  graver.**     Herrurn,  sipeoking  of  these,    ulisrr 
"some  rhings  were  cast,  and  others  wrought  wiili   sioiws,  to  iuch  pet 
tion,  that  many  of  them  have  surprised  the  ableat  goldsmidii  in  Spain. 
they  could  never  conceive  bow  they  had  been  made  :  there  being  tui 
of  a  hammer,  or  an  engraver,  or   any  odier  iitstrument   used  by  ti>e. 
They  brought  to  the  fair,  (continues  Solia)  all  the  difTerenl  sorts  of  clc 
mode  throughout  this  vast  empire,  of  cotton  OJid  rabbits'  fur.  which 
womdnpf  this  country,  enemies  to  idlencsfi,  spun  extremely  line,  Itotng  v< 
dexterouB  m  this  manufacture.     They  hod  also  drinking  cups  exquisin 
made  of  tlie  finest  earth,  different  in  color,  and  even  in  sinull ;  and  of  tfal 
kiml,  they  hod  all  sorts  of  vesaols,  necessary  either  fur  the  sarviov  and  or- 
uunvnt  of  a  home. 


*  Th«*r.  ntiirli  wrn  worn  fnuixl  th«  Ui»rk.  nrtv  doiilMlriu  utiiiWr  Itt   ihuu  known  U 
Pitannui  (JUini;   mIiicIi  (.■eiluinW  miv   exltmoiiiinaiy  ••|K<rtiiii>it>  of  wotknuii»lii[i      Tli*^ 

lunv  K>tri"ii(n<?>  b?  met  with  M  vor  jew«Il«».  who  buy  ilirtii  I'ur  lliv  ptiritv  uf  1)1 '  ■ 

It  !■  i^i<t  that  the  iDodu  of  nHking  them  bw  never  btai  diMoveivd.  wi>l  n 
■ovrui  '•  '111!  )>r>^*crvF<t  ainon^  the  liMian*  ot  Panama.     W«hav«  examitiail  on-.' 
r«uie  (torn  Vanii»gpn»,  thp  lenfclh  of  uluch,  had  ir  )>r«n  rut.  wu  tifht  ff~«l  twn  .i>  l.<  - 
lla  wH'ltaii,  wlitch  Wat  hrxafnnal,  d"!  not  nirM-il  nnn  ln«tilielJi  of  an  mr)i  in  ilui:  i> 
II  »«»  riirnifri  uf  ouH  or  uinfrfinp  wm*'.    ■    .  ■  iu'd  I<i  l««»e  been  hi  ■       ■  -n  n-J 

like  <hi<  plitiinf  of  a  whiji  liMiJIe.     V\    ■  ■   ilire^d   wri»»i»i.  ni'nv 

trupi>,iiHa>r«iini]  t»hi-c»iii]>oradaf  W'^. 1  wirot,  «h>'l' "  ■ 

1)   j)«r«»ptil'lt>  U>  our  nnaid»l  M<it>n      Tn«  weijrM  of  iti«   1 

waiflib.  simI  Ii  S|<iiMfc<l  to  l>«  oh  flndtte  lu  h  pinec  of  tw- >         <  <   <  _ 

tkinuif  ehflin  fanned  <if  links.    Nn  sndoTa  wlrawnUbrdsiectul.  utd  Ukit*  ^snicla  ' 
of  (olden  «ru  iiMid 


;iuq>.  18. 1 


AMcimt  AqtuJmtti, 


1E3 


Na  one  can  doabt.  tlut  a  people,  chiu  &r  advanced  in  civilizatioo 
ind  the  UBcrut  art?,  w«ro  in  pos^CMion  of  machintrs  of  some  kind  or 
tthcr  for  raisin?  vrater.  Indeed  ihe  location  and  great  population  of 
oine  of  their  tiiien  required  n  fiinnliar  kntiwledge  of  hyumultc  opera- 
inna  lo  supply  them  with  water;  Rn<)  heiioe  it  woaid  seem  as  if  they  had 
inltivaied  inis  depnrlmMit  ni'  ih^  arLi  equally  with  other»,  for  aome  of 
heir  luiiiediicis  would  have  done  honor  to  Greece  and  Romo-  Nearly  aU 
Jie  anriiTH  rules  of  Mexico  were  supplied  hy  them.  We  have  alreuly 
vmurked  thtit  Tlaacala  was  fumiaheii  with  abundance  of  hatha  end  foun- 
ains — that  every  hmise  in  Zcmpoala  had  water — thai  Tezeucu  had 
LO  aqueduct,  from  which  every  dwelling  was  supplied  £y  a  jnpf,  aa 
n  modern  cities;  and  we  may  add,  Iztaclaps,  which  contained  about  ten 
housuid  honaea,  had  its  aiiucduct  that  conveyed  water  from  ilie  neighbor- 
&)(  mountBins,  atvd  led  it  throagh  a  great  numher  of  well  caltivateu  Kar-- 
leaa.  In  ihc  cip.-  of  Mexico,  ihurc  wore  soveral  aquftdacta.  That  of  Cha- 
fidteptr.  was  the  work  of  Motezuma,  and  alHu  Oic  vast  etono  roMrvuir 
roonecif  d  with  it.  When  the  «)p>aniard3  besieged  the  city  llicy  destroyed 
iui  aqueduct.  Cortex  in  his  nrsl  letter  to  Charles  V.  montious  the  spring 
Df  Amilco,  near  Cburuhuaco.  of  which  the  waters  were  conveyed  to  tha 
rity  "  in  two  large  pipes,  well  moulded  ernd  as  hard  a^  stone,  but  the  wa- 
rr  ncrer  ran  in  more  llMn  one  of  them  at  the  aamo  time."  Wc  still  per- 
eeire,  says  Hnmholdi.  the  remnins  of  this  great  aqueduct,  which  was  con- 
itmciied  with  double  pipes,  one  of  which  received  the  water,  while  they 
irere  employed  in  cleansing  the  other ;  but  diis  aqueduct,  ho  says,  was  in- 
erior  u>  the  one  at  'f  ezcuco :  of  it,  he  observes,  "  wb  slill  admire  the 
noes  of  a  great  mound,  which  was  constnictRd  to  heighten  ilie  level  of 
ihe  water."  The  gardens  of  Motexuma  were  also  adorned  and  nourish- 
id  with  streams  and^/nusranif,  and  appear  to  have  rivalled  those  of  Asiauo 
BMnarcha  in  mlendor.  And  among  the  hieroglyphical  ornaments  of  the 
iVTMnid  of  Xochiealco,  are  heads  of  crocodiles  gpmiting  walrr,  a  proof 
Bit  ancient  Americana  wcra  aequaJntod  with  that  property  of  liquida 
yy  which  they  find  their  levul :  and  applied  it  not  merely  to  founmiiui 
miieU  d'eau,  but  to  convey  water  through  jMpa  to  their  dwellings. 

We  camiot  reflect  on  the  progress  which  the  ancient  mbabitama  of 
ilexico  hail  made  in  the  arts,  and  thti  magnitude  and  cxeeltence  of  sotne 
of  ibeir  hydraulic  workx,  without  rogretting  that  nu  particular  accounts  of 
their  deviceii  foe  raimtg  water  have  been  preaervwl.  Of  one  thing  how- 
rver,  we  may  be  suro.  that  no  people  ever  uonscrocteil  auoh  works  aa  they 
did,  {or  the  irrigation  of  land,  and  the  supply  of  dries,  who  had  not  prc- 
vi»o«lv  f'Xf>eni-nrtfd  the  inefficiency  of  machmea  for  those  purposes;  nor 
roiil'  -iciilture  have  b<*oi)  carried  to  the  exieut  it  was,  without  th* 

ud    <  r>  timi^H  of  droiighi^. 

'  The  inarhine*  called  aoruix  {tinyA  Humholdl)  ore  essential  toMexicao 
igriculture.'*  Does  it  not  follow  then  thai  these,  or  others  for  the  some 
fiirpo*c,  were  equally'  euential,  belore  the  conqitesi,  when  the  population 
cooniry  was  ao  much  greater,  and  agricukiire  more  extensively 
'I  Then?  is  no  duuirt,  he  obscTVus,  that  all  the  country  from  tho 
Papaloapan  "  was  better  inhabited  and  better  cultivated  Uian  it  now 
The  B%^-apr  (guimlieletle)  is  quite  common  in   Mexico.     It  is  there 

_d  «•  hi  this  couniry  for  raising  water  from  wells  of  moderate  depth.    A 

lend  jnn  rolumcd  from  a  tour  in  Texas,  itiforms  ua,  that  among  the 
'ooabaltie  tribe  uf  Indiana  on  the  Trinity  river,  and  in  all  the  settlements, 
'hadwr  Indtaa,  Creole,  or  mnderu   Mexican  ;  hi  populous  villages   or  at 
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•oHtary  wi^fw&in*,  the  *  vrtA\  pole'  or  «w»pa  a  slinott  ai^rmva  to  he 

In  welts  ftf  considerable  depth,  the  pulley  vA  AotMtt  canin  with 
baeketfl  %r«  adopted  ;  nnd  the  chain  of  pou  uul  noris  are  exteiuiTL>l^ 
in  nising  water  for  trrigiuion.  being;  moved,  04  in  ^pKin.  hy  oxen  or  mui 
A»  these  ar»  the  only  devion  for  nistng  wftter  thai  ore  now  io  umi, 
cept  thi*  comtoon  pump  tn  a  rery  UmttKi  extent*  and  the  orditurjr  mode 
of  drawing  it  from  mines,  by  buckets  worked  by  animals,  tbequestioQ  ne- 
CUTS,  wf<rf>  they  or  any  of  tnem  in  use  previoua  to  the  oonqiiest  1  Tbe 
pump  excepted,  we  should  suppose  they  were  ;  but  as  before  remarked, 
wn  have  no  direct  evidence  tn  estahlijih  the  fact.  As  the  Mexicans  were 
collected  in  villaj^a  and  arRURmined  to  cultivate  tbe  soil,  at  least  400  ^reara 
before  the  comioest.  and  HubMMjuent  to  that  evcni,  the  great  mau  of  the 
larmera  have  bc«n  and  are  Indians,  who  adhere  with  "  extraordinary  ob- 
stinacy" IO  iho  custi:iitiA  of  their  ancestors,  it  soetns  natural  to  suppose  thai 
they  Qtke  the  agricullursi  classes  of  all  other  countries)  would  retain  aona 
of  U)0  old  modes  of  raisins  water ;  but  as  those  above  named  are  said  to 
tlie  »jt/v  nncs  pmrtisfd,  i[  is  probable  that  some  of  them  at  least  wi 
known  to  the  inhabitants  of  old. 

F'alvnquc  is  about  thirty  miles  from  Tobaaoo.  It  is  surrounded  by 
dcns«  forests,  nnd  overgrown  with  the  vegetation  of  past  ages.  Of  iu 
founders  and  inhabitants  nothing  is  known,  nor  yet  of  the  period  when 
they  flourished.  The  remains  of  this  city  have  been  traced  over  an  ex- 
tent of  heenttf-four  m'tlea,  and  consisL  of  massive  edt&oes,  of  a  oovcl  and 
very  obaste  s^le  of  ardiitoottire.  Those  are  accurately  laid  out  to  the 
(bar  eardinal  point*  of  the  compaas.  and  are  built  of  hewn  stotM*.  There 
are  temples,  palaces,  and  tombs  ornamented  with  the  nchesi  sculptures 
unii  btu  reli>>ffl,  extenmve  excavanons,  vabtermnean  passages,  badges, 
dikes.  AarBuotrrs,  he.  all  indicative  of  a  powerful  and  highly  eiviliaed 
people.  Dupaix  and  his  rompanioRs,  who  were  sent  out  in  I80fi  by 
Charles  IV  of  Spain,  to  examine  and  report  on  theae  baildings.  aftor 
throe  woeks  intense  labor  in  cultine  down  trees  which  grew  over  them, 
wer*^'  enabled  to  examine  fifteen  ediRces.  which  elicited  uieir  wonder  and 
admiration.  Mr.  Waldeek,  a  late  traveler,  who  has  spent  severs]  yean 
in  exafflining  anl  cnllDCtini;  evidences  of  early  American  eivilicatinn.'euC 
down  a  ITvt,  (that  was  growing  over  an  ancient  building  at  Fatcnque)  the 
eoneanlnc  circles  in  a  section  of  which,  indicuied  a  growth  of  S73  yeara ! 
Bat  how  many  eeniuries  had  elapsed  fruio  tlie  ruin  and  desertion  of  tbe 
eitv,  aiMJ  for  the  accumulation  of  soil  over  \l,  UK  this  Iroe  took  root,  can 
only  be  conjcrcurcd.  The  sculptures  on  the  walls  are  surprisingly  \ict- 
feet,  and  among  them  are  hieroglyphics  which  are  supposed  tn  have  pho- 
netic power.  iVlen  and  women  are  represented  clothed  in  firontd  gar- 
ments, indicating  the  manulacture  of  flowered  stuffs;  and  vnnotts  renea 
which  have  been  disinterred,  as  toys,  vesseb*.  omameoia  of  dreas.  ice. 
pnive  considermble  progress  in  other  branches  of  the  useful  arts.  But  ex- 
wntive  as  dicee  mins  ore.  and  pregnanl  with  information  of  thriDing  in- 
terest, PakotpKt  is  like  Mitla,  tnc  partner  of  its  glory  and  of  its  degrada- 
tion, a  '  city  of  the  dead.'  Not  a  voioe  is  heard  in  it,  or  around  it,  but  the 
hbsin^  nf  serpents,  the  btnsin^  of  iaaeets,  the  gibbering  of  monkeys,  and 
ihu  Bcrecching  of  wild  birds. 

Tliere  is  one  cirrumstance  respecting  the  ancient  cities  and   paople 
Yucatan  which  relates  to  our  subject,  that  is  deserving  of  auontinn.     ll 
thi»— from  the  geographical  poaition  and  physical  features  of  the  coo 
WIXL*  have  aiwaiia  been  of  prihart  importance.     Uunng  the  great 
part  of  the  year  the  inhabiianis  have  no  other  roaource  for  fmsb  w 
and  tills  must  iteeessariiy  have  been  the  cas«,  ever  since  the  presoa* 
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«inxatiM  of  thvso  oondnento  took  placw.  In  tboae  remote  ages,  ihen, 
durini;  wfairb  ttu?  cminiry  w<u  occupied  bjr  a  niinierou*  ftiid  nvilized  peo- 
ple, w«))>  miut  hive  b«vn  very  roTnmon  ;  snd  u  they  ore  not,  like  struc- 
lureK  «reoUKl  on  th»  iiiirfaae,  nibject  to  decay,  or  obnoxious  to  destruction, 
tk<«  ditcpvery  and  «x«imna(»nc  of  *oine  of  (hem  is  greatly  to  be  desired. 
WVi  run  tell  what  stores  of  u^anre  are  burJed  in  tbeni ;  wBaI  spcdmens  of 
«rt;  what  mfant  for  tj-w:ine  die  history,  aod  also  the  revolutione,  through 
wliicb  the  anrtrnt  jTijiik  of  AnM^ric*  havq  pined;  thoir  origin.  progrt>98, 
utd  dUapjit^ntnce  I  If  Pideni|ur  and  its  sister  cities  were  deatroyod  by 
war,  Uieii  it  v  altncMt  certain  that  thii  inhnhiiants  would  have  recourse  to 
wella  fat  Un*  sM-rriion  ttf  (heir  trvuximt,  lx>th  public  and  private;  a  prac- 
tice that  Um  bt-vn  followed  in  %\\  a^vtuttl  by  all  pvoplv, 

RelicN  uf  furmer  »(;•*«,  wiiirh  bave  l»wfn  fmiiid  (more  or  less  mtmeroas) 
over  boti)  contiiienlM,  uit-ontf-Ktibly  prove  ibut  civijisoJ  peojile  HounehM 
here  lu  former  ap-n;  and  th«t  they  and  their  prti^ny  have  di-appoared, 
u  if  by  tome  ^neral  aod  sudden  calamity  th«T  luul  beun  sweirt  otT  the 
ataee  of  life,  lo  a  man.  It  would  teem  too,u  if  a  long  punod  of  deathlike 
■bllneM  had  succeeded,  (like  chat  after  iha  dvlugv)  so  tbat  all  knowkdgu 
of  them  had  perished,  when  another  race  appMrvd  aiid  took  posMMian 
cf  the  soil.  These  were  the  ancestors  of  too  present  Indians,  who,  in 
thrir  Com  are  rapidly  becoming  exciocu  witJiout  our  being  able  lu  tell  who 
ibry  w«re,  Mrfaeoce  they  came,  or  urhfrn  they  first  made  their  appeamnoe. 
We  %w  no  rea«on  to  doiibc  their  tradicign  respecting  the  groat  Megalonyx 
aod  Mastodon  of  the  western  prairies,  having  beeo  contemporary  with  their 
ioreiatliers,  since  the  diccover^'  of  tite  bones  of  these  aiuraaU  corroborate  in 
some  de^ret?  the  truth  of  it.  Nor  is  n  at  all  improbable  that  their  ac- 
otrunta  ot  the  vorncious  and  enormous  Piavd.  *  the  bird  that  devoure  men,' 
IS  fitbulous ;  a  figure  nf  which  is  cut  on  the  face  of  a  smooth  and  perpen- 
dicalar  rock,  at  an  elevation  which  no  human  art  can  now  reach ;  near  the 
mouth  uf  a  small  stremm,  named  the  PiasA,  which  enters  the  Mississippi 
betwevn  Alton  and  tJw  mouth  of  the  LUinois.  tiee  Family  Mag.  1837, 
VoL  i»,  101.  * 


0«  TMK  BTDIUOI.IC  ANH  OTHKa  WORKS  OF  THB  A.fCIEWT  PE«m.U«S. 

Maliaa,  in  his  '  Natural  and  civil  History  of  CAtU,'  observes  that  pnivioua 
lo  tJbe  tnvaaiufi  of  the  SpanuirxU,  the  natives  practised  artificial  irrigation,  by 
conveying  water  from  the  higher  grounds  in  canals  to  their  fields.  Hemtra 
•ays.  many  of  th«  valet  were  exceedingly  populous  and  well  cultivated, 
'  having  creuches  of  water.*  The  Pcruviun»  carried  the  system  to  a  great 
«xtetiL  "  How  must  we  admire  (says  Humbifldi)  the  industry  and  activity 
<lispUye<d  by  the  ancient  Mexicans  and  Peruvians  in  the  irri(,-ation  of  arid 
lands  !  In  the  m-iriLime  partA  of  Peru,  1  have  eeeti  tiie  remains  of  walls, 
altMttr  whirh  water  was  conducted  for  a  space  of  from  5  to  GOOO  mMf«s, 
f''  ''  't  of  ihe  Coililleras  to  iJie  coasL     The  conquerors  of  the  16Th 

f^  -rroywd   Oiese  ai{uedMCli>.  and   that  pari  of  Peru   has  become, 

I-*  1  desart,  destitute  of  vegetation,     ouch  is  iho  civilization  onr- 

r>>  i'^iirupeans  among  a  people,  whom   diey  are  pleased   to   call 

bantaroiw-""  These  people  bad  lawi  for  the  prutuctiun  of  «*ater,  very 
•milftT  to  tfaoso  of  trreece.  Home,  Sc'vpt,  and  all  the  older  naiinna ;  for 
ibuse  wiw  convci^ed  water  (rum  the  ciuuJa  to  their  own  land  before  their 
mm,  wore  liable  lo  arbitrary  punishmenL  S«veriilof  iho  ancient  Amer- 
■aut  custoois  respecting   water,  wer«  identical  with  those  of  the  oldest 
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riAtioR).  Tliey  baried  rcaseld  of  water  with  the  dimd.*  Tht  Men'etM 
worahippcd  it.''  Thr  PenivUns  Kftcrtfi<TCil  ui  nvers  tad  fountain*.*  Tki 
MexiciLns  had  TJaioe  their  god  of  watcr.^  Hnly  wfttcr  vns  k<>pt  in  tli»ii 
trmplfs."  Thi'y  pniciiAfd  divinutinn  l>j  water/  The  Pi;nj»-wuw  ittv 
thpir  drinking  water  from  ukkv  vrBLI.M  and  for  irrigalion  id  tinted  tit 
drought,  thpy  drew  it  from  tiooU,  and  Uke»,  and  rivf?rs. 

The  aiinari  of  the  world  do  not  furnish  brighter  exnmplea  of  national 
bcnirvnlciirf.   ihnn  the   early   hidtory   of  Peru.       Tlie  wan  of  the  laCai 
were  neither  designed  nor  carried  on,  to  gralify  ambilinn  or  the  !u«i  nT  i    j 
qiie«t.  but  tn  extend   tn  the   bnitaliiu^d    people  by  whom   ibey  wen       .- 
rounded,  the  advantages  of  civilized  hfc ;  to  imrfldi>ce  svriculiurr  aiid  all 
its  attending  blessings,  among  hordes  of  Bavaget,  that  were   funk   in  (he 
lowest  depths  of  bestiality.     But  that  whirh  sheds  a   peculiar   glor- 
the  anelnni   Peruvians,  was  their  sysu?nia(ic  and  persevering  effi    i 
achieve  their  eoni|ue§t9  without  tlio  ufHuion  of  blood,     Id  reading  tiioir 
history,  the  mimi  is  not  only  relieved   from  thosu  horrible  details   of  car- 
nage tliat  constitutes  &o  prominent  a  pan  in  the  bisioric  pages  of  other  kS' 
tions,  but  the  most  agreeable  emotions  ore  excited  by  the  beneroUiit  and 
generally  sueccK«ful  endeavors  of  ibis  people,  lo  overcome  their  fues  by 
reason— by  exhibiting  lo  them  the  advantages  of  regulated  socielv,  and  by 
invitations  to  embrace  them.     Tbie  policy  was  in   accordance  with  tbe  in- 
junctions of  tbeir  first  king.  who«p  precepts  they  greatly  reverenced.     He 
taught  them  in  overcome  tbeir  enemies  "  by  love — by  Me  romcr  o/'  hf»f- 
Jiu."  and  hence  wc   find  that   when   they   were   successful,  they    neither 
robbed  the  inhabiutntH  of  their  land,  their   liberty,  nor  their  lives  but  used 
tlietr  influence  and  superior  knowledge  to  ameliorate  their  condition.    And 
wht-n  thuse  eflVirl*  failed,  and  active  warfare  was  the   onlv  resoiiri-c  thr-y. 
nonscions   of  the    wickedness  of   conijuering  men  by   tneir    ■' 
and  that  thoAe   eould   never  he  good  subject*  who  'obeyed 
uniformly  bt^siegeil  them,  till  the  falter  herame  convinced  of  their  uvm  mo- 
hilily  to  resist,  ajid  of  the   policy  of  acceding  to   the   terms  of  their  pow- 
erful invaders. 

[n  this  manner  the  *  children  of  the  sun'  extended  their  ennquesia  over 
a  large  pert  of  the  southern  continent ;  and  in  nn  part  of  the  world  were 
provinces  mora  loyal,  or  a  people  more  attached  to  their  institutions  and 
to  their  princes;  nor  was  tnure  ever  a  people  more  humane.  The  con- 
duct of  some  of  the  incas,  when  at  the  hood  of  their  armies,  in  endur- 
ing the  taunts  and  aeofis  of  their  ignorant  and  imbecile  fnea  with  phdn- 
sophie  forbearance,  is  truly  admirable,  and  might  be  contrasted  with  that  i 
chrintian  wnrriors;  but  then  their  object  was  not  to  acquire  fame  by 
destruction  of  their  species,  but  to  l>enefit  ihcm,  even  at  the  risk  of  rbei" 
reputation.  If  ever  oftensive  wars  were  justifiable,  those  of  the  early 
incas  certainly  were,  since  their  object  was  the  extension  nf  human  hap- 

fines*,  nrwl  which  they  nirried  on  in  a  corresponding  spirit  of  hiimaoit 
D  neither  sncred  nor  pnilnne  hinlorj*  can  such  examples  be  found. 
Agnciiliurc  was  (he  first  object  to   which   their  attention   was  dircctc 
hence  we  find  engineers  and  oilier  anist.i  immediatnlv  sent  into  the  ml 
coutiiries,  nr  taiher,  among  their  new  fnend«.  to  mtroduce  the  arta 

Slou^'htni^  and  etiltivating  the  soil.  &e.  And  aa  large  trans  of  land  were 
estiluie  of  vegetation  fi>r  xrata  of  teater,  mention  is  constantly  mode  of 
AiiUEOiJirTs  and  RiutKRVOiaa  among  the  earliest  of  works  undertaken.  In 
somo  districts,  run  waa.  and  still  is.  unknown.     "  For  the  apace  of  aevBB 
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hurulrrd  Img^uca  tloD^  tira  coast  (say*  GsrciUsso)  it  did  n«ver  raio.'* 
Contrivance*  to  obtain  and  distribulft  water,  vvert"  flitrrefore,  wich  the  in- 
cma  u  with  the  early  king*  uf  i''g}'I»i  tlict  must  imjiurtuiiL  aj)d  constant  ob> 
jects  t>f  their  care.  Nar  doe*  it  appear  tljat  iht^  K^vptiaiis  wurc  looro 
Kftiiduooa  in  this  kind  of  labur  thaij  the  f>eople  nf  Peru.  BiLampEos  are 
mtintioned  of  the  latter  having  conveyed  »iiaU  nireaius  llirough  a  spsce 
of  sixty  miles,  to  irrigate  a  few  acre*  of  land. 

Tbcn>  arc  sereral  points  nf  respmbUnce  between  tlieve  two  p««fpl« ; 
•ome  of  which  are  to  be  KUributed  In  both  countries  buiug,  in  u  grvot 
meuure,  destitute  o^*  rain.  The  first  iitica,  like  Osirla,  taught  the  iiiTtabi- 
tmnts  to  cultivate  the  IbjkI  ;  to  con&lruct  rcscrvoiri  and  aqueductjt ;  ii>  make 
ploughs,  harro^TS,  and  shoes  for  ihcir  awn  frct^-such  Hlioei,  Nays  Qui'ct- 
lajao,  *M  they  now  wear.'  The  wife  of  Manco  CM|>ac,  like  Xma,  taught 
she  woi&en  to  spin,  to  weave,  and  to  make  their  own  gmrmenls.  Some 
"their  fublet,  too,  resemble  th<)BC  of  the  Efyptiana  respecting  Uis.  Ac< 
tnording'  to  one,  "  the  makor  of  nil  things  placed  in  liearen  u  virgin,  the 
daughter  of  a  king.  Adding  a  bucket  oftctUer  lit  Aer  Aaatl,  for  the  refresh* 
ment  of  the  earth."  Both  people  erected  stupendous  slnictures  and  ata- 
tne*  of  cut  and  polished  stftno.  which  they  wrought  without  iron ;  both 
shaved  the  head,  and  both  embalmed  the  Jead. 

Aa  we  have  no  where  met  with  any  distinrt  notice  of,  or  even  aJlt»ion 
tn,  any  Peruvian  machine  for  raijuig  water,  we  innerc  some  notices  of  their 
wells  and  aqueducts,  Stc.  frotn  Garcilosao's  "  lloya]  Commentaries  of 
Peru."  The  reader  can  then  judge,  whether  a  people  who  devised  and 
constructed  hydraulic  wnrtu  nf  iromonae  mo^iiode  for  the  diatribution 
of  water,  were  without  some  machines  for  rauing  it ;  and  especially, 
when,  at  c<;rtain  seasons,  they  obtained  it  from  deep  wells.  The  inca 
GanUauo  Jr  la  Vtga,  watt  a  unlive  of  Cuaen.  Hi»  mother  was  a  Peru- 
vian priiicciM ;  but  his  father,  w)ii>«e  name  he  bore,  was  one  of  the  Spanish 
conquerors,  lie  was  Irorn  (he  informs  un)  eii^hl  yeara  aAer  the  Spaniards 
became  masters  of  the  country,  i.  e,  in  the  year  l.'t39,  and  was  editcatitd 
by  bis  mother  and  her  relatives,  in  the  Indian  manner,  till  he  was  twenty 
years  old.  In  1560  he  was  aeni  to  Spain,  where  he  m-ote  liis  Commen- 
tiries.  These  were  translated  into  English  by  Sir  Paul  Ricaut,  atid  pub- 
Ushed  in  one  volume,  folio,  London,  ICHH. 

There  is  reason  to  believe  ihai  Peru,  Chili,  and  other  parts  of  the 
aouthem  continent,  were  inhabited  by  a  refined,  or  partially  refined  peo- 
1^,  centuries  before  the  time  of  JVtanco  Capac,  the  Hrst  inoa ;  and  that  a 
'otig  period  of  barbarism  had  intervened,  induced,  perhaps,  by  revolutions 
similar  to  thoao  which,  in  the  old  world,  swept  ail  the  once  celebrated 
tuiiions  of  antiquity  into  oblivion.  The  ancient  Peruvians  bad  a  tradition 
re*periing  the  arrival  of  ^nt:«,  who  located  ihcmselvcs  on  the  coast,  and 
v/ho  Aw  WELi-fi  of  immeiu«  dupth  thrrntgh  tie  wHd  ruck  ;  which  wells, 
u  well  ax  ciSTcnNH,  still  remain.  When  Mayta  Capiic.  the  fi>imh  inca, 
reduced  iha  province  of  Tialnmnacu.  hi"  found  cMilossal  pyramids  and  othor 
iiructurea,  with  giganii?  aiatues,  iifwhiiHe  authors  nr  uses,  eays  Garcilonso, 
'*  DO  man  can  eonjecturt*."  Thi^  ruins  of  ihese  are  .tiill  exianl,  in  ocio  of 
the  districts"  of  Buenos  Ayres,  In  the  same  province,  the  writer  just 
named  mentions  a  monolithic  temple,  which,  from  Uie  description,  equals 
any  of  those  of  EgypL  These  ancient  buildinj^'S  were  supposed  by  the 
Poruviojis  Id  have  turnished  models  for  the  Temple,  Palace,  and  Fortrcas 
at  Cuscu,  which  the  fir^t  incas  erected.  jKcosta.  in  examining  aome  of 
Lbi»v  buildings  in  TiubuanHCU,  was  at  a  loss  Co  comprehend  how  they 
could  have  been  irrcctud;  so  large,  well  cut,  and  closuly  jointed  were  the 
fUnea.     "  I  measured  oite  myielf,  (he  observes)  which  was  thir^  feet  in 
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tengtti,  eightoen  in  breadth,  and  six  fi^ct  in  tKtcknetfl ;" 
ireM  of  Ciisco  were  stones,  he  ttys,  nttch  largtr.     But 
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flnrpnae,  mimy  of  lhe«c  stones  wi-rc  ittki-n 
fifteen  leftgucs  disUincc  from  tlie  buildings. 

TKera  is  much  uncertainty  reipccting  Manco  Cnpsc.  Who  he  wi 
and  from  what  eouirtry  he  came,  are  equally  unknown.  According  to" 
their  Quipptrs  or  hiiloricaJ  cards,  and  chc  opinion  of  the  inca  who  mtoa  ancle 
to  GarcilaAso,  and  who  commtinicaled  to  the  latter  all  the  knowledge  of 
their  ancestors  then  extant,  he  made  Ins  appraranc^^  In  Peru  about  400 
years  before  the  invasion  of  the  Spaniards,  ll  is  said  he  was  whiter  than 
the  natives,  and  waA  clothed  in  tiowing  garments.  Awed  by  his  prnsencc^ 
they  ~?(!ei%'ed  him  as  a  divinity,  became  subject  to  his  laws,  and  nrnrtii 
the  arts  he  intniducod.  He  founded  Cuseo,  and  extended  hi.4  tnfloenc 
10  all  the  nations  around.  Ho  taught  them  agriculture  and  many  usefa 
BTU,  eniecislly  thut  of  irrigating  land.  His  son  succeeded  him,  and  will 
out  violence  grencly  oxtunded  ilia  liniiis  of  thj3  kingdom  ;  prcvailin?  %il 
the  natives,  ii  is  said,  bv  a  pvacuahlu  and  guntlu  manner,  "  lo  plough,  and 
manore,  and  cultivatu  the  soil."  Hin  successors  pursued  the  same  mnde. 
aod  with  the  same  sucoeu.  The  fifth  iiica.  wu  are  informed,  constructed 
a<]ucdui:te,  liridges  and  mdi  in  all  the  countries  l>e  subdued.  When  the 
sixth  inca  acquired  a  n«w  province,  be  ordered  iht*  lands  lo  be  "  dre«s«d 
and  manured  ;"  the  feuti  to  lie  dminud.  "  for  in  tliut  an  [draining]  they 
were  excellujit,  as  is  apparent  by  limir  works,  whicli  remain  to  tlus  day : 
and  also  they  were  [then]  very  ingenious  in  iiiukiiig  at^utductt  for  carrying 
water  into  drj'  and  scorched  lands,  sucli  as  the  greatest  part  of  that  coun- 
try is  :  they  always  made  contrivances  and  inemtioM  to  bring  their  wate^ 
These  ai^ueducis,  though  thoy  were  ruined  after  the  Spaniards  came  It 
yei  several  reliaues  and  monuments  of  ihem  remain  untu  iliis  day," 

The  sevcmh  inca,  VintcocAa,  constructed  ootne  water  works,  which,  li 
their  benelictal  effecu,  perhaps  equalled  any  simihir  undertakings  in  ani 
other  [tart  of  the  world.  "  He  made  an  aqueduct  12  feet  in  depth,  ano,^ 
ISO  leagues  in  length :  the  sauri^  or  head  of  it  arose  from  certain  spring* 
OB  the  top  of  a  high  mountain  between  Parcu  and  Picuy,  which  was  so 
plentiful  that  at  the  very  head  of  the  fountains  they  seemed  to  be  rivers. 
This  currant  of  water  bad  Its  course  through  all  the  counti^  of  the  Ru- 
canas,  and  served  to  water  the  poBturagu  of  those  uninhubited  lands,  wbldl 
are  idwut  IS  leagues  in  broadll).  ttatcring  aimatt  tAe  irhote  cmmtry  ef 
Pvn,." 

"  There  la  another  aqueduct  much  like  this,  which  iraverves  the  whole 

rrovince  of  Cttn/uiiyif.  running  abovu  120  leagues  from  south  to  north. 
IS  bead  ur  original  is  from  the  top  of  high  moaniains.  ihe  which  water* 
falling  into  the  ptoitia  of  the  ^tecAiuu,  greatly  refresh  their  pasturage^ 
when  tlia  boats  of  the  summer  and  autunm  have  dried  up  the  moisture  of 
tbo  ««rth.  There  are  maoy  stream*  of  liku  nature,  which  run  throu^ 
divers  parts  of  the  empire,  which  being  conveyed  by  AqUEDUCTS.  at  the 
charge  &»d  ex[teiMe  of  the  incos,  are  works  of  groooeur  and  osu-ntotion, 
and  which  recommend  the  nagnificeuce  of  the  uicos  to  all  posterity;  forj 
these  aqueducu  may  well  be  compared  to  the  miraculous  fabricks  whicl 
have  been  the  works  of  mighty  princes,  who  have  left  iJteir  prodigioc 
RKtnumonuof  ostentation  to  be  aUmired  by  future  ages;  for,  indeed,  w 
ought  to  consider  that  these  waters  had  their  suuroe  oikI  beffiiuiiog  &utlt 
vtM,  high  motiBtains,  and  were  carried  over  craggy  roeks  too  inaeceBsible 
MSMge*  ;  and  to  m«k<>  these  ways  plain,  lliey  h^  no  help  of  inslnimenis 
forged  of  steel  or  iron,  such  as  {lick^xesor  sledges,  but  nerved  thcriiHelves 
only  with  one  stone  to  break  attuiber.     Nor  were  ibey  aci^uainted  with 
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tbo  invf^ntion  of  arches,  to  ennvey  ibe  water  on  the  level  from  one  preei- 
fiec  to  the  other,  bui  (raced  round  the  mountain  iiriil  thev  found  wnys 
mul  nossama  at  ihu  eame  height  and  level  with  the  head  of  the  apnngs. 

'■  Thu  ctstems  or  cnnservatohea  which  they  made  for  tbcae  waters,  M 
liie  l«p  of  the  mounuin,  wen-  about  twelve  feel  deep;  the  passage  wai 
broken  through  the  rucks,  and  chHDnoIs  mirde  of  hewn  stone,  of  about  two 
yard*  \ot\s  and  about  a  yard  hiph  ;  which  were  cemcnled  toj^ther,  and 
rmmmud  tii  witli  earth  so  hard,  that  no  water  would  poas  between,  to 
wcakon  or  vent  itself  by  the  hoU-a  of  the  channel, 

*■  The  current  of  waior  which  paswH  through  all  the  division  of  Cunti- 
myif  I  havB  Men  in  llie  province  of  (^ua-Aya,  which  is  pari  of  that  divis- 
ion, and  considered  it  an  cxlrnordinnry  work,  and  indeed  surpassing'  the 
description  and  report  which  haih  bcun  made  of  iu  But  the  Spaniards 
who  were  aliens  ai>d  Htraagcm,  liltle  rL'garded  the  convenience  of  these 
wor4ia,  citlior  to  serve  themsetvea  in  the  use  of  Uicm,  or  keep  ihera  in  re- 
pair, nor  yet  to  take  «>  much  notice  of  them,  u  to  tuention  them  in  their 
nistortes,  but  nuber  out  of  a  scornful  luid  disdaining  hunior,  have  suSbred 
ibetn  to  run  into  ruioe,  bevond  all  recovery.  The»iinie  faiu  hath  befallen 
lb«  aacEDrcTs  which  tliu  ImUiuis  ma<]e  fur  wuUiring  their  com  binds,  of 
which  two  liiirds  ac  IcaM  are  wholly  deotroyod,  and  none  kept  m  repair, 
Qolesv  aone  few  which  are  so  useful  that  wiihout  them  diey  cannot  sus- 
uin  ihcfiuelves  with  bread,  nor  with  the  iiuceasuxy  prortAioiis  of  life. 
All  which  work»  are  not  so  totally  de»troyed,  but  thai  there  still  romaiiis 
some  minus  and  appearances  of  tneni." 

The  last  who  was  independent,  and  bv  far  tlie  wont  of  the  incas,  was 
^tahuatpa  or  Atabalipa,  tne  13th  from  Manco  Capac  He  treacherously 
slew  his  broilier  and  murdered  nearly  all  his  relations.  Garciloaso'l 
mother  and  a  lew  others  escaped.  He  wa^  strangled  by  Pizarro  in  May 
1633.  after  having  purchased  nis  life  of  that  monster,  by  tilling  the  room  of 
his  prison  with  gold  and  silver  vessels,  and  ingots,  to  a  Unc  cnolkcd  round 
(he  wall,  at  the  height  of  about  seven  feet  from  the  ground.  This  room 
wits  twenty-five  feet  by  sixteen. 

That  the  Peruvians  had  uWZf  in  the  remotest  times  has  already  been  no- 
ticed ;  and  when  the  Spaniards  invaded  ihcir  country,  groat  quantities 
of  ireasures  were  thrown  into  them.  The  discovery  of  these  wells 
fnay  yet  bring  to  view  numerous  specimens  of  ihcjr  works  in  the 
metals.  We  have  not  met  with  any  intimation  of  their  manner  of  raiting 
water,  whether  by  a  simple  cord  and  vessel,  by  mfans  of  n  pulley,  or 
a  windlass,  or  any  other  mnrhinc.  'Tia  true  that  GnrcilnsAo.  when  ilescrib- 
ing  the  various  pendanla  which  they  wore  in  theirVHnt,  mentions  rings 
as  large  "as  the  frame  of  a  pulley,  tor  tht-y  were  mad*"  in  the  fomi  of 
those  with  which  trtdrateup  jiiirhtin/rom  a  irell,  and  of  that  cr}mpas9.  that 
in  case  it  weri'  beaten  straight,  it  would  be  a  quarter  of  a  yard  lonjf  and 
a  finger  in  thickness."  but  in  this  passage  we  understand  him  to  refer  to 
tho  Spanish  method  of  drawme  wafer  ;  and  this  Li  probable,  Ibr  in  anoth- 
er pert  of  his  work,  when  spealting  of  the  large  tttonea  used  in  Lhc  public 
hottdings  at  Cusco.  he  says  the  workmen  had  neither  cranen  nor  pvUeya. 
Still  it  is  possible  that  he  referred  to  the  mode  his  countrymen  employed. 

There  arc  oonclusivc  proofs  however,  in  some  extracts  that  are  too  in- 
teresting to  bo  omitted,  that  the  ancient  Peruvians  were  well  acquainted 
with  the  management  nni  distribution  of  water  throuph  piprs :  and  of 
making  and  laying  the  latter;  and  what  is  singular,  Iwh  the  sourcei  of 
the  water  nnd  the  direction  of  the  tubes  under  grimnd  were  kepi  secret, 
u  was  the  custom  with  some  people  of  .Asia.  "  In  nmn^  vX  \h«  Wuaea 
(at the  incas)  were  grett  cisM-nw  of  gr>M,  in  which  they  bathed  l^kATiweWeft, 
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with  couKs  andpipn  o^  the  tame  mtial,  for  oonreyuiee  of  ihv  wi 

Some  int«re»ting  [uinii^uWs  an;  alGto  given  bv  Uarciliissu  ruHpccui)^ 
ciipplv  uf  L'tisco  nith  water.  Si>eBkiii|r  of  k  cerlain  Htrfret, hpsB^ii,  **  i 
ifaereuntn  nra  two  pipe-i  o1  oxcelltnt  water,  which  pKss  under  iriuiiml,  bvl 
by  whom  rfauy  were  laid  and  brought  thither,  is  unknown,  for  wuit  uf 
writings  or  records  to  tnin<itnit  tbe  niemciry  of  them  In  posterity.  Thiw> 
pipe!)  of  water  are  colled  mii^r  makta,  because  the  whilenrss  of  tJie  w». 
(er  rescmblfd  ailvf r ;  and  the  wladinpa  or  tlie  menndcra  of  tho  pipes  wi?rv 
like  the  coils  and  tormngti  ol*  ser^wnw."  In  tlie  fortruoe  of  Cu3co  waa  "i 
fnuntain  of  excellent  u-at«r,  which  waa  brought  at  a  far  distance  undrr 
gronnd.  but  whrnr  and  from  whnncti  t)io  Indians  da  not  know  ;  for  such 
flecret*  as  iIich?  went  alw&yB  rewrvcd  from  eomman  knowledge  in  the 
br«iistti  of  [ite  incu  and  of  his  counsel."  Thu  Uku  CAincAtni  near  Cusco, 
onntsined  good  wulor,  and  "by  the  muiiificenci;  of  liie  inca  was  fur- 
niihcd  Willi  »ovt;nil  pipes  and  lujuoducta,"  to  conrwy  water  into  lowt* 
grounds,  w^iRh  worn  used  till  rendered  useleu  by  nuglu'ci  of  tlw  Span- 
iards. "  AfliTwards,  in  lie  yedr  1555  and  56.  they  wcrp  repaired  by  tuy 
lord  and  fathor  (Inreiln^Mi  de  la  Vega,  be  being  tlic  mayor  of  thai  cily,  anil 
(o  that  condition  1  left  them." 

In  duscriljing  the  lemote  and    gardens   al   Cuaco,  he  obaer%-ea,  "  there 
wcro  five  fountains  of  water,  which  ran  from  divers  places  thrt>ugh   pipes 
of  gold.     The  cijilrnu  wet*  some  of  atone,  and  others  of  gold  adu   silver, 
in  which  they  wnthiHl  their  socritices,  aa  the  aolcmnity  of  the  fc^vnl  ap- 
poiiiicd.     In  my  linie  tliere  was  but  one  of  the9«>  founuins  remaiiting, 
which  served  the  garden  of  a  convent  with  water ;  the  othci^  were  lost, 
either  for  want  of  dnwing  or  cleansing,  and  thia  is  i-ery  probable,  b» 
COUM,  10  my  knowledge,  thai  which  belonged  to  the  conveiil  woa  lost  fiiC 
•ix  or  it^Vi-n  mnmhs,  for  want  of  which  water  the  whole  garden  vroa  dried 
lip  and  withered,  to  the  great  liimentotion   of  the  convent  and  iho   whol« 
city;  nor  could  any  Indian  understand  how  that  water  came  to  foil,  or  to 
what  place  it  took  its  courae.     At  length  tliey  came  to   Rnd  that  ad   lb* 
weu  Hide  of  the  convent  the  water  took   its  course  under  ground,  and 
fell  into  the  brook  which  piuisea  through  the  city;  which  in  ihc  v.—      -•' 
the  tncas  had  its  banks  kept  up  with  stones,  and  the  bottom  well 
that  the  earth  might  not  full  in;  lite  which  work  was  continued   :' 
the  whole  city,  and  for  h  quancr  of  a  league  without ;  which  now 
earelesmess  and  ?loih  of  the  Spaniards  la  broken,  and  ilio  pav.  : 
placed  ;  for  though  the  spring  commonly  yields  not  wbUt  v. 
ly,  yet  sometimes  it  rises  on  a  sudden  and  muhcs  such  on  incn-Jilik  muit. 
Jatton  that  Ute  fonA  of  the  current  hath  disordered  the  channel   and   the 
bottoms." 

*'  In  the  year  15A8  there  happened  a  greet  eruption  of  wmtor  from  ihts 
founuin,  which  broke  the  main  pipe  and  the  channel,  so  thut  the  fury  of 
the  torrent  took  another  course  and  lefi  the  garden  dry ;  and  now  by  tlutl 
abundance  of  rubbish  and  sullage  which  comes  from  the  city,  the  dianneJ 
ia  filled  up,  and  not  so  much  as  any  mark  or  signal  themx-f  r.-md^.s  T!,« 
friars,  though  at  length  tliey  used  all  diC  ditigciK'o  imit- 
could  not  find  tltc  ancient  channel,  and  (o  Iraco  it  from  i.i'  :....;.,.,  , 
by  way  of  tbe  pipes,  it  was  an  immense  work,  for  ihcy  womr  to 
llirough  houses  ami  deep  conveyances  under  ground,  to  come  ai  if,  fbr  i 
head  of  iliu  spring  was  hi^h.  Nur  could  anv  Indian  bo  found  that  cc 
give  any  dinrclion  herein,  which  discouraged  thom  in  their  work,  one 
the  recovery  of  tlie  others  which  ancietitly  belonged  to  the  mai 
Hence  we  may  obswrve  tlie  ignoranco  and  inadvcniai-meni  of  iKoa* 
diAHfl,  and  bow  little  th«  benefit  of  tradition  availed  unoagit  them ; 
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lbou||rh  it  bfl  only  ioriy-twa  yexrs  At  ttii«  ilny  since  those  w«ten  forsook 
tkeir  <^our«e  ;  yr^t  nt-'irlitTr  the  Iom  (if  m>  iim:OMarY  &  [iroviKion  its  wnlAr, 
wluch  WAA  ibe  rcfrekhmeni  nf  iht^ir  livi^n,  nor  of  th«t  streatn  which  sup* 
[tlied  the  temple  of  the  sun,  their  grxt,  i^itild  hy  nature  or  religion  con- 
serve iQihum  the  memory  of  so  romarkultle  a  particular.  The  truth  u, 
that  it  m  prubaLiIe  ihu  the  uiiilertAlcersi  i>r  mailer-workmen  of  tha*e  water 
works  did  oommunjcale  or  make  known  lo  llic  prieix*  iraltf,  the  iiecret  con- 
veyance* of  thcMe  water*  ;  eiiteemiiij^  every  tiling  wludi  btrlotiged  to  the 
honor  and  lerwica  of  the  temple  to  be  sacred,  tliat  it  was  not  to  he  re- 
vealed to  common  ears,  and  lor  this  reason  [u^rhtifM  the  knowledge  of  those 
Walcrs  might  dye  and  end  with  the  order  of  priests." 

**  At  the  end  of  six  or  seven  months  af^r  it  was  lost,  it  happened  that 
■ofue  Indian  hoys  pUjSng  about  l)>e  stream,  discovered  an  eruption  of  wa^ 
ler  from  the  broicai  pip^  ;  of  which  lliey  acquainting  one  the  oilier,  at 
lengih  tl  <:aiue  to  the  knoM-ledge  of  the  Spaniards,  who,  judging  it  to  be 
the  water  of  the  convent  tbnt  had  been  lost  and  diverted  from  its  former 
cuune,  gave  iulbrmalion  thereof  unto  llie  friars,  who  joyfully  received 
the  pwd  tieM*.  and  immediately  labored  to  bring  it  u^am  into  direct 
conveTaiice,  and  condtici  it  to  their  garden.  The  truth  is,  (he  pipes  lying 
cvrjf  drrp  were  buried  with  earth,  ao  that  it  cost  much  labor  anu  paios  to 
to  reduce  it  to  its  right  channel ;  and  yet  they  were  not  so  curious  or  iq- 
durtrious  as  to  (race  the  fountain  (o  l^ie  spring  head.  That  garden  which 
BOW  supplies  the  convent  with  herbs  and  ptanis,  was  the  garden  which  in 
time*  of  the  inca^  belonged  to  cbeir  palace,  called  Hu  gardm  o/'  ^olA 
aivfr :  because,  that  in  it  were  lierba  and  flowers  of  all  Boris,  lower 
|t1anti  and  shrubs,  and  taller  trees,  made  a/i  of  gold  and  nlver ;  together 
with  all  sorts  of  wild  beasts  and  tame,  which  were  accounted  rue  and 
uniuuaL  There  were  also  straoge  insects,  and  creeping  things,  as  enakes, 
•erpetjts,  licards.  camelinns,  bunerflies,  and  snails;  also  all  sorts  of  sfrait^ 
imriU,  and  evcrv  thing  disposed,  and  in  iu  proper  place  with  great  care, 
and  imitated  with  much  curiosity,  like  the  nature  and  original  of  that  it 
represented.  There  was  also  a  mayzall,  which  bears  the  Indian  wheat  of 
[lary  bigness,  the  seed  wheruof  they  call  quinia.  Likewise 
produce  lesser  seeds,  and  trees  bearing  their  several  sorts  of 

LI.  aii  iHwJf  of  gifld  and  rilr>cr,  and  excellently  representing  them  in 
iKeir  itaiural  shapes.  In  ihe  paldce  ali^o.  ihey  had  heaps  or  piles  of  bUlttt 
•Md./flr^*rf4  mude  of  gold  ana  silver,  rarely  well  counlerfeiied.  And  for 
the  greater  ailoniraent  ind  majesty  of  the  temple  of  their  rod  the  sun, 
they  had  cast  va^i  figures  in  the  forms  of  men  and  'rornrn  and  cAUdren, 
which  they  laid  up  in  magazines  or  lar^^  chambers,  called  pirrs ;  and 
every  vear,  at  the  principal  feasts,  (be  pntple  presented  great  uuBiitiliBS 
at  gold  and  silver,  which  were  all  employed  in  the  adotoiment  of  tbo  tem- 
ple. And  those  goldsmiths  whose  an  awl  labor  wa»  dedicated  to  the  mn, 
attended  to  no  of/tier  work,  than  daily  to  make  itw  inpeHliiau  of  rare  work- 
tnannhip  nut  of  ihodo  metals>  In  shnrt  they  made  oil  uorts  of  rewrfr  or 
mUUMtit  belonpnif  to  the  temple,  of  gold  and  silver,  such  as  /wEr,  and  paiu, 
aiMl  pn$U,  »m\fire  tAot>eit,  and  tOMgt,  and  erery  thing  e/sc  of  use  and  aer- 
vir.  'ii-ir  very  «/wbi(«  and   rakea  of  (M  gardes   wore  mode  of  the 

Jik 

7  *  '  Italy,  with  sketches  of  3pain  and  Pomiifal,'  Phil. 

|f^..  j^'  nme  of  the   rurin^irie-t  in  the   museum  of  Madrid,  re* 

*  TIm  DiKMion  tif  Mirnn.  Jaawa,  BoHiJirh  nnd  ilitlrlini*oi).  leitl  tiy  [li«  iltilinh  s»- 
*«nMi«)fl  in  ,\«ti3nt(r«.  liiiiiid  itis  hitif;  and  all  Ina  iiutu(ljiil>  hie  tally  ujipruawiJ  witli  «in 
bolli*liin«ni'  »''  ^'>l»l  E'>I')  n>ilti  wtiicli  tbeii  pvraotu  wer«  owrly  covered.  '  Bveti  tba 
nltMaii*  w*«rv  couiposed  of  that  nuial.' 
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muka:  "  what  plewod  me  ara«t,  wu  «  coUuctioD  of  P«raviu  vun;  t 
poliebctl  Etuop  M-bidi  H-rvod  tla-  inciu  fin-  k  miirur ;  uid  a  liuon  muUe, 
wbicli  iurtiivrl^  iidurueil  tlioir  oupp«r  colored  Blioolden,  u  finely  vrorgt 
w  a  tfliAwl,  anii  fluwered  in  very  iwuly  a  similar  maniMr;  tbe  colon  u 
frc*)L  otid  vivid  u  if  new,"     VoL  ii,  211. 

ll  U  dilticulc  after  peruMog  ihe  history  of  thit  lnt«reMing  people,  to  it- 
eoDcile  the  state  of  tJie  aru  among  tbem  at  the  Spanish  invaaiDa.  whh  th* 
opiniun,  thai  Mauco  Capac  arrived  from  Aaia  at  so  late  a  punod  u  the 
IStb  criitury.  If  he  wa«  iLe  enterprtsiiig  and  inteUigeni  man  tiiat  hoii 
reurv'Miited  to  have  been,  and  there  \»  every  rewon  to  believe  be  ww,!! 
ia  impoasible  that  aa  an  Anatie,  lie  could  have  been  ignoraot  of  tbe  aw, 
tbe  anger,  files,  of  lilting  wooden  handles  to  hanunen,  of  naili,  sdsKin, 
tbe  crane,  windlass,  pullev,  the  «rch,  iron,  &c  :  or  having  a  knowledge  of 
these  things,  Uiat  he  should  not  have  introduced  ihem,  or  at  least  some  ti 
them.  But  if  the  Peruvians  were  also  ignorant  of  tbe  iwspe,  narii, 
or  chain  of  pots,  the  objections  to  suob  on  opinion  are  greatly  «tr«ngthstD- 
erl.  From  what  i>art  of  the  eastern  world  eoald  mob  a  man  bsre  oons 
without  having  a  knowledgn  of  these  tnaehmes,  and  yet  be  aotpninted,  ■ 
he  was,  vrirJi  all  thu  essential  features  of  oriental  agriculture  t  Machiaa 
too.  of  the  utmnHt  imnonanco  in  Peru,  where  run  was  generally  unknown, 
and  water  scarce  nnii  valuable  ns  in  Egypt  itself — and  machines  man 
nereasary  than  any  other,  in  fiirtherinfr  the  objentA  he  had  in  viaw. 
While  a  doubt  remains  respecting  their  employment,  wc  sfaauid  mm- 
poK  that  he  raUly  was,  as  surmised  by  Garcilasao,  a  XATtrc,  who  ij 
the  superiority  nf  his  anderalanding,  and  by  a  sobctle  dspnruiient  (tine  tamt 
effcclnailv  lo  carry  nut  his  measures)  persuaded  iba  people  that  be  oaaia 
from  tJie  eun.  Indeed,  tho  state  of  the  tueful  arts  geiMtraUy  Bmong  tbon 
in  the  l.'jih  rentury,  implies  that  thoy  haA  not  had  any  permanent  conoM- 
tion  wirh  Asiatics  for  many  ages ;  but  that  they  wcru  gradually  roooveriag 
a  knowledge  of  the  arts,  whirJ)  in  venr  nnnoie  tunes  had  been  proctisea 
by  nations  then  extinct;  and  benoe  tlie  pandty  of  choir  tools  and  ih* 
peculiarity  oi  some  of  their  dertoes,  as  their  ^lupjnu  or  htitoneal  cordt, 
■heir  modes  of  computation,  &c.  Moreover,  iiouhL'r  thi*  Mexicans  nor 
Pemvians  had  reduced  tho  lower  ajiimola  to  subjueuun,  at  any  nuo  not 
for  agncultuml  purposes ;  and  though  they  had  neither  the  honte,  the  asa, 
nor  ox  ;  yot  the  fonnnr  had  thu  biiiflklo,  an  unimal  that  has  be«n  used 
from  the  remotest  ages  in  plough  thu  soil.  This  circtimatance  alone  ii 
snfficienl  to  show  thai  they  did  not  derivL-  their  knowlodga  ol'  agriculture 
from  Asia,  within  the  time  gettcrally  suppoaed.  if  at  all. 

Who  can  reflect  on  ilte  civilizfd  people,  that  in  remote  age*  inhobiled 
these  coniinenu,  without  mourning  over  their  esiinction.  and  ihr  tow  of 
every  record  respecting  llicm  t     A  people,  whoM   very  eii^ienec   would 
have  b(%n  unknown,  hod  not  some  relic«  of  ihoir  labors  (like  the   organic 
remains  of  animals  whoso  species  arc  extinct)  yet  rentsied   the   corMJiM? 
effecuof  time.     When  we  examine  the  ruins  of  their  temples,  rhii 
and  other  monuments  of  ihcir  progress  in  tbe  an»,  our  disapp-i. 
amounts  lr>  distress;),  that  the  veil  which  conc^-'ols  tbem,  is  not,  and  ]'•:;<  >i  - 
cannot  t>e  removed.    Siratige  as  it  may  a|mear,  we  ore  olmoet  lut ;  _' 
of  the  mysteriuus   Palenque,  and  hundreds  of  other  cities,  equix 
some  of  tbtfti)  perhaps  much  more  aneieDt— «s  of  tho  builders  of  liHini — 
and  wo  know  about  as  liitle  of  their  early  inbatHionta  u  if  tliey  had  been 
located  on  another  planet. 
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MACIU»£8   FOR   BAlStKti   WATEK   BY  TOE   PRESSUKB   OF  TUE 

ATMOSPHEEE. 


CHAP  TER    I. 

0<t  ■atUaa*  thai  laM*  wu«*  bf  tummphmrit  pi— iii«  Filiigtplw  of  llMr  •cilok  tenanlj  aakomrn^- 
llii>ni  ^ihimm  AttiMtPt  mMu  Uf—nn  twoaprdwMlM*  vllliiiiii  •  knnvlkdr^Of  >UMi*ph*Tk 
ftmtf  fli»«MMi«—  Ui  Uw  orruiuliiia,  hiibki,  bhiI  nMinu  at  aiiinMb— nntsihin  nl  )lw  atniMplm* 
•mk  <b>  •MIk— Air  UacAla— C-oaiP'*~>h]<— lUptfULbk'— fcluUc—Alr  fc«I>— AncloDI  bej>  ud  b«d* 
■I— it  IVil^tM  of  air— Ira  fn^aiit*— F-fiimti^  jlmmrun  Imltuit  and  itia  air  puoij^^Jkia  C<iuit>leiar 
— 4(*tlh>*lu|'  uylaii.  Blwmliiii  linllata  liy  Uh  nirataCtUMi  ol  ftlf— Kitji  >mk«r  ■Byayiwtiftil  oT  AH* 
f  »i»il  ftittii}r— Li(a*d>— Frofa— Witni— Cunnai'iliin  Iwih>*ii  all  rlB)Hiijr<<Dii  of  biw«>lHl|*— Satk- 
m  fafc  HftaiiiTa  L>wpTBiia— Dwnpter— Chmtoptitr  Ctlumhua  it  St.  DaBUii(«— Fardlutiid  C«luakM 
— Aarlavii  Ml*— Soililaa  ■iijiaa^na  of  air  bunting  Ihn  bladdan  of  flali— Pmuifl  of  itia  Minoiptlara  OB 

With  die  last  chapter  we  concluded  our  roniiu-ka  on  macbinee  em- 
braced in  the  first  gpoersl  division  of  the  subject,  (se?  P»(^  S)  and  now 
proeevd  to  those  of  the  second  ;  viz,  eucli  as  raise  water  o^  mesTts  of  the 
weight  or  pressure  of  the  atmosphere.  These  fomi  a  very  interesting 
rimsa — they  are  genuine  philosophical  insrruments.  and  ns  such  may  serre 
to  exhibit  and  illustrate  wine  of  the  most  importanc  tnjihs  of  nslural  phi- 
lovopby.  The  principle  upon  which  theiracti'in  depvMiis  wm  formerly  un- 
known, and  even  now,  a  person,  however  ingenious,  while  igoorant  of  the 
nature  and  properties  of  the  atmosphere,  would  be  utterly  unable  to  ac- 
count for  the  ascent  of  water  in  them.  Having  no  idea  of  the  cautfe  of 
tim  Bscenl,  except  the  vague  one  of  mkc/wh,  he  would  fuel  greatly  rnibar- 
rvmcd  tf  required  lo  explain  it.  And  when  informed  that  tJieru-  rvally  is 
DO  Buch  ihing  in  nature  as  duction,  but  that  it  ia  a  meru  chimera,  having  no 
existx*ncc  except  in  the  imagination,  tht!  task  would  bo  attended  with  in- 
■uperabitf  difficulties.  Perhape  he  would  have  recourse  to  a  comnum 
jmmp,  to  (race,  if  possible,  the  operation  in  detail ;  ifso.  lie,  would  natural- 
ly l>cgin  with  the  ftm  mnver,  or  the  pump  handle,  and  would  iook  for 
■omi*  medhnn,  by  which  motion  is  transmitted  from  it,  to  the  water  in  the 
well :  but,  however  close  the  scrutiny  might  be  made,  ho  would  be  una- 
hk)  tt>  detect  any ;  and  as  a  maiter  of  course,  while  a  coniteclion  between 
ibeoa,  i.  f .  Itetwefsn  the  mover  and  the  object  moved,  could  not  he  diBcor- 
errd,  it  would  be  impoi^sihle  for  him  sati<ifRCtorily  lo  account  for  the  phe- 
n*>!Df-nr>r>,  If  "  a  body  cannot  act  where  it  is  not  present,"  as  the  flucker 
of  '>n  water  nl  a  diatancfi  from  it,  how   could   nurh  n  person  ao- 

tr--:  ■■  aicent  of  ihni  water  in  obedience  la  th<»   movements  of  the 

ntrhmr  t     And  bow  ooiild  he  explain  the  prooeas  by  which  ti  was  effected. 
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jUant  ^  Waler  in  Pumpt  tMvwtmjurArnMtiiff  [Bntk  fl. 


vrLUe  be  coulj  liiiil  uoappansnt  cdniniunican'on  betweoii iJi-rn  1  Thpftnii 

it  would  be  dtilicuU  fi>r  tiuii  to  poini.  out   Any  closer  coi. 

tlip  tiutnp  rod  nnd  die  waler  id  the  well,  |[i«n  Iwrtwei-n   .• 

ibe  nuids   of  a  pedestnan,  uid   water   undvr  iho   snrtace  nl"  the  (.^^^■la,l 

over  which  he  stepped  ;  nor  could  hea»ii)rn  a  conclusive  n>a*on,  wlit  ilut 

liquid  should  not  ascend  and   accompany  Uie  movemcnta  tif  the  lailer  u 

well  as  of  the  former. 

He  could  perceive  no  obvious  or  adequate  caum  for  ili«  «lev«tion  «f 
water  tKrou^h  the  pipe  of  a  pump,  ibere  beinc  no  apparent  force  •  '  ' 
to  ti,  or  in  the  direction  of  its  ascent,  no  ve«»wTor  mavrablc  pa  lit  ■ 
down,  as  in  ibe  pruccding  machinee,  to  convvy  or  urgv  thw  liijuij  uj; — jtn! 
heocQ  he  could  no  more  comprehend  how  thv  muvvmi-nts  of  a  pump  t>oi 
(lucker)  above  the  surface  of  the  ^Tound,  should  induce  water  in  ■  ■nrU 
to  nuA  up  towards  it.  than  he  could  explain  huw  the  waving  of  ■  mifv- 
oianV  wnnd  should  cbuhp  spirits  lo  ap)K>ur. 

Long^  lainiliiirity  u-itli  ihf  alinosphenc  pump,  makra  if  hard  for  ua,  U  tlw 

SirtiKciit  day,  to  realize  ihc  difHculties  formeriy  cxpcriunced  in  accnunluig 
ur  thu*  aacerit  of  waler  in  it.     liup(Kis«  tlie  cause  yvl   unknown  and   un- 
thuuKht  of — it  v(-rtainly  would  puezle  us  to  explain  how  a  piece  iif  letth- 
ur  (the  auckur]  moving  up  ouit  down  ia  a  vertical  lube,  whose  li>w-!' 
fico  i«  in  watvr,  somp  tw«nty-l)ve  or  thirty  feci  bduw  u,  should 
ihoC  water  up.     Sucb  a  resiiU  is  opposed  to  all  experience  aod   ot.-ixu- 
tion  in  otlivr  departments  of  the  arts ;  nor  ie  ibere  any  tiling  like  it,  in  lln 
machines  wc  havi;  examined  in  the  proceduig  book.     The   mccbantsm  bj 
which   motion   is  irunsmitted   fruni   llicui  tu   ibe   water,  is   ubvintis  lu  t» 
sense»— a  tangible  medium  of  communication  i»  usiablished   between  thr 
force  that  wurki  them  aiid  the  wuicr  they  raiie ;   uhereat  in  the  [lutnp.  an 
inviailie  a^nt  is  excited,  whose  etTcclit  are  us  »urj)nbnig  ns  iia   m 
operation  iH  obscure.     'Tis  true,  a  Lulie  (the  pump  ii>|M-*)  ts  cuntinti'  .- 
the  place  whfiv  thtt  nucker  moves  lo  the  water,  but  it   remains   At    rv- 
is  iminoveabie, and  therefore  cannot  Inuiimil  motiun  Jromonnto  the- 
it  is  merely  a  cliannel  through  which  tiie  water  may   ri»a — it  does 
raise  ii. 

Out  if,  in  order  to  establish  a  connection  )>etween  the  sucker  and  water, 
tlie  former  were  made  U)  descend  thrnoeh  the  pump  into  thb  Isni"-  •4ITT 
ilie  diHicuIty  would  not  Iw  overcome.  Thn  sucker  in  that  case  u  ■ 
much  tike  one  of  those  buckets,  unud  in  some  wells,  which  hts  an  njn-Lin  k 
in  its  bottom  to  admit  tJto  water,  and  covered  by  a  flan  to  prfvnni  in 
reium.  (The  surker  is  in  fiict.  mrrely  a  small  bucket  of^  this  kind,  and  is 
90  named  in  some  cnuntrics.)  In  both  eases  the  water  would  tx*  raii«d 
which  entered  through  the  valvea — the  buckt'T  would  bring;  up  «I1  it  con- 
tained, and  the  yii<tker  all  tliat  passed  thrt^u^li  it  into  tlie  pump;  so  fnr 
operation  of  both  is  clear,  and  as  regards  the  raising  of  rhe  nat^r  m 
the  valves,  would  be  the  name  [  but  it  ts  the  oftccnt  of  a  robimn  of  w| 
ieMiul  the  sucker  that  requires  explanation — a  liuuid  column  thai  foil 
it  as  closely  through  every  turn  of  the  tube,  as  if  it  were  a  rope,  hi 
ita  fibres  at  one  «nd  (lutnncd  to  the  sucker  and  puUfii  up  by  it. 
ia  it  thai  makes  this  water  aseend  against  a  Inw  of  its  nature— agi 
gravitv  T  Were  the  riihetrion  of  its  particles  such  that  it  eould  \m  n 
by  a  fotfc  Applied  only  lo  its  upper  end,  then  indeed  the  ditRcully  woiil 
diminiMhed  -,  but  in  that  case,  il  wonld  follow  that  a  similar  cnluntti  wi 
ascend  after  a  hucket:  when  drawn  out  0I*  an  oyien  well ;  and  fiirlhrr, 
a  iravetor  might  llien  make  use  of  a  liqaid  walking  stirk,  to^aatist  hii 
liit  journeying. 

Bnflled  lhi»  in  our  altcmpta  to  h\A  a  solmioo  here,  we  pnrhaps  wi 


lap.  1.]  iVUMout  a  taatwledgt  of  Atmot^arie  Prtartre. 
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tgio  to  Uiiiik.  that  whea  a  liquid  is  tmisutl  iu  llie  \nyo  of  a.  pump,  it  muse 
I  b^'  90II1V  forvu  actiog  Mote,  ur  behiail  il,  a  [ono  a  ler^o,  us  u  is  namej, 
id  of  which  oU  the  prvcoJiiig  machines  arc  examples.     Tba*  whvo  a 

ickct   ni  wuer  is  raised   fmrn  a   well,  Uiv   forvc  is   ajmlifJ   ciuhind  it, 

}.  u>  t!je  bottom  ot  Uie  buckiM,  tlirough  the  cord,  baJ«.  aiui  »iii  j«,  It>  which 
is  B^tadiC^     It  it  die  sutiiH  in  thu  sci-ew,  tho  forcu  cDiitinuall)-  eluvatii^ 

poruoo  of  it  immediately  Itekind  the  water  ;  and  in  thu  tyin|ianuiii,  »[>• 
L,  chain  vt  pot«,  chain  pump.  ttc.  it  ia  the  aaaiD ;  the  veas«is  ot  pallets 
I  below,  i.  e.  behind  the  liquid  and  urge  it  up  befure  thtmi.  It  i«  the  fante 
all  ordinary  mutioria.     I  wi«h  to  (.-xumim;  a  iimall  ubjcct  kying  at  the 

oi  of  my  garden :  now  I  cuntint  by  tnorin£|:  this  ruler  in  iu  direeiioo,  m 
manner  of  a  pump  rod.  induce  ti  to  muve  lo  nte,  nor  can  it  ever  bo  so 
ved,  until  the  force  of  aoine  other  body  in  motion  bthtnd  it  impel  it  lo- 

wija  me.     It  is  the  same  in  tlie  case  of  a  stubborn  Imy,  who  not  only  re- 

Bio  move  as  directed,  but  opporcs  tiie  natural  inertia  of  his  body  to 
_  iSDge,  and  therefore  can  onlv  be  tmpeJled  forward  by  aome  force  ap- 
ed directly  or  indirectly  behind  him,  by  dragging  or  pushing  htm  along, 
this  wav.  all  the  moiioni  in  the  univfrne,  nocording  to  !>onie  pbilofto- 
lera,  are  im[Kined  or  transferred;  those  which  appear  excepiiona  being 
losidervd  mudilicatinns  of  iL  Still  however,  the  Jttliculiy  of  estabi idling 
connection  Ix-'tween  the  mnvenienis  of  the  sucker  in  tho  interinr  of  tha 
imp  at  one  end,  and  tliis  force,  whatever  it  mi^ht  be,  acting  on  llie  wa- 
r,  «w(ji(/r  ai  it,  at  the  opposite  end,  would  remain ;  and  we  should  prob- 
tly  at  last  impute  litis  a»oent  of  water  (willi  llie  ancienu)  to  Homc  inde- 
xable one^g^'  uf  nature,  both  bllacious  and  absurd  ;  nnr  would  this  be 
rpriaiog,  fur  in  the  absence  of  i  knowledge  of  the  sinK»spherc  and  of 
I  properties,  there  really  is  as  gjrat  a  nvtrTERV  in  the  movements  of  • 
imp  rod  btin^  ftiilowad  by  the  as<^ent  of  the  liqaid,  aa  in  any  thing  over 
[nbuK'd  lo  thp  divining  rod,  or  ro  the  wand  nf  Ahans. 
In  order  to  undeniUod  the  operatioa  of  machines  bclongiog  to  this  part 
'  ibc  subject,  and  also  the  principle  upon  which  their  action  depends,  we 
leave, lor  a  few  moments,  the  consideration  of  pumps  and  pipes,  and  all 
tcootrirancea  of  man,  and  turn  our  attention  to  aome  ol  the  Creator's  works 
tbnr  &ru  exhibited  is  future.  This  may  perhaps  be  deemed  a  depar- 
ne  froto  the  subject ;  it  is  however  so  far  from  being  a  digression,  that  it 
essentially  necessary  to  ascertain  the  cause  of  water  ascending  in  tliis 
asa  of  mactiifies,  as  well  as  to  understand  the  pliilosophy  of  numerous 
taral  as  well  na  artificial  operations,  that  are  pertormod  by  aptraratus 
alogou*  to  (hem  ;  as  the  acts  nf  tnitpiralion  and  respiration,  quadrupeds 
mkirii;,  the  young  of  animals  sucking  their  dams,  children  drawing  r>our> 
h/ncnt  from  iheir  mothers'  breasts :  bleeding  by  ruppit^g,  by  leeches, 
■  by  the  mora  delicate  apparatus  of  a  mugkeioe';  proboscis;  and  if 
ing«  ignoble  may  be  named,  the  taking  of  Fnufl'  smoking  of  cigars  and 
s  of  tobacco,  and  also  the  experiments  of  those  peripatitie  philnsophors, 
perambulate  nur  wharves,  and  imbibe  nectar  farough  stFaw<  from 
ds  of  rum  and  molasses, 
perwin  is  aware,  that  the  earth  on  which  wc  live  is  of  a  globalitr 
eroidal  Kgure,  and  that  it  is  enveloped  in  an  invisible  ocean  of  air  or 
I,  vrbirh  extends  for  n  great  number  of  mile*  from  every  part  of  its  sdr* 
This  hollow  sphere  of  air  is  named  the  atmosphere,  and  is  one  of 
miMt  essential  parts  in  the  economy  of  nature.  It  is  the  source  as 
the  thtfoire  of  those  sublime  meteorological  phenomena  which  we 
Jy  behold  and  adrture.  It  is  necessary  to  animal  and  to  vegetable 
TtJ  material  is  llie  *  brralh  of  life"  to  all  things  living.  It  is  more- 
tr  t}tc  peculiar  clement  of  land  animals,  the  scene  of  their   &ci.\on«,\\w 
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d/mprtanAAty  and  JiitatahUit^  ^  Air, 


'B«*a 


Buid  ucean  in  which  ibe)^  only  cau  iDove,  uitl  witliin  wkivh  t)ip\-  uv  ii- 
w&vt  iMmmtd.     It  to  lu  Uium,  what  the  sea  u  to  riali :  rviiio^ 
it,  sDil  tiwy  nvcvn^Tiiy  die.     Id  some  respects  uaturt)   Una  '(>•-• 
rorabte  to  fi>he>  tbau  to  us :  most  of  them  caa  aaveod   tu  titt*  bm  ■ 
the  dulil  in  M-hich  the^  live,  but  we  can  only  exiAt  iu  th«  lowmt  di  . 
die  atmo^beric  ocean   tluU  confines  lU  :  if  we  ucvoil   but  a  h' 
vUBTgm  bugiu  loGu],  and  we  are  compelled  to  descend  te  the  bouwim  mk 
place  she  designed  tu  to  occupy. 

Possibly,  some  people  may  suppose   ibai   die  velunty  vrHh  win  '     '< 
earth  shooia  rorward  iti  her  orbii,  mi^bt  aometiines  caiisc  Uiis   oan' 
(which  bangs  as  a  munile  so  loosely  abuui  ht>r)  to  be  Ivit   Hon* 
tail  of  a  comet,  behind ;  or  be  entirely  sepamted  from  her,  like 
vapor  which  the  impetuous  ball  leaves  at  the  caiinonN  tnoudi.    Sucii  uvj-- 
ever  is  not  the  fad;  on  ilie  contrary,  it  revolves  umll>rmly  vi\'h  ihr  r^i^^ 
on  t}]e  axis  of  ibe  lulter,  and  accompanies  hor,  as  a  pan  of  I ' 
the  sun.     Were  it  indeed  separated  from  her,  hut  for  a  moitKri 
an  incrpoac  or  (liminuiion  of  her  vi>loriiy.  ihe  prvaeoi  organizaiiK' 
lure  u'ould  be  deslroyed  :  (fvery  moanlain   would  behurlud  from  h 
every  house  on  the  globe  would  he  leveled  ;  and  iio  human  bcir;- 
•urvtve.      Had  the  atmnsphnre   not  a  raiatury  motion   also,  in  i  ' 
with  Uiat  of  ihu  earth,  t.  e.  of  the  same  velocity  anil  in  the  saaw  dn 
a  very  diitemni  state  of  things,  as  regards  Ute  arts,  would  have  fiulia'a.!.-.! 
than  those  which  we  behold.     For  example,  aerial  navigation  would  car- 
UtiUy  have  superceded   nearly  all  traveling  by  land  aniT  waur ;  osd  nil- 
roads,  and  locomotive  carna^ea,  and  steamuoau,  would  hardly  havu   bern 
known  ;   for  llie   project  of  that  individual  whu  propoeud  lu   visit  diiAaat 
countries,  by  meruly  ascending  in  a  balloon,  till  Uio   nitatiun  of  the  carlb 
on  iia  axis  brought  them  undor  him,  when  he  iot«Dded  to  descaod,  wonld 
have  been  no  visionary  scheme. 

TAr  air  ix  tanffiife. — Although  tho  aubstaccc  of  the  atmosphen*  b  nt 
visible,  it  is  toTieible  ;  we  Jed  it  when  in  motion  as  wimJ,  whether  it  ba 
ffently  disiurlxm  as  in  the  evening  breeze,  or  by  the  alight  waving  of  a 
lady'H  iiin;  or  when  gready  excited,  as  in  tlio  hurricano,  or  thu  violent  blast 
from  a  bvllows'  mondi.  We  alao  mv  its  etTccta  when  thus  in  mobon,  in 
the  direction  of  smoke,  excinctinn  of  our  tapers,  atammiii^  of  ducirs,  in  lbs 
beautiful  waving  of  grass,  and  of  ihi!  full  cared  grain  of  the  fields ;  trees 
jriulding  to  its  impulse,  buildings  unroofed,  and  sometimes  in  thu  pnistn* 
tion  of  largo  tracts  of  tbrests;  in  witKlniills,  sailing  of  shijMi,  and  the  coa- 
Totsions  into  whieh  it  throws  the  otherwise  placid  ocean. 

Air  it  roHtprmti&U. — Indeed  compressibility  and  expansibility  %re  pro 
perries  of  all  bodies ;  by  the  absir&ctmn  of  hem.  airs  are  rompremcd  into 
liquids,  and  liquids  into  solids,  while  oii  increase  nf  traipemture  expands 
solids  into  liquids,  and  these  into  airs.  In  the  common  iiir  gun,  fiiur  nr  five 
gallons  of  the  dense  air  around  ns  am  compreast^d  into  a  pinl.  and 
iunh«*  pressure  they  may  be  squeezed  into  a  (cw  drops  of  liquid, 
a  tea  spoon  might  coniain. 

Its  apajuihiJitv  or  ditalabililif  is,  so  far  u  known,  illim  'le 

H  oecapies  l>eing  always  in  proportion  Ui  the  pressure  iIm  ^  i 

a  collapsed   and   apparently  (tmpty  bladder  be   plactvl   niidnr   n   rrci 
and  the  air  nrotinii   its  exlurior  be  removed,  the  small  |iorli<m  wt' 
oxpaiMl  and  swell  it  out  to  its  nstund  shape.     If  it  werp  imanl/ 
ilraw  the  whole  of  the  air  from  Otis  room,  and  s  globule  no  larger 
were  then  admitted,  it  would  iostanily  dilate  and  fill  the  room.     The  0; 
strata    of  ihn   atmospherv   ducrease   in  density  as   they  retwde  from 
earth's  surface,  on  account  of  tlie  dimtnurioD  of  (he  j>ressure  frora  au 
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raoKmbMK  ftnUB,  tml  thui  u  a  c«n&in  heiehl  this  vmall  globulo  of  nr 
would  OKcmiy  «  «ptte«  njuAl  to  the  cAith  iiwlf!  Ami  at  tbo  buij^ht  of  four 
or  five  fautMmd  mil««,  it  hu  be«D  edculiucil,  ibst  Icsa  tbun  «  teacup  full 
of  th*  sir  MC  breuihv,  u-ould  till  atptieru  uquoi  in  diaoiL-ler  to  tbo  very 
orhit  of  Sntnni !  Tbr  tttTtcienc^  n\  the  air  pump  in  proJuiun^  «  vusuutn 
liqMMKls  cntirrly  an  tliia  property. 

Air  at  tia*  ib(>t  »f  a  tiKruntaiti,  whose  plevsUon  is  between  three  and 
Ibar  mi1f«.  necapin  twice  the  s|>ac«  wlien  cnrrivd  to  the  top.  A  quurt  uf 
il  taken  frnrti  the  eDrnmit  would  Ix*  redoeed  to  a  pint  If  oumeyed  to  the 
bottom.  From  thi«  expatuive  power  of  air  arista  its  tiaaliciiy.  Thin  U 
iamilMT  to  tDOM  people  ;  fur  whenoonfiDed  tn  flexible  vuKselH,  as  air  hedii, 
pljows,  life  preaervers,  &«.  at  lOon  aj  any  weight  or  pru«suru  itnpiog- 
ing  upon  them  is  removed,  the  «la£iivity  of  the  cunRned  fiuid  poshes  up 
the  dopmaed  part  as  belbi-e.  If  air  within  a  bladder  were  not  elastic,  the 
ifDpressKnif  made  br  the  ftn)ter9  in  haadlmg  it  would  remain  as  in  a  ball 
of  paste,  and  air  beds  would  retain  the  form  of  bodies  that  reposed  upon 
tkera,  like  a  (bunder'n  moiUd  (if  mimI  or  pfauter.*     Those  extremely  light 

■  Air  bad*  »f«  not,  ■■  mmhh  pcijaDiw  rappniie,  of  moifeni  Drijtiii.  Tbi>r  w«f«  knowa 
b*twr«n  lhr««  u)il  (o<at  hiitxli^  jeara  kg«.  a«  app«im  Trom  tli«  utncicifmt.  \Ni>.  68.) 
cepied  friTMi  Mnn«  figum  miKbeo  to  lh«  firsi  Uennan  ttansUiiou  of  V«f vtms.  A.  D. 
ISl  I  It  nprawoisMMMra  rcpamag  aoAam  ia  iJaie  of  war,  with  tlie  nwds  of  ula- 
tmj  ikem  tqrli«llawa. 
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N(v  ML    AMk*ni  Air  Bed, 
Tha  ■ppliolion  rtf  ait  wii»  prohdW*  known  lo  il*.:  Romans.     Hi!Jift(libahM  OMd  lo 
vaaim  hinw«lf  wiifa  tlM  guwu  he  im  itni  u>  hi*  t>iUK)D«tA,  by  Msliiig  itwDi  ra  larn  iMgs 
or  hedb,  "  AiH  «r  wind."  wbkb  be'ni«  lOMla  aaiiiawij  to  oallapM.  direw  llw  gw 
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ilw  gnoNts  vn  tna 

'fiKnu  oT  Pliywcm,'  a  ftw  vvarii  aoo.  pTDpoaed  '  Hydro- 
•*•'  ''*■     Tliew  HI*  ira|iBripuB  lin^,  lunriHl  of  indiiv* rubber 

•luir..  ini!iiii<:^v>i:.iniirTitNii-vtnff«'aih«r«,hrir,  ike.    I'puaoiicuT  tlww  nsiXtuuIthiQ 
am,mwm  u  loiil.  uwl  tbea  Uh  orJinaty  covtiiia^.    A  j>cnao  Aoata  on  i1im«  beds  «>  aix 
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IhIIb  of  oiumtcbouc,  which  of  liue  yean  have  bi>eii  uinxlucvd  «e  perkir 
toys  (iit  children,  rebouFKl  rmm  ilie  nbjccU  ilicy  >tnkj>  bjr  tiic  spn 
Uie  air  ihciy  comairi.     In  ilie  bov's  pop  gun,  iJut  Is  loniKd  nf  kijui 
tiny  pellet  is  vent  on  iu  lumiless  crmoii  hy  liiL-  closiic  energy  nf  the  cnn> 
pmwed  fliiiJ.     AihI  in  the  uir  gun,  ii  is  the  ulaeucity  of  the  sanv  flaU 
dim  prnjcots  liiall»  with  tlic  fDrco  of  ^npowtlcr.     11'  it  were  not  • 
poople  when  fanning  tliem&i'lvca  woulil  Ilv)  ii  thrown  agtinst  tn. 
»aasi  like  wnier  or  sand.     The  «ct  of  inhaling   it  would  tw   pn 
would  enter  the  chent  by  rlutB,  while  iu  pulntirniA  in  aaund  wou.u  .|.i.i...i; 
destroy  ihf  ni<>nibranea  of  the  ear. 

Perhaps  itnthinf;  is  belter  calculated  to  expend  our  Ideae  of  the  y<r       - 
tics  of  maUor,  ami  nf  the    vs-ondera  of  OT'ition,  than  the  cnmprt  ~ 
and  dilnialiilily  of  air.     From  the   laet   named   (|uahly.  it  is  probe' 
there  ifl  no  such  thing  in  nature  as  en  aijiufitle  \-acuuni ;  ana  the   i. 
our  air  pumps  can  scarcely  be  said  to  make  uren  n  nidc  BpprDunu:JU 
to  or>e  !     Those,  whose  knowledgu  of  nuiuro  is  cuaSned  to  imprr^riiM 
which  ibitiffs  make  on  their  aensct,  may  suppose  that  the  cxtrerne^ 
lidiiy  may  oc  found  in  a  pi^  of  lead  and  a  bole  of  apunee ;  althoi:, 
former  is,  iii  all  itroWbiUiy,  us  full  of  interstices  as  lie  latter;  and 
persuiui  tnuld  with  dilTiculty  Imj  made  to  iiolicve,  llial  llie  liotire 
matter  (air)  vf\iw\i^li»  a  space  so  immeasurably  lar^o  as  to   hafflr   all 
culolton  could  be  compressed  into  a  lady's  thimble,  aud  even  »f)uees«dj 
to  a  l!()uid  drop,  so  minute,  as  ■carc'ely  to  be  perceived  at  the  end 
needle. 

Like  all  oilier  matter  with  which  we  arc  acqoainled,  air  h»* 
This  protverty  is  nut  naturally  oridont  to  our  acmes,  but  It  may  muul_ 
rendered  so.  By  accurately  \rei(;h!ng  a  blnddfr  wlien  filled  witli  air  and 
aAerwardtt  when  empty,  il  will  be  found  heavier  when  full.  Thi«  wai 
oil  experimeiit  of  the  anctoiits,  but  the  moderuti  bare  usvcnaitX'd  ila  'li^ 
finite  weig-ItL  A  CLibic  foot  nf  it,  near  fM':  eartk't  nrfacr,  w 
IJ  ounces  or-j-j-ji  purt  that  of  water,  a  cubic  foot  of  the  lai:< 
1000  ounces  ;  heixc  the  cxprt'osiou  "  waU-r  is  800  times  beaver  ilmu  «i(/' 
The  aggregate  weight  of  tlie  aimoiiphcre  has  been  calrulaU'd  at  up- 
wurds  of  77  billions  of  tons,  being  erjuivnlent  to  a  siilid  globe  of  lead  oD 
miles  ill  diameter;  hence  its  prttturt,  for  this  enormous  weight  rvtKmes 
incessantly  upon  the  earth's  surface,  and  wpon  overj-  object,  animate  nr 
inanimate,  aulid,  Ittjuid,  or  aCriform.  The  presaure  it  thus  exerts,  (m  all 
places  that  are  not  greatly  elevated  above  ihc  U^Vel  ot  the  sea)  is  tM|ual  tu 
to  about  15  ib«.  on  every  supurhcial  square  inch.  Thusanonliuary  sttwl 
person  exposeii  so  large  a  aurlace   to  its  iitflHenre.   thai  the  agifre^^ate 

wale/  aloni!,  for  lbi>  liquid  in  the  tmf  adapts  itwlfta  the  anrvao  sBifte*  oriha  bodjr.  nA 
■npiHirb  e\m  nan  r«|MM4nx  upen  il.  wiili  a  iinironnjuruiir<:.    Woiar  bads *ail  B^P*. 
evet  kiinivn  to  ttio  0D«ient«.  t^r  I'luiaroh  (in  hb.  I>r>- of  Mt-xainlrr)  itaiMlfaatlh*] 
in  thr  proTotce  of  Bafaj^lon  ■li'pi  during  lh<^  bnt  inonllv*,   '   on  •iiu^fiUaJ  NrMl< 
Th«    Iniury  nf  tha  ancmnU  wiifa  trgfitd  in  biuU  wa»  caiTwd  to  a  vnivT 
lojii.     They  werv  of  <lowa,  or  lh«  woal  ur  Milvitu,  lad  BomKtiiiMM  muSm  i 
cock's  (caihvnL     Tlw  Rvnisiw  liati  lin«B  •>b««(*,  wtiila  sii  naoiv.  umI  qnilli 
work,  and  .-omeiliues  of  cloth  nf  gold.    Bcdstoadi  iiaoiii!  iJi«  fM-li  OrMilai  a 
were *aiiicliini-a  ainaiy.  oTebony.  and  other  rich  wmxli.  wtth  iiikiit  vrnrii.i 
m  rrlirf     imtiatr  vn-t*:  of  miiasive  silver,  and  rvrn  ol'  ^olil.  wii.S  fe^t  n{  oaft. 
bud  tlirrii  aUu  ttf  irun.     One  of  lliat  natMiii)  wo*  fouml  m  Puuijifii.     ')1w  f>artiMt 
ttiltic  twdilnil  n>r>iilinn*<l  in  hintoty  in  that  nf  0|r,  kins  of  Uatliaa.     Tike   P»t*iiUu  taut 
rfiivHn  cipiMMlv  Cot  be<l  uKiklnx,  nnd  itio  nn  hprittiiK  ratmiitH  in  Ranu<      <V<>Uoi  I 
e(l«n  roriiii-'l  |ari  of  ibc  plunder  hIucJi  the  ttaunU  vjtTi'  '.'ir  uiuiapl 

Albtf'uuw  put  Tunagantf  ih«ir  ambaaadar  to  PanuB  t"  .miptin; 

from  tbe  kinji.  anung  whieh  was  a  "  magailicaBl  bad  wiu^    _. .  loiBaJwi 
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^irvmyin'  whicli  bis  hody  SQitEins  ii  not  t«M  than  1 4  or  15  toiu.  "  Not  leu 
rimo  Nvh*!  r*  once  eKclwiniHl  an  elderly  and  corpulent  lady.  "  Why  how 
C4fi  iJiat  Iw  ?  We  Miuld  neitber  talk,  nor  walk,  nor  even  moTo;  and  be- 
tides. «r,  if  tbat  is  ?be  c»»*,  why  don't  wo  fe«l  ill"  For  a  very  iimple 
rea«oo.  lhoLl^b  at  tlw  first  view  not  a  vry  obvious  one.  Air,  s«  a  Huid, 
pr«8ees  eijuaily  in  evertf  tHrettum — upwards  as  well  ss  downward*— aide* 
w«yB  and  every  way.  lie  oompotteni  particles  are  *o  inconceivably 
minute,  iliDt  lb«y  enter  all  subetancea.  even  liquids.  Air  is  mixed  up  and 
circulates  witb  lbs  blood  of  oil  animals;  it  p«n)Mral4>s  all  rbe  ramiticarioRs 
and  innenaost  recesses  of  our  [inrouK  bodips,  and  by  the  pressure  of  ita 
aupenocunibent  strata  is  urgeil  ibrough  lliRin,  alinnst  as  freely  na  thmutjh 
thv  fleece  of  wool  on  a  slieep's  back,  ur  between  the  filin**  and  ihrewJs 
of  a  ball  of  silk.  Now,  it  is  ibis  circulation  tbrou«h  the  intitriur  of  uur 
1k>iIip»  tbat  balances  il*  pressurtt  without.  If  its  weight  upon  »■  w«re  not 
thus  nrutmiiied,  wu  certninlv  could  neither  talk  nor  walk  :  the  lips  of  the 
loodent  ojM^nker,  when  once  cU>«*tl,  could  never  be  op(!nefI.  We  slioiild  be 
a«  mute  and  intmorcahte  as  if  enclosed  in  slatuea  of  lead.  And  \vu  should 
JirJ  It,  t'lo — that  is,  for  a  moment ;  for  it  would  us  efleciuaUy  crush  us  lo 
death,  as  if  we  wcrv  placed  in  rnorlara,  and  pntiet,  each  weighing  1-1  or 
15  tons,  were  suddenly  dropped  upon  us. 

It  is  the  air  within  the  breast  of  the  mother  that  fnrces  milk  into  an 
mfaot's  mouth,  when  the  latter,  by  instinct,  remove*  the  external  presiurs 
from  tlio  nipple  by  auvkitig.  It  is  the  same  with  all  mammiferous  atiimsla. 
The  operaltofi  of  cupping  is  another  illustration  of  the  saine  thing;  die 
nrefiictiun  of  tlie  air  umler  the  cup  produces  a  partial  vacuum  within  it; 
and  as  the  extenial  pressure  of  the  attiTosphere  is  removed  from  that  part 
which  is  under  it,  the  internal  pressure  urges  the  blood  through  the 
wounds.  Were  cupping  imlnimetiu  applied  over  the  oyes,  those  organs 
arould  be  protradeu  from  Uieir  sockets. 

As  it  is  the  prature  of  the  almoBphero  upon  M-hich  th<r  action  of  the 
machines  about  to  be  described  principally  uepuiids,  we  ^isll  extend  our 
remarks  upon  it. 

Suppose  a  specimen  of  delicate  fillagrane  worlt,  formed  of  the  finen 
threads  and  pUles,  and  of  the  hunuin  form  and  sixe.  were  sunk  in  water  to 
Ae  depth  of  34  or  3.0  feel ;  it  would  then  be  exposed  to  ihe  miw  itt^gne 
of  pressure  to  which  our  (xxlies  are  aubject  from  the  ntjnoiipbere ;  and 
when  drvwii  up,  it  would  t>e  found  uninjured,  because  the  wai«r  entMring 
intn  all  its  cavities,  presHed  juNt  an  much  against  ilM  interior  surfaces  aK  the 
Itr)uid  around  it  oguJiui  the  exteriur.  But  if  >i  weru  enclosed  in  a  skia  or 
flexible  covoring.  impervious  to  water,  and  tlien  sunk  as  bef»re,  the  pret- 
siire  of  the  liijuid  around  ii»  exterior  (not  being  balanced  by  any  wtthiii) 
would  crush  it  into  a  shapeless  mass.  Just  so  would  it  be  with  our 
iKKlies,  and  xhotv  of  all  lerreMrial  animals,  if  the  air  within  them  did  not 
coubteruct  tlie  pressure  witliout.  And  a^  long  as  this  interior  ctrculatioa 
remains,  we  can  no  more  feel  the  pressure  of  the  atmn-'jibere  titan  a  fish 
Jtsels  that  of  water';  nor  can  we  be  deranged  or  compressed  by  it,  any 
than  a  bundle  of  wool  is,  or  a  mass  of  entangled  wire.  It  was 
mnce  of  this  simple  fact— ^ir  in  the  interior  of  bodies  exactly  balancing 
('  cxlerior  pro^sur^— that  led  the  ancients  a«tray,and  induced  one  of  tlie 
roosi  soipcious  iuieUecta  that  was  ever  clotlied  in  humanity  (Arisiutle)  to 
•scribe  tliis  pressure  to  "  nature's  abhorrence  of  a  vacuum." 

~'ncc   rhe   invention  of  the  air-pninp   in  1654,  numerous  experiments 
e,  which  deroonstnite  the  pn*»suroof  the  atmosphere.     By  it,  this 
ore  may  be  removed  fnira  one  part  of  the  body,  while  it  is  left  free 
to  art  with  uadimtniahed  energy  on   tbe  opposite  patt ;  as  when  the  ^m 
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oT  ifae  hand  U  held  over  the  niH'nnn!  of  bb  oxhniiawd  reoei wr,  tlie  wvij 
or  pnsuure  of  Utn  lir  on  the  buk  bt^ing  do  tongwr  b«tuK>ed  by  iu  < 
on  thn  ptlm,  the  hand  is  irTP»tsTib1y  held  to  the  ve««ol.  A  en'miiul 
ouuiiir,  whoa«  faantU  and  foei  tire  thus  treeted,  would  hv  ae  effecnull]' 
•ecurfxl  IU  hy  tetters  of  iron.  Pew  things  are  hotter  r-aloitUtcd  lo  ezcil» 
wonder,  mvi  even  horror,  in  the  uvage  mind,  thui  »  p«n  of  the  budj 
being^  thus  rendered  helpless,  as  if  speil-hound  hy  snnin  invi«iblo  agvni 
A  few  years  ago,  an  experitnent  was  mode  with  lite  chief  of  a  delegaooa 
of  PottawaramifS  to  the  sent  of  goveminent,  at  w)iich  the  writer  wu 
present.  Although  the  interpreter  previously  endeavored  to  make  tli^nii 
utiderstand  the  intended  operation,  it  vnW  readily  be  supposed  ihat  fucb 
iin  attempt  most  ntrcessarilv  hare  been  fmitless.  When  the  rereiver  wai 
Gxhansted,  he  was  amiix«>a  ti>  find  his  hand  immoveable,  and  ihat«  bk» 
Jeroboam's,  "  hr  cnuld  not  pull  it  in  again  to  him."  In  bis  endeavors  » 
free  it.  hp  rapidly  ultervd  ihc  characteristic  interjections,  ogh  !  nph  '  and 
at  last  fihrifkff!,  o^  if  in  despair  of  being  dolivcrvd  from  the  power  ofili* 
while  enchanter;  when  bis  uttcndinjr  warriors  fluurisfaed  tbcir  tomahkwks 
and  rushed  to  his  rescue,  oji  if  roused  by  the  war-whoop. 

It  is  not,  however,  necessary  tu  bare  recourse   to  the  fur-putnp,  for 
proofs  of  atmospheric   pressure.     Numerous  opirrotious  diuly   occur  ia 
common   lifu   which   equally   cslahlish   iL      When  a  person    washes  hii 
hand^,  if  he  lock  them  together  so  as  to  bring  the  palms  close  to  oacli 
other,  and  then  attempt  to  raisfl  the  central  paru  so  as  to  form  u  carin 
between  them,  ai  the  nmc  time  keeping  the  extremities  of  iho  paltns  n 
close  contact,  ho  will  tccl  the  atmospheric  preiuurt!  very  sensibly  :  if  the 
experiment  be  made  uitder  water,  tne  effect  will  he  more  obvious  stiQ. 
Analogous  tu  this  is  the  attempt  to  open  the  commun  hnuaehold   belhnra 
when  (he  valve  and  nozzle  are  closed.     The  hoards  are  then  furc«^^>I 
»Hth  difficuliy,  in  roniteouencc  of  the  preaswrc  of  the  air  on  their  •  - 
not  bein?  balanced   by  114  admiatMn  within.     If  the  nuirenal*  anJ 
were  mane  air-light,  and  the  orifices  perfectly  closed,  the  strongr 
thai  ever  lived  could  not  force  them  open.     This  experiment,  we  I" 
was  familiar  to  the  ancients ;  for  we  are  indebted   to  thetn   for  h.  : 
htacksmith  and  doiDcstie  bellows.     Another  experiment  of  theirs,  ot'  a 
similar  kind,  was  with  the  syringe.     When  the  smiill  orifice  a  closed  with 
thn  finger,  thu  piston  is  polled  up  u-ith  diHiculiy.  on  account  of  the  <i.r 
prMsinf*  on  its  surface ;  and  the  momum  wt>  let  go  of  the  handle, 
instandy  drives  it  back,  in   whatever  postilion   ihv   implomenL  ia  h( 
The  ordinar)'  syringe  seldom  exceeds  llircc-fourths  or  one  inch  tn 
t»r.  and  any  person  can  thus  draw  out  the  piston  ;  but  one  of  six  or 
inches  diameter  would  require  a  giant's  strength ;  and  otio  of  a  fatA 
fifteen  inches  woidd  resist  the  efforis  of  two  or  thre*  hursca. 

Nnmeroud  illusiralions  of  atmospheric  pr«s«tire  may  be  derived  froo 
tlie  animal  kingdom.     The  boa  oonstnctor  when  it  swnllows  its  pray 
afiVinls  one.     As  soon  an  i\\is  serpent  ha«  killed  a  goat  or  a  deer,  he  coven 
iis  surface  with  satira :  this  appears  neceasaiy  to  lay  the  U»ng  hair  of  th^te 
untnals  cJose,  In  order  to  prevent  air  from  parsing  between  ihe  t'< 
tbc  victim   and  the  interior  of  the  devourer'a  throat.     Aibsr   lak 
bead  into  his  nnulb,  by  a  wotMlerful  muscular  ener^'  he  altcmaiBl^ 
and  ir/nlractt  the  posterior  portions  of  his  body,  until  Uie   prvssurr 
atmotfphen!  forces  into  his  flexible  skin  an  animal  whose  bulk  ;: 
exceeds  that  of  his  own.     But  if  air  were  to  paas  between  liie  bod\  < 
victim  and  the  dtlututple  i^ullut  of  the  boa.  while  thi;   laiitTr  was  makini;  a 
vacuum  to  receive  it,  the  prustiuri)  of  thu  atmosphere  would  be  neutron 
as  eflecuialljr  as  if  a  gaah  w«rsiDiulethKugh  bia  akia  in  frontofUu  ' 
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una  proeoM  ni»y  be  witnesaed  in  ordinary  snakes,  for  all  serpenu 
Wftlluw  tlioir  pKjr'  whole.  There  is  no  mastication  lo  facilitaiv  (Je^liiti- 
Thuir  apjwr  jbws  at«  loosely  connecUKl  lo  the  tietul,  so  tliat  Ute 
■noQtli  can  h<!  ujiutied  verv  vride,  to  adtnit  lar)^r  aniniBU  than  tlie  stxu  of 
ibo  9L>rp«nu  W'jul'J  l«»d  one  to  suppuve. 

Such  t'xutit[ile^.  it  must  be  admitted,  are  iwi  very  iamiliar  oitet ;  but 
■Imto  is  on  experiment  not  much  unlike  ihem,  that  most  people  have  wit- 
jiasMd.  and  not  a  icw  perform  it  in  ihelr  own  twr^ont  attnost  daily.  In 
every  age  people  have  been  fond  of  oysters,  aod  numbers  of  our  cituwiis 
oAni  luxuriate  oo  a  finer  and  larger  species  than  diose  which  Roman 
ifpicart'S  formerly  imported  from  Britain.  Now,  when  a  ceiitluman 
iodulgea  in  dus  food  in  the  ordinary  way,  be  aHords  a  striking  illustration 
of  the  pressure  of  the  aUnospfaere.  A  large  one  is  o[>cnud  by  the  reHau- 
raicur,  who  also  looseiu  the  aiiimal  frota  its  shell,  and  presunts  it  on  ona 
faalf  of  t>t«  latter.  The  imitator  of  the  boa  then  approaches  hts  lips  to  the 
newly  sluin  iricum,  and  when  they  come  in  contact  widi  but  a  portion  of 
it,  he  tnnnediiuely  dilates  lii?  chest  as  in  the  act  of  inspiration,  when  the 
air,  endeavoring  to  rush  into  lits  mouth  to  inHaia  the  thoras,  drives  the 
uyMtsr  before  il,  and  with  a  velouity  (hat  is  somewhat  alarming  tu  tin 
inexperienced  npertiiirir.  If  any  otw  should  doubt  this  to  bo  effected  by 
«tn»>*ph<>rir  pressure,  let  him  fully  inDotc  his  lungB  previous  lo  attempting^ 
tlitu  to  draw  an  oyster  into  his  luuuili,  and  ho  will  tiod  as  much  difficulty 
10  accomplish  it  as  to  smoke  a  pipe  or  a  cigar  with  his  mouth  open. 

This  philomphipal  mode  of  irunainitiinp  oysters  to  ibe  stomach  is  iden- 
tical in  principle  with  that  proposed  by  (n^uurricke  and  Paptn,  for  shooting 
ballets  "  by  the  rsrelaction  of  air."'  A  leaden  b«U  was  fitted  into  the 
breech  of  a  gun-barrel,  and  t)m  cud  bniug  closud,  a  vacuum  wras  produced 
in  front  of  it  ;  after  which  the  aimusphen!  waa  allowed  10  act  snadenly  nn 
the  ImII,  when  it  whs  driven  through  the  tube  with  the  velocity  nl'a  thou- 
«ani]  fevt  in  a  second.  Just  so  with  the  oy«ter:  it  lays  iiwrtJy  at  the 
eriSr-e  nf  the  dovonror's  mouth^a  partial  vacuum  i^  mode  in  from  of  It 
%y  tbe  Ml  of  respiration,  and  on  dilating  tht;  chest,  the  olmnephi-'rc  drives 
it  in  a  twinklirtg  down  tlic  natural  tiibi^  m  the  throftt — though,  Lo  be  sure, 
■with  a  vf>1i>niiy  somuwhot  less  than  that  of  hulleu  through   Papin's  gun. 

Wbrn  two  substances,  impervious  to  air,  are  fitted  fioduacas  to  exclada 
it  from  liinween  them,  they  are  held  uigt-ilier  by  its  pniMure  on  their 
outJiidcf,  atid  with  a  force  proportioned  to  the  extern  of  the  Burfacca  in 
c»ntAcL  Pieces  of  metal  have  been  ground  Ingether  mi  close  as  r^  b4 
thus  untied.  Two  pieces  of  common  window-glasa  dipped  in  water,  and 
pressed  togeilier,  are  separated  with  difficulty;  because  the  wiitcr  scrvea 
TA  expel  the  air,  and  prevent  its  entrance.  u-Iasa  grinders  are  frequently 
inconvenienced  by  this  circumstance.  If  two  plnteA  of  glam  were  per- 
Cectly  plane  and  smnoth.  so  as  wholly  tn  exclude  the  air  from  between 
them,  they  would  become  united  as  one.  Wo  have  heard  or  read  of  in- 
jtanee«  when  they  have  )>eooRtc  actually  one,  and  were  cut  by  a  diamond 

an  iinliiinry  single  plaie. 

The  b<iys*  '  sucker.'  or  *  cleaver.'  a  circular  piece  of  wet  and  thick 
leather,  about  the  «txe  uf  a  dollar,  \a  another  illustratioa.  This,  when 
|>ries*ed  against  a  smnoth  paving  or  other  stone,  of  live  or  ten  lbs.  weight, 
may  be  used  to  nuse  it,  by  means  of  a  string  attached  to  tlie  centre. 
If  omr  of  tbir»e.  frt'if  ineh^*  in  diameter,  were  ttpplied  to  the  cranium  of  & 
hal!  I   be  elevated  and  suspended  by  it.     Dr. 

jltTii  .iiedepressed  portions  of  fructured  skulls, 
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hjkI  for  other  surreal  op^ratinnt,  Possibly  thev  migbi  be  appliod  wuk 
some  ulvttnia^  to  die  anfi  and  yielding  skulls  of  iDfanu,  in  orwr  to  \rrv- 
duoe  those  rmincnocs  upon  which  (according  to  phrenologuu)  tbe  hsbkU 
and  character  nfindividiiaU  depeod,  as  by  means  of  iliem  die  nKMEiksirv 
bic  organs  of  thought  and  pasuon  might  be  developed,  and  the  oppuait* 
ones  depressed. 

Tho  principle  of  almospbcric  pressure  bus  been  iniroJuced  by  iks 
great  Parent  oT  the  univurse  into  ovury  dt^puntnent  of  animated  and  in- 
animate nature.  Not  only  does  it  perTurm  an  important  part  m  Uw 
vegetable  kingdom,  but  thi*  niovomontt  of  imiumuraule  animals,  on  Una 
and  in  water,  depi'nd  upon  it ;  wliile  others  am  onabled  by  it  to  protect 
thamsvlves  from  onnraies,  and  tu  tfvcure  ihwir  food  and  their  prey. 
Tbure  IS  something  inuxpn^wibly  pleating  in  examining  t-vcn  the  meanest 
sticcimt'Rs  of  iIh'  Creator'*  workmanship,  (if  such  an  expression  may  be 
allnwrd)  and  wbiit  ix  singular,  the  mure  i;luM-ly  we  search  into  them,  tho 
morv  proof's  do  wit  meet  wilh  that  tlie  niwa  elaborate  and  the  most  eth- 
ciont  of  our  ilvvicus  arc  but  rough  copies  uf  itaturul  ones,  which  the  lonrsr 
animals  vary  and  apply,  according  to  circumstances,  with  iaiautablc  dex- 
terity, tiocne  of  these  will  Im  noticed  hero;  otjiers  wtli  bu  more  appro- 
priately introduced  in  subsequ^tnt  chapters. 

The  feet  of  the  common  hous«'fIy  are  constructed  like  the  suvkL-rs  abova 
named  :  oJid  hence  these  insects  are  enabled  to  run  along,  and  even  sleen, 
on  the  ceilings  of  our  rooms,  vnih  their  bodies  banging  dowawanu. 
When  in  an  iuvened  position  tliey  place  a  foot  oo  au  object,  tiiey  spread 
out  tfac  sole,  to  innke  it  ouch  at  every  pan,  to  as  to  exclude  t}ie  nir  frain 
between;  and  wlien  the  weight  of  the  body  tends  to  draw  it  away,  th« 
pressure  of  tho  uxternal  ajr  retains  it ;  until  the  By,  wishing  to  mov«, 
raises  ihc  edges  by  appropriate  mechanism,  and  destroys  the  vocuutn. 

There  is  not  a  more  interesting  subject  for  the  contcmplauou  of  mecha- 
nics than  the  movements  of  these  active  little   beings.     To   behold  them 
running  not  only  along  the  under  side  of  a  plate  of  glass,  but  bIni  up,  and 
more  particularly  Joira  a  vcrrical   otM,  witn  such   perfect  command  over 
their  motions,  is  truly  surprising.     In  the  latter  caw,  frum  the  rap"f<"    -■ 
their  movemenu,  and  tlie  fact  that  part  only  of  their  feet  are   in  <: 
with  ihe  glass  at  tho  samn  time,  onu  might  suppose  the  momentum  i'' 
.moving  bodies  would  carry  them  over  the  objects  thuy  intended  to  ' 
inswad  of  which,  tlicy  dart  aJong  witli  a  precision  and  facility  aa  if  ii'ij 
by  volition  ahnra.     It  is  strange,  too.  how   they  am  enabled   to   pi 
a  sufficient  vacuum   between  their  liny  feci  anu  the  as]M'ritivs  on  an  ordi- 
nary wall  or  ceiling!     And   with  wliul  celerity  it  is  done  and   imdnnet 
How  wonderful  and  how  perfect  must  be  tlie  mocli&nism  of  these  natural 
air-pumps;  and  bow  harmonious  must  that  niachiuury  worik  by  whiob  tfaa 
imurgy  of  tho  insect  is  transmitted  to  them  t     Their  movements  wbca  on 
ibo  wmg  present  ouoilier  source  of  pleasing  research.     Let  any  ingenious 
person  witness,  without  admiration  if  he  can,  a  few  of  them  in  adtKtr-way 
apcli  to  the  sun :  one  or  two  will  be  found  floating  in  the  centre,  as  if 
rest,  until  disturbed  by  the  near  approach  of  another,  when  iliey  dart  u{ 
il,  either  in  play  or  in  anger,  and   drive  it  away;  tlien  resumii>'_' 
uonf,  they  remain  as  gnimJs  upon  duty,  till  called  to  eject  oihi'i 
In  the^  cnmbaLs  Uiey  vary  their  movements  into  every  itni^'i  < 
tion  ;  they  trace  in  ibe  air  every  angle  and  every  curve,  um'     i-' 
with  the  %'Dlocity  of  ihought.     As  they  are  not  himished  liivo  ini»st! 
and  birds]  with  rudders  in  their  tails,  to  assist  in  thus  changing  ihi<ir 
lions,  but  effpci  it   by  modifyinc  die  action  of  thoir  wings,  how  rnrT_ 
muat  be  the  force  thai  works  tKese  !     And  what  perfect  command  mi 
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the  imnct  pouKM  aver  them !  Tl  would  seem  m  if  they  turnod  ih«vt 
bodic«  in  Tvriouii  ilirecdoris,  by  diminiiibiiig  ibo  velocity  of  one  wing,  and 
increasing  that  oflh?  utlmr ;  and  alwi  by  varying  the  angle  ai  which  they 
strike  tho  air,  and  detmiil  by  cJnsin^  them  or  iitnpping  tJieir  I'ibrotions. 
And  witJi  what  vigor  anil  cclcnty  niiiRt  one  nf  ihc^e  in^eoLt  movu  iu  deli- 
cate wnngs  in  order  u>  tteeale  its  oomparalively  lieavy  hoHy  !  Vet  this 
-mnvemeni  is  tnodc  (jiiick  as  the  others.  It  hnunds  upwards,  like  a  balloon 
r«"lt-!i*ed  from  iu  cords ;  now  sailing  through  a  room,  sweeping  round  our 
izxing  at  our  ears,  skimming;  over  the  Hoor,  and  anon  inverting 
_.  and  restinr  on  llie  reilinf; !  Aiui  all  this  within  two  or  three 
nda  of  time,  and  without  any  apparent  exertion  or  fatigue.  Hem  is 
rfiuitfal  subject  of  iiHiuiiy  to  tim  machinist  and  atlronaiit.  All  the  wnndora 
the  automatons  of  Mael»il  and  Mniltardet  ever  wrought,  are  nothing 
comparBd  to  those  that  may  yet  be  accomplished  by  studying  the  organi- 
sation and  motions  of  thes«  bvinfr  machines. 

But  there  are  larger  animals  than  Hies  that  suspend  themselves  in  an 
inverted  poMiion.  Mr.  Marsden,  in  his  "  History  of  Sumatra,"  (London, 
JHII,  p.  119)  meiitioiis  lisartU  four  inches  lone,  which,  he  u)iserve«,  are 
the  largest  reptiles  thai  can  walk  in  an  inverted  situation.  One  of  them, 
of  size  sutBcieoi  to  devour  a  cockroach,  runs  on  the  ceiling  of  a  room,  and 
in  thai  sicualJon  seizes  its  prey  with  the  utmost  facility.  Sometimes, 
bowpver.  when  springing  too  eagerly  at  a  By,  they  lose  their  bohl,  and 
Anp  to  l\u-  lloor. 

The  (Jtrtryj  of  Java  and   other  countries  ii  famished   with  aitttilar  ap- 
|)«ratufl  in  iu  feet,  by  means  of  which   it  runs  up  ifao  smoothest  polished 
wralls,  and  e%'en  corries  a  load  with  it,  equal  in  woii^hl  to   that  of  its  own 
y.     OsI>^-i:Ie  mentions  lizards  in  China  that  ran  up  and  down  tho  walls 
ilh  such  uejihly  a»  "  they  con  scarce  be   caught."     The  Irtt  frog  of  thia 
uniry  adheres  to  the  leaves  of  trees  by  Llic  tubercles  on  its  toes  :  a  young 
ne  has  sustained  itself  tn  an  inverted  position  against  (he  uiidcr  aide  of  u 
of  gUw.     From  the  obacrvations  of  13.  Jesse,  author  of  'Gleanings 
aiural  History*  it  appears  that  common  frogs  can  occanonully  do   the 
His  account  is  very  interesting:    "  t  may  here  mention  a  curious 
ibsenration  I  made  in  regard  lo  aomo  froga  that  had   fallen  down   a  small 
irhkh  gave  light  to  one  of  the   windrjwrs  of  my  house.     The  top  of 
in  area  being  on  a  level  with  the  ground,  wus  covered  over  with  some  iron 
-  ■  '.  which  the  frogs  fell.     During  dry  and  warm  weather  when 

s  I  absorb  much  moisture,  I  observed  them  to  appear  almost 

■  al  when  it  rained  they  became   impatient   of  their  cdtitinement, 
■  't^onfd  !<•  make  thvir  escape,  which  they  did  in  lh«'  followinw  man- 
Tim    wrII    of   tltt}  area  was  about   five  {«et   in  height  and    pla»- 
i?d   .ind    white-washed  as    smooth    as   the   ceiling   nf  a   n>nm  ;    upon 
■  1  V  tho  frocs  wxm  found  that  their  claws  wimid  rendi-r  them  little 
:  -i^taiico  ;  they  therefore  contracted  ihwir  largi*  fc<;t  so  as  lo    moke 
hollow  in  thw  centre,  and  by  moans  of  th«  moisture  whicli   tliey  had  im* 
'  in  ciinseqiM'ncD  of  the  rain,  lliey  contrived  to  j)rodiice  a  vacuum,  80 
ly  the  prvsstjre  of  the  air  on  their  extvntled  fret,  (in  the  same  way  that 
Ifoys  take  up  a  *inn»  by  means  of  a  piece  of  wet  leather  festened 
a  •tring)  they  iucemte<l  (he  wall  and  made  tlmir  encape.     This   happen- 
■ ,   in  the-  course  of  threo  years."— I' 1.11.  Ed.  V833.  p.  140. 

<- crusloeeous  animals  adhere  to  rocks  and  stones  by  the  same 

Uut  it  la  not  (In*  stnallcr  inhabitants  of  (tithnr  ihw  land    or  the 

■•,  butterflies,  he«»,  6u^  *omv  of  which  scarcely  weigh 

*  and  ''"g".  A^-  uf  Hveiir  six  ounces, , which  ilius  nustam 

t  gravity  ;  for  ib«  enormous  walrus,  that  som«times  ex- 
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tXfdi  B  ton  in  weight,  U  fumwkt-ij  by  the  Crrulor  w'ah  tn«]nL-n.t. 
iu  1iift  hinder  tWcl ;  aad  thus  climba  bv  stincMphfric  praMut' 
fftcesiof  ic4>-liergs.     How  forcibly  do  tbe6G  exampW  illumiM.. 
connection  which  subsists  bciwctm  the  «-rinoD«dcparunriii«of  K 
loaophy.   A  knowledge  of  one  i7itfvijF'furnuikc3aKey(wbcdiorit  ix- 
not)  to  open  some  of  the  rayBterie*  of  another.     Thtu  a  {lenKm  who 
ttAiids  the  principle  by  which  water  is  rBiaed  in  a  nmple  nump,c  < 
plain  aoRw  of  the  most  surpriaing  Iwrta  in  the   nalurml  niatory  < 
and  solve  prtihlnns  resjiecting  the  rnntions  and  orgaok  of  moUuus 
meruua  tribes  of  animated  beings,  which  two  or    three  centuriea  a_ 
most  eRlighirned  philiuophers  could  not  comprehend.     And  witli  n  • 
pump,  he  can  inurcnvcr  determine,  aaunih  aharometsr.the  tscaauiim  • 
all  acccMJIilf  heighis,  and  with  a  d«gre«  of  accuracy  that,  m  some  caaaa, 
is  df^med  pret'crable  to  geometrical  demonalr«tion». 

Wh^n  two  ftnluumces  arc  brought  together,  at  floint:  disiutce  hriow  Om 
sarfncc  of  water,  ami  to  •«  to  exclude  it  from  bet^^'CL■^  ibem.  they  aie 
then  prCMed  together  "with  a  (broe  greater  than  when  in  tlie  air,  b»- 
cauac  the  weight  of  the  perjiendicnlar  column  of  vi-aier  over  i^em  u 
then  added  lo  tlutt  of  ihr  atmotphere.  Numeroua  exsinplea  of  thia  com- 
blnril  pre«sun*  are  also  to  be  found  in  the  natural  worUL  By  i),  various 
apncies  of  fiwh  udhere  Iu  roclu  and  atones  in  the  depths  of  ibe  aea,  &aai 
which  they  cannot  be  aeparatrtd  'rxccpt  by  (earing  their  iNxliea  asuuder. 
Some  by  mi!an«  of  il  uUucli  thimtM^Ivfti  in  thr  bodies  of  uthvn,  and  tbet^ 
by  frnvene  the  ocean  M-ithnut  any  expenaeorexcrtiott  of  their  own,  anne- 
what  like  dishonest  trarfJcm,  whoeluilethe  payiitrnl  of  their  (are ,  There 
am  several  Hiiertes  ot  h.*h<-K  knou'n  which  have  a  si'|karale  organ  of  adh»- 
tion,  iind  llien*  an-  duubtlevt  luauy  more  M'hich  have  not  yet  com"  urifler 
tli«  obnervatton  of  iiijui.  Tlie  moat  celehrnted  is  the  rpmora  or  nrkmtg 
fish  of  Dampier  and  other  nnvigaloni.  It  is,  \a  «ixe  and  iliape,  aiioiLar  tn 
a  large  whiting,  exce|it  (hut  the  head  is  much  AatLer.  "  From  thv  hwid  to 
the  middle  of  its  back,  {observes  Dainpier)  tbare  groweih  a  portof  Beahof 
a  hard  griaily  substance,  like  (l>at  of  the  limj^L  Thu  excrescence  is  of  a 
flat  oval  form,  about  7  or  8  inchex  long,  and  o  or  C  broad,  and  riMog  abiMsi 
half  an  inch  high.  It  la  full  of  small  ridges  with  which  it  will  fasten  itsarlf 
to  any  thing  thiit  it  meetn  with  in  the  sea.  AV'tieu  it  ia  fair  weather  ami 
but  little  wind,  they  will  play  aliout  a  ihip,  but  in  blustering  weatb«r,  or 
when  the  ship  sails  quick,  they  commonly  fasten  themtelvM  to  the  ship'i 
bottotn.  from  whence  oeiUier  the  ship's  motion,  thuugli  never  90  swift,  nor 
the  most  tempesuioua  sea  can  remove  them.  They  will  likewiae  faaun 
themselves  to  any  bigger  Hsh,  for  they  never  swim  fast  themselvM,  iftktm 
meet  'eilh  axy  tltt-ng  lo  carry  tJum.  1  have  found  them  sticking  10  a  sbam 
after  it  was  hal'd  in  on  deck,  though  a  shark  is  so  strong  and  boisicroui  a 
Rnh,  and  llirows  about  him  so  vehemently  when  caught,  and  for  half  aa 
hour  together,  that  did  not  the  sucking  6sh  stick  at  no  ordinary  ru«,  it 
must  needs  be  cant  ojfbyso  much  violence."*  They  are  luniliar  to  DiaH 
of  €Mir  seamen.  Other  species  have  a  circular  organ  of  adhesion,  costsiM- 
ing  of  numerous  sof]  napilln,  and  placed  on  the  lliorax,  instead  of  the 
top  of  the  head,  as  in  the  remora.  In  some  fish  the  ventral _/iiu  are  unit 
and  are  capable  of  adhesion.     In  the  tatnprey  the  nunUk   ountr««l5 


•  Oainpiar'.  Vnvajts^  ri.  oJlt.  I7J7.  Vol.  t,  W.  sikI  \vA.  ii,  psrt  lit,  p.  110.  Tn  tto 
tile  plalp*  irf*  Vuf  III,  i"  n  ll/itrs  of  ffn«>  Fl|nire>  a(  llw  eicrvaciraF*  nc  ■■ekiRi  |ian 
of  the  iMiMrs,  anil  of  the  l«vt  uf  Ike  heosMy,  Butj  In  Mum  in  L>r.  Hrowsiar'*  l^usn 
on  Natural  Hsiiu. 
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[bru  «r«  ■  ntuckrr ;   whil«  ()iKt  ctirktiu  ftnimat  the  mn1<*  fi^  flecttms  (lie  vie- 
[dms  ihtit  t'lll  iiiiii  it.x  Iniiil  cmlimccs  by  the  stickors  on  its  arnu. 

'1  '  <>ti-.  }iri-<>xiin;  thftt,  at  i^mt  dt-ftths,  iinitio^  ibf^se  iithalitUinl))  of 

llbe  -  '  [>r>.y.  1>->1  mnn  to  employ  them  to  hunt  the  sea  for  hi.*  benefit 

reii  an  ihuir  own.     }tnth  the  rcinori  aii<l  lainpn-y  tribe  have  been  tue<l 

1»,  pur|to«e.   Coliinibiii  whrn  on  tbt;  coiul  of  St.  Donjiogn  was  (creatly 

1  fMt  l>i-hol(ltii^  l)w  Indians  111' that  islunti  fishing  with  them.    "They 

ill  bfth,  the  tlat  bt'itd  of  which  was  fiimiabeil  witli  numcrouii  suck* 

en,  liy  which  it  altarhed   itself  90  firmly  to  any  object  ba  10   be   torn  in 

liecc*  railker  than  abaiMinn  it«  hold.    Tying  b  long  string  to  tbe  tail,  the  In- 

liana  pcrnuitcii  it  to  swim  al  large  :  it  gencrujiv  kept  near  tbe  surface  till 

perceived  ita  prey,  wltun  darling  down  swittly  it  altsL-hcd   iiaelf  to  the 

at  of  a  l^sh,  or  to  the  under  shell  of  b  tortoise,  when  both  were  drawn 

ip  by  the  lisberman."     FertliauKl  Columbus  saw  a  shark  caught  in  thia 

incr." 

The  saine  mode  of  fishing  was  followed  at   Zan)fueb«r,  on  the  eaatern 

■t  of  Afric«.     Thi?   inhabitAnts  of  tbe  cooat  when   fishing   for  turtle, 

'  take  a  living  sucking  tish  nr  rmurra.  and  fasioning  a  couple  of  strings  10  it, 

(one  at  die  head  and  ihir  other  at  the  (ail)  they  let  ibe  sucking    fish    dowii 

into  the  water  on  the  turtle  ground,  among  tbe  half  grown  or  young  turtle; 

when  they  find  that  the  fish  hath  fastened  himself  to  lite  hack  of  a  tur> 

tie,  «s  be  will  soon  do,  ibcy  draw  Kim  and  the  turtle  up  together.     Thia 

vray  of  fishing  as  1  have  heard  is  also  used  at  Madagasear."" 

Tbe  remora  M-as  well   known  to  the  ancients.     History  baa  preserved 

Joua  account  uf  their  having  tbe  power  to  atop  a  vessel  under  soil, 

ohiog  tbnm^elves   to   her  rudder.     A   Homan  ship  belonging  to  a 

it  is  said,  was  thiia  arrestHd.  when  she  "  eUhhIs  atil  as  if  she  )md  lien 

Bukcr,  not  stirring  a  whit  ottt  of  her  place."     There  is  another  illustra- 

of  the  enormous  pressure  that  fisbi»  endure  at   great  depths.     Tbe 

volume  of -iir  that  is  ronlained  in  tbe  bladder,  and  by  rbe  expansion 

contraction  of  which  they  ascend  and  descend,  is  at  the  botiom  of  the 

comptvssed   into  n  sjwcu   many  times  smaller  than  when  they  swim 

'  the  surface.     (At  33  fret  from  the  aurlaee  tL  uccaptce   bu:  one  half.) 

ence,  it   freijuently  occurs  ihitt  when  such   fish  are  M4/i/i*a/j/  ilra»'n  up, 

dw  oxl  nn  the  banks  of  Newfoundland)  tbe  membrane  liursts,  tn  con- 

ofthe  diminished  prestture,  and  the  air  rushing  into  tliniibdmnen, 

the  itit«stiDes  out  nf  the  moulii.      Fnim  a   stmilir  cau«e,  blood   is 

oat  of  the  ears  of  divers,  when  tlie  licU  ihut  contains  t>iciu  is  quickly 

up.     Tbia   pressuro   is  also  evinced   in  ibc  fact  that  the  timber  of 

cd  vessels  ocver  rises,  hecftuau  the  poros  becoimi  compIeU'ly  tUlod 

water  by  tfao  prcasurc  of  tbe  sqpurincumbonl  mws,  ukI  the  wood 

beeoraea  altnoet  *  beuvy  a<  iron.' 

Tbe  pressun)  of  the  atmosphere  nn  liquid  a  oi^ually  obvtoua.     When 

boekel  or  other  vessel  is  sunk  iu  water  [ind   then  raiaeil  in  oil  inverted 

ition,  the  air  being  excluded  fruin  acting  on   die  surface  of  the  liijuid 

bin,  Btill  presses  on  that  williuut,  ■s't  liial  iJie  water  is  suspended  in  the 

bI  ;  and  if  tbe  under  surface  of  the  liijuid  could  bu  kept  level  and  at 

water  nii::bi  lie  imn^ported   iu  buckeu  thus  turned  upside  down,  aft 

toolly  aa  in  tfit-  urdimiry  mode  of  conveying  it 

he  expfrtmeul  with  n  goblet  ur  tumbler  presents  a  vetr  neat  illustra- 

Onc  of  these  filled  with  water,  and  having  a  piece  of  writing  paper 

and  held  close  dil  the  vessel  be  iftverteu,  will  retain  theiiijiiid 
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wi()iin  ic     In  ihis  cx]>eritumt  the  paper  merely  prescrvi'^  tbv  liijiiid  iw 
fofc  Itvel ;  it  rt-mains  pcrft'cUy  freo  and   loose ;  aad  so   far   from   Iwing 
clow  to  the  Ktlgo  of  Uiu  glass,  U  may,  while  iho  laUcr  is  lii-lil  in  a  ft  '    ■ 
tal  yoiHion.  \ie  withdrawn  several  linca  frum  it  wiUiuut  ibi'  warer  c»<  . ; 
wid  ii  iiiiij-  be  piurccj  full  of  soiali  boles  with  Uio  same  effecl. 

IT  an  ins'4.TU:d  ves»*l   hv  tilled  with  any  material  that  cxrludes  llirr  nir, 
arttl  whu«e  spucific  gravity  U  greater  than  that  of  Wiitcr,  when  Ii 
into  till!   Inttcr,  tltu  coniuntj  will  descend  and   be  repUcud   by  ih'*  ' 
A  lititilu  blied  with  sand,  ahoi,  &c.  and  inverted  in  wiwr.  will  liave  lU 
contuniA  exchanged  for  the  tatter.     As  lhe«o  substance*,  howuvcr,  do  not 
peHccily  jUl  the  veinel,  and   of  course  do  not  exclude  all  the   air.  llic 
exp«nineni  Huececdt  bvuor  when  the  vcascd  contains  hea.vy  liqrM*'"  •' 
mercury.  iHihihurie  acid,  Ace.     It  U  said  that  negroes  in  the  \Ve»i  . 
ofwn  iiuert  tne  long  neck  ofa  boulo  tilled  with  water,  into  the  )jun|;-i>"ii-< 
of  rum  puncheon*,  when  the  superior  gmviiy  of  tlie  water  (in  this  cose) 
deecetidi).  and  is  gradually  replaced  witii  the  lighter  spirit. 

In  the  prtH»ding  examples  and  those  in  subsequent  chapters,  it  will  he 
foutid  thiit  wherever  a  vacuity  or  partial  vacuum  is  formed,  'i 
air.  by  the  pressure  above,  rushes  in  and  drives  before  il  th*- 
inwrvenes,  until  the  x'oid  is  filled-  If  the  nomte  of  a  pair  oi  lieliows  tie 
closed,  either  hy  the  fin»cr  or  by  a  small  vnlve  opening  outwards  ;  and  a 
short  pipe,  the  lower  end  of  which  is  placed  in  water,  be  secured  to  the 
opening  in  the  under  board  which  \s  covered  hy  the  clapper;  ihen  if  the 
bellows  be  opened,  the  pressure  of  the  atmosphere  will  drive  the  water 
up  the  pipe  to  till  the  enlarged  cainty.  and  by  then  dosine  the  boards, 
the  liquid  will  be  cxpclbd  tnrough  llie  nozzle.  Bellows  thus  arntngud 
become  sacking  or  atmospheric,  and  forcing  pumns.  When  the  orifictfof 
a  syringe  is  inserted  into  a  vessel  of  water  and  tite  piston  drawn  up,  the 
air  having  no  way  to  enter  the  vacuity  thus  formed  than  by  the  smtD 
orifice  under  the  surface  of  the  liquid,  presMS  the  water  before  it  tnto  the 
body  of  the  syringe. 

fU  e%'ery  machine  described  tn  this  bonk,  and  most  of  those  in  the  next 
one,  both  prove*  and  illustrates  aimoapheric  pn-wure  on  litguids,  wp  need 
Dot  enlarge  further  upon  it  here.  There  arc  however  wme  other  jwrtj- 
eulars  relaUng  to  it,  which  are  necesaarj-  to  he  known :  fint.  ihiit  il» 
pTftiiaure  is  limited ;  and  secondly,  that  it  varies  in  intensity  at  diffi-mnt 
parti  of  tlic  e-iirth.  according  to  their  elevation  above  the  siiriico  of  the  «•«. 
These  important  facts  an-  clt-arly  e«tal>li»1ied  in  the  accounts  ffiren  of  (bfl 
discovery  of  the  air's  pr«r»«ure,  n  nketch  of  which  can  scarcely  be  nut  of 
place  here,  since  it  was  a  pump  that  Rrsi  drew  the  attention  nf  mtKlera 
philosophers  to  the  subject,  and  which  thereby  became  the  proximate 
cause  of  a  revolution  in  philosophical  research,  ihu  will  ever  be 
dered  an  epoch  in  tlte  history  of  science. 
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CHAPTER    II. 

flhaamj  at  M»MpfcBk  fir^mrD— Clnunnuiin«  whtcb  M  u>  It— Oalflan— TnrtlBHtt    BtwBM 

■IMCWMal  ^  lb*  lotur— C^nirovan;  iw|i«rnD|  th>  r«aaU*_hMal— bit  JfrniMitrMim  •<  Ito  nOM 

■ha  •ami  af  wuar  !■  p«nif>^-1a*Mitioa  af  llir  iiit-)>iiiD|i^E)*ruHiiirr  viit  tl*  intwii*  iip)iia«toM 

■ity  of  alaavpJMnc  pramr«dUlrr«ilaiiUiH*Bi  f vu  vf  (li«  Hnb— A  kiowMfaaTtluiMCMnry 

■-■•■Iwr*— TW  fiaiki  to  aUch  watM  ur  bn  iih»<  in  MBMyhcric  p«ai|n  ktiiHni  ut  ■iitiiw 


In  ih«*  year  I64I,  a  pump-maker  of  Florence  mule  nn  almospheric,  or 

hu  WB9  called  a  awJam^  pump,  the  pipe  of  whicb  extcndAtl  from  50  to 

tW*!  nbove  thfl  woler.     Wt>eu  put  in  operation,  it  wiu  of  rour»a  inca- 

of  raising   any  over  32  or  33  feet.     Su[tpriaing  this  to  have   been 

ilantHl   by  »nme  defect  in  the  con.uruction,   the  pump  wjul  rBrffulIy 

xamintKl,  arul  hcinn  found  perfect,  the  operation  waa  rf[MfaIfd,  but  witfi 
\iv  Juimo  rt-»uIlJi.  After  numerous  trials,  llic  auperiiiteuduRtof  iht^  Grand 
Juke'n  water  works,  according  to  whose  directions  it  had  l^tcn  niiido, 
nn»ulted  Gaiileo,  who  was  a  native  of  tbe  city,  and  then  reaideJ  in  it. 
revious  to  thi«  oceurrenoc,  it  was  universally  supposed  tbat  water  waa 
lined  in  pumps  Ijy  an  occult  power  in  nature,  which  reaisied  with  con- 
oderable  force  all  atiempU  lo  make  a  void,  but  which,  when  one  wa« 
iadr,  used  ttie  same  force  to  fill  it,  by  urging  the  next  adjoining  subalance, 
'  a  dutd,  into  the  vacant  apace.  Thus  in  pumps,  when  the  air  wiu  with* 
rawn  from  their  upper  part  by  tlie  'tucker,'  nature,  being  thua  violatml, 
Mtanlly  forced  water  up  the  pipes.  No  idea  was  entertained  hy  philo- 
phent  at  this  or  any  preceding  peiriod,  that  we  know  of,  that  this  lurc« 
as  ttmiled;  (hat  it  would  not  as  readily  force  water  up  a  perpendicular 
ubu,  from  which  the  air  was  withdrawn.  100  feet  high  as  well  an  ?0— 4q 
he  top  ot  a  hi:jh  building  as  well  as  to  that  of  a  low  one. 

When  the  ctrcuoisliirices  attending  the  trial  of  llie    pump  at    Florence 
I'Bpe  plai:ed   before  (ialilco,  (his  altention  having  probably  never  before 
eeu  Ml  closely  directed  to  tlie  subjcci)   he  could  only  reply,  that  nature'* 
bhorrr'nctf  to  a  vacuum  was  limited,  and  that  it  "  ceased  to  operate  above 
gill  of  'i'^  fe«L"     This  opinion  given  al  the  moment,  it  is  believed 
It  sadilactory  to  him*eif ;  and  his  attention  having  now  Wen  roused. 
icfw  can  be  no  douht  thai  he  would  have  diitovered   the  real  cause,  had 
lived,  esjiecially  as  he  was  then  aware  thai  the  atmosphere  did  exert  a 
nite  pressure  on  olijecis  on  tlie  surface  of  the  earth.     But  at  that  period 
illuslrious  man  wax  totally  blind,  nearly  SO  years  of  a^,  and  within  a 
w  months  of  his  deatli.     The  discovery  is  however,  in  some   measure, 
r  to  him.     It  has  also  beeo  supposed  thai  he  commtmicaled   his  ideas 
die  jubjnct  U>  Torricvlli,  who  lived   in  his   family  and  acted   as  his 
during  the  lost  three  raonlhs  of  his  life. 

1643  that  TorHcelli  announced  the  great  discovery  that  water 

in  pumps  by  the   pressure  of  thu  air.     This  Ite  established  hy 

^  »nli«fttc(ory  experiments.     The  ap)iaratus  in  his  first  one,  was  made 

imitAtioti  of  the  Flon-ntme  pump.     He   procured  a  lube  (JO  feet  longt 

'  secured  it  in  a  pcrprndicoiar  position,  with  Its  lower  end  in  water; 

having  by  a  synnge  uxiracled  the  air  at  iu  upper  end,  he  found  the 

row  only  33  or  33  feet,  nor  could  he  by  any  elfort  ioduce  it  lo 
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wc«nJ  higher.  Hetht^n  ruducol  theWnffth  ofitK.'  ]iij».'  (u  40  4i!et,  witltWit 
toy  bcttt>r  success.  It  tiuu-  DccurrcJ  lo  htm,  that  if*  it  r>.-3llv  Wk>  llw 
Atinosphenf  which  supp(irt»d  this  column  uf  water  in  ihr  pif>v,  iht^ii,  if  b< 
Brriplov^d  •oini?  other  iHjuid.  the  *(»«ictfic  ^rtivlty  of  which,  conipam.I  wiili 
thftt  of"  ^v«Ut,  wan  Icnuwn,  a  r.oUiniii  of  sui-h  hqiitil  would  [-■  - 
the  tube,  Iff  a  h-Hgllt  projn/rlumrd  to  it»  gramty.  Tliw  \)vm 
hv  soon  stiUnittucI  to  the  Ivst  of  expt^raont,  «itd  by  »  very  twul  utiU  *iiii|)ic 
Rppumtus, 

Qutckmlvcr   bciiiji   14  limtH   hcaritr  tlwin  wntrr,  he  M!l>.M:t«d   it  aa  I&e 
most  Ntiiliit'lt?,  since  ch«  oppitrtliis  would   i>«  moru  inanagrr^blp;  and  from 
Cbe  small   diim'iLsions  o(  tht?  rKi)iii»iti;  ui(je,  a  syringn  to  oxbaust   the  kir 
could   ho  (lispeuwd  with.     He  tht^refore  took  a  gjaBs  tubv  »bout  (•''>'  ''''■••' 
long,  seailffd  at  one  ttnc)  anil  ujwn  at  ih«  utiwr.     This  hu  coinplrtui . 
with  ijuicksiltor,  which  of  cuiirite  expfllMJ  ijittair;  Uien  placing  h.- 
on  tht>  npvtn  *>m!,  htt  inverted  the  tube,  rimJ  introductMl  the  njH>ii  vmi 
the  ftirCice  of  a  ({imnlity  of  memirv  in  an  open  vkmmI  ;  i)i«n  tno'. 
tube  into  s  vm-iicsl  position,  he  withdrew  hit  finger,  when  \i^f- 
mercury  descended  into  tlie  hutn,  leavine  a  vacuum  io  il  - 
the  ttiU',  while  die  rem  wu  supported  m  it  at  the  h>' 
inthen,  us  he   had  Mtisfwcted,  being  one- fourteenth  of  thu    iiLJj;ju  i»l  lin: 
acgueous  cdIijiihi.     Tlii»  iimple  snu  trnly  ingenious  exjiunmeni  wa*  fni- 
(]Uently  viiried  atid   repealed,  but  alwsy»  with   the  same  rvsull,  and  raaa 
iiave  imparted  to  Torneelli  the  most  ex<]ui»ile  gralifiotuon.* 

Accounta  of  Torrieelli's  ex[»eriments  were  soon  spread  ihrougbout  Eu- 
rope, and  every  where  caused  an  unparalleleil  exritemeiil  amuii^  pbdor*- 
tiherft.  This  was  natural,  for  his  discovery  prostrated  the  long  cheriihrd 
oypilhesis  of  nature's  ahhoreiKe  of  a  vacuum ;  and  attheaanie  time,  openrd 
unexplored  regions  to  scienti6c  reaearch.  It  met  however  with  tddcI) 
(^position,  particularly  from  the  Jesuits  ;  in  many  of  whoro  it  is  said  to 
bavB  excited  a  degree  of  '  horror"  sitotlar  to  that  experienced  hy  ticm  nn 
■ho  pablicalion  of  Galileo's  dialogues  on  t]ie  Ptolemaic  and  Copomicaa 
systems.  They  and  others  resisted  the  new  doctrine  ^^Hth  great  per*^ 
verance,  and  even  endeavored  to  reconcile  the  results  of  ' '  '   limcDts 

with  l\\efii§a  vacvi  they  so  long  had  cherished.     It  was  iv  cnn- 

tended  that  ilie  experitnent  with  (juickEilver  do  more  provoi;  :tia:  thefiuce 
M'hich  bUiitained  It  in  the  tube  wss  the  pressure  *^i  the  ainiospheru,  thaii  the 
column  of  ualer  did  in  the  Hrsi  experiment;  allowing  this,  It  proved  thai 
tfab  force-,  whatever  It  waa,  varied  in  its  effecta  on  diSwrent  limiiil'.  nrrmd- 
ing  to  thi-ir   spt'tifir  ^;ravity  ;   a  fact  prt-vinusly  unkimwii.  am!  '  y 

incnnsisieni  with  nature's  antipathy  to  a  void,  which  might  be  '-   ,  ,  -.o 

produce  ihe  same  effects  an  all  (tuida — to  have  aa  great  an  abtmrmee  to 
mercury  as  Ui  water. 

During  the  diacuasion  great  expectations  were  entertained  by  the  advo- 
cutca  of  the  new  doctrine  from  Torricolli ;  but  unfurlunalcly.  this  phihiao- 
pher  dii-d  suddenly  m  the  midec  of  hia  pursuits  and  in  ihu  very  vigor  of 
monbocxj,  vi«.  in  his  39ili  year.  This  look  place  in  1047.  The  subjvd 
woa  however  too  intercsung,  and  loo  iinpuruol  in  its  cousequeiicet.  10  bo^ 
lost  sight  of.  Ho  had  upened  a  new  pain  into  the  Gelds  of  - 
philosophors  in  every  part  of  Europe  had  rushed  iniu  it  wiili 
ardor  to  be  stopped  by  his  decease.     Among  the  inosi  eminent  ul  Ujl 

•Thi*   nppflfnn^  fniplftjf^  to  lhr«;  cipcrunrnts  wm   nol  angii)>l  w  itli  Tor 
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Wiu  Pucal,  A  FreiH!^  malheiHRtidaii  anH  tlivine.  In  1646  he  Umlertook 
li>  ••■rif»  till!  ext»i*nraent«  of  Torricelli,  and  Nlill  (tirthir  I"  vary  ihem. 
Ha  <i«RtJ  tiiltea  rif  f^lut*  fiirlv  I'rCt  lunv,  liivmg  otir  '-nd  closed  to  svoid 
U)«  UMn  oru.  nyringc.  H«?  liifi^d  ouc  uttn  wiike  and  anolbf^r  with  wiilpr,  and 
invBrteU  thoin  into  busin*  coataining  ihc  «un«  tiiuidN,  ft^rr  the  manner  of 
Torricelli'a  meretirtat  vxpc^riramt.  As  t)t(>  flperitic  gravity  of  iJivsv  liquiJfl 
wa«  out  di^  uune,  ba  niiticipaUsil  a  dillerence  in  tjii*  )cn[j;th  uf  iho  two  co- 
lumtM  ;  atui  inch  wu  ibo  fact.  Tba  water  remained  tiupcTided  at  the 
height  of  thirtynine  feet  on«  inch  and  four  lintts;  whil**  iho  li^fhiur  wine 
•toud  al  thirty-lhrve  f«ct  three  inches.  Pascal  was  nttnckvd  w\xh  ^tvvX 
virulence  by  Fallter  Noel,  a  Pariaian  Jesuit,  wtio  rt^«i»led  thtr  m-w  doctrine 
with  infuriate  zeal,  a>  if  it  alao  waj  heresy,  like  Ualtleo'«  doctrinv  uf  the 
eofth'd  motion  round  tlie  nun. 

AfWr  makini^  several  experimentx,  one  at  length  occured  to  Pascal, 
which  hi.-  lorrsaw  would,  if  succesMful,  ••fitrrtii'illy  silMntw  all  ohji-'Ciora. 
H«  rtrasoiicd  iliua:  If  it  is  really  the  weijflit  or  tir<>»aure  of  thfatinosphfre, 
that  nutfliuns  water  in  puiii|ri,  and  niurcury  iii  tlie  tulic,  then,  ihu  intvnnty 
"  lhi«  pressure  will  be  k*t  on  the  top  of  a  tnountoit]  than  at  il«  foot,  be- 
ttiere  is  a  less  portion  of  air  over  tu  summit  than  over  it*  hue ;  if 
ifore  a  column  ^K  mervttry  is  suttJiincd  at  28  or  any  other  nunibor  of 
inches  at  the  bara  of  a  very  lush  mountain,  this  column  ought  to  diminish 
p»diu»ily  as  the  tabe  is  carrietf  up  to  the  top;  wherea*.  if 'tlie aimoBphore 
hu  no  ci^mnection  with  llie  BK«nt  of  liquids,  (as  contended)  then  the  mer- 
cury MriJI  remain  the  same  at  all  elevation!,  at  the  bate  an  at  the  summiL 
Bcuitf  iM  Paris,  he  addressed  a  letter  to  liis  brother-in-law,  M.  Perrior, 
(in  |(>47)  from  which  the  following  is  un  extract :  "  I  have  thought  of  an 
experiment,  which,  if  it  can  be  executed  witli  accunicy,  will  tilono  l>o  suf- 
Bciont  to  elucidate  this  subject.  It  is  to  repeat  the  Torricellian  experi- 
ment several  times  in  the  same  dav,  witii  the  aame  tube,  and  the 
ssnttt  mercury  ;  sometimes  at  the  foot,  »omeumc$  at  the  ttummit  of 
«  HMrastain  nve  or  six  hundred  fathoms  tn  height.  By  this  means 
wv  shall  ascertain  whether  the  mercury  in  the  lube  will  be  at  the 
•aoM  or  a  difTorent  height  at  each  of  theie  stations.  Vou  perceive  with* 
out  doubt  lliai  this  experiment  i#  decisive ;  for  jf  the  column  of  mercury 
\sm  lower  nt  tiie  top  of  the  hill  than  at  tlio  base,  as  I  think  it  will,  it  clear- 
ly shows  tltat  the  pressure  of  the  air  is  tlie  sole  cause  of  the  suspensioa 
M  the  mercury  in  the  tobe,  and  not  the  horror  of  a  vacuum ;  ob  ii  is  evi- 
dntit  tlten*  is  a  longer  column  of  air  at  the  bottom  of  the  hill  than  al  the 
tap;  but  it  woald  he  absurd  to  suppose  that  nature  abhors  a  vacuum 
mure  at  the  base  liian  ai  the  summit  of  a  bill.  For  if  the  siupension  of 
the  ttMrrcory  in  the  rabe  is  owing  to  thr  pn-Mure  of  the  air,  il  is  pliun  il 
tnust  be  aquat  to  a  odomn  or  air.  whntte  dinmt!ter  is  the  same  with 
that  of  the  mercuri&l  column,  ami  whose  height  is  e<{ual  to  iliat  of  the 
atmn^plivw.',  from  the  sar&ce  of  the  mercury  in  the  basin.  Now  the  ba*5 
K-;'  '■  same,  il  is  evident  the  preasure  will  Ims  in  proportion  to  the 

b>-  .  ij  column,  and  that  the  higher  the  column  uf  air  is,  the  longer 

will  til-  tlK-  column  of  mercury  that  M-ill  bo  susiained."  This  tVfH-mnen' 
tmm  rrvni,  wiis  made  on  the  19lh  September,  164S,  the  year  Hftor  Turn- 
call: '•  death,  on  llie  Puy  do  Dome.  nearClermont,  tlie  higlteet  mountain  in 
Prwce  1  arid  tbe  result  waa  junt  A«  Paacal  had  anticipated.  Themenniry 
fiiU  in  the  tobe  u  .M.  Pcrrier  ascended  with  it  up  the  moiinraln,  and  when 
{^1  nM'i'-^l  'li.-  -tiinmit  il  woa  three  inches  lower  than  when  at  the  base. 
Tl  waa  rejKMod  on  diflerent  sides  of  the  mountain,  and 

eoi"Mi'i'-i  fj  I  •:rriBf  till  1651.  but  always  with  the  same  results.  Pas- 
cal made  oibers  on  thu  top  oj'  some  of  the  steeples  in  Paris :  aiKl  all 
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proved  iho  flune  impuriiiM  troth,  viz.  Uiu  tlie  jrrenrtme  oT  the  unwipW 
Was  thai  inysicn(m.i  power,  wKirli  nnde.r  ihp  nam«  nf  naiiur'a  ahhnmnn 
TO  a  vacuiiiii  li»iJ  ^i  long  f*li](lri)  i\\p.  reitnsrchesnfpbilnsDjiberG.  THenb- 
j«ct  was  taken  up  in  England  \>y  KovIr.  who  punacd  it  with  onrcmiind 
ardor,  and  whow  labors  have  tmmnrtAlizcd  liistiatne  ;  but  it  wa£  tremasY 
t])U  Kore  ofT  the  most  valuable  nf  the  prixea  wbinh  the  discavery  uOivW 
to  phil(«8ophcr!i.  The  Torricellian  experiment  gore  rite  fti  tkr  AiB  m 
ana  in  1654,  o  PruMian  philnsopher.  a  mathetnniician  and  a 
OUo  GuerrifX-f,  nf  Miigdehurch,  mule  public  exptrrnncnts  wtlh  it  at 
bon,  before  Ute  emperor  of  (termany  and  several  ck-eiure.  Some  aui 
lueriKe  tbp  iinnWi/ni  of  the  pump  to  Candido  del  Buonu.  onr  af  ilii? 
hen  of  the  Academic  del  Citncnto'at  Florence,  and  iniimaiB  tbu  ibe ! 
«ksay»  with  it  were  only  madu  by  Guerricke. 

The  appnmnifl  of  Tnrrirelli,  L  c.  the  gioM  tabu  and   hataa  of  mpr 
was  named  a  hiLrowopc,  and  aftt-rwards  a  baromcrter,  becauM  it 
tlie   presMirn  of  the  atmoephure  at  all  uli-vatiuni ;  hnnce  to  it, 
in  ell  partit  of  the  earth  may  have  recoursL',  to  doicrmiite  the  perpmS 
lenfTth  of  the  pitiea  of  atmospheric  pumps. 

Another  npplicuiioii  of  the  baromMcr  wrs  the  rtutirni  result  of  V' 
first  expfrimeMl  on  the  Puy  dc  Dome,     As   ho  aiteeudcd  that  m 
with  it,   the   mercury  kept   failing  id  exact  proportion  lo  the  elevaiwa  v 
which  rhe   initrument  was   carriiMl:  henct*  it  id   obvious.  I  hat   when  iht 
tube  is  properly  graduated,  it  will  measure  the   height  of  monnraiiu,  uit 
all  other  elevations  to  which  it  ean  be  ea.rncd.     By  It,  aeronaut*  lietor- 
mine  the  height  to  which  they  ascend  in  balloons.     The  obnorvstioiu  0* 
Perrier  were  eoDrJnucd  daily  from   1649  to  1651,  during  which  he  per* 
c«ired  that  the  height  of  the  column  slightly  varied  with  the  ieraprmnire>r 
wiitd,  rain,  and  otlier  circumsiance«  of  the  aunospherf) ;    iknd   hctK-e 
iiistrument  indicated  diangta  of  wealhff,  and   became  known  and  ui 
used   DH  a    "  trralfier  gtoit."      The   cxtem  of  ihes«  vanniinns  in   at 
three   inrlii-A,  geiierully  ranging   from   twenty-eight  to  thiny-one.  and 
principolly  confined   to  the  temperate  zonf s.       In   iropieal   re^tl 
pressure  is   nearly   uniform,  the  mercuiy  landing  at   anotit   thirq 
throughout  the  ye.'ir.     These  facts  have  an  imponant  hearing  on   otir 
jeel;  fnr  an  nimo»|)hen<^  pump  or  siphon,  with  a  prrpendicutorpipe 
four  or  thirty-five  feet  long,  might  operate  during  certain  suuna  of  ihr  it- 
mospbwre,  while  in  uibers  it  could  not;  and  in  sonie  pans  oF  the  earth 
would  be  altogether  useless. 

It  will  appear  in  the  sequel,  that  the  physical  properties  of  the  ac 
pher«   which   we  have  enumerattrd,  must   necesianly   be   undcrsiuoJ.  tn 
ord«F  perfectly   to  comprehend  tlie  actton'of  tl>e  machines  we  have  lOi'~ 
scribe.     As  regards  th^^  u-rial  pressure,  its  limits  atul  i-arialion  at  SStrt 
altitudes,  we  nurd  only  remark,  that  u  sucking  pump   or  a  siphon,  wt 
rai*en  water   tbirly.thre""  feet  in  New-Vork  and  Buenos  Ayres.  Lon 
aiMl  Cnlrutla,  Sl  Petersbiirgh  and   Port  Jackson  in  New  HollaBd.  c* 
not,  in  lh<-  city  of  Mexico,  elevate  it  over  twenlv-two  feet;  and  at  '^u 
and  Sanin.  Fe  de  Bogota  in  South  America,  and  GotMlar  the  capital! 
Abyntnia  twenty  feet,  on  account  of  the  great  elevation  of  these  eit 
(from  the  same  cause,  the  pressure  of  the  atmosphere  on   Mont  BlanI 
only  alxiut    half   that   on  the  plains)  and  if  Condaraine  and   Hv 
wmn  on  the  summit  uf  Pinchincha,  had  applied  one  to  raise  water  thei 
on  ihe  sidii  uf  Aiilikanu,  at  tlm  spot  where,  from  the  great  rarity  orteni 
of  the  air,  llic  fiice  of  the  toiler  pliilosopher  was  streaming  wiih  blood« 
attendant  fainted,  and  the  whole  party  exhausted,  it  wAuld  not  Iiitp 
water  over  twelve  or  fourteen  feel;  {the  moreurv  in  iIm   baronwtar 
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Id  fiMifteen  mcbei  MTen  Unei,)  while  on  the  highest  ridge  of  ilie  Hlma- 
bru,  it  would  acurcely  miae  it  eighl  orMn  feet  Without  ii  knowledge 
«r  4^Mi  pressure,  it,  n  ohviuus,  ih&l  engineers  who  visit  Moxiro,  oiid  tho 
appi-r  regiont  of  South  America,  ice.  micrht  get  into  a  quanJarj^  greaiJjf 
more  jierjilcxing  tbui  that  in  which  ^e  FlorenUDc  W(u,  whcii  ho  applied 
Id  Otiileu :  but  wo  believe  the  period  has  ncurl^'  gone  by,  for  mecniimBS 
lo  reioain  ignorant  of  thoce  principle*  of  acieQcer  upon  which  their  profe** 
liuvarc  hiued. 

It  (teriiaps  may  be  a^ked.  Were  the  limiuto  which  water  can  he  ruKd 
bf  Ik  atmosphere  not  known  before  Galileo's  limo  t  Undoubtedly  they 
mrt.  Pump  makers  must  nlwiiys  huvc  been  acquainted  with  tliem  ;  al- 
Ornug})  philoHophera  might  not  havo  noticed  the  foci  or  p<ud  any  aUenlioii 
lathe  suhjecL  Why  then  did  the  Italian  arli»t;4  mukc  such  a  one  aa  that 
to  which  we  hnve  referred  I  Simply  bccauftc'  thuy  were  ordered  to  do 
fl),u  any  mechanic  would  now  do  under  tiniilur  ciroumitanees  :  al  tho 
nine  time  they  declared  thst  it  would  not  raise  the  water,  although  ihey 
eoold  not  a^gn  any  reaiion  for  the  assertion.  It  wai  indeed  imponible 
bt  l&cient  pump  makers  to  have  remained  ignorant  of  the  extent  to  which 
llieir  tntchinea  were  applicable.  A  manufacturer  of  them  would  naturally 
nirnd  their  application,  aa  occaaions  occurred,  to  wells  of  every  depth, 
vaSt  he  became  familiar  with  the  fact  that  the  power  which  cauaed  tho 
vuer  to  ascend,  was  limited— and  until  ho  detected  the  limits.  After 
Wig  a  pump  with  success,  to  raise  water  twenty-five  or  thirty  feet, 
when  he  came  to  apply  it  lo  wclU  of  forty  or  fifty  feet  in  depih  without 
Irn^ipning  the  cylinder,  he  would  neceuarily  learn  the  im|iortajit.  ana 
tnhim  myMerioua  fnct.  that  the  limit*  wore  then  exceeded:  and  after 
jmbahly  going  ihrouf^h  similar  examinations  and  consuluitinns,  aa  ihoM 
which  took  place  at  !■  iorence  in  the  I7lli  eentury,  the  unvarving  result 
Would  )i«>come  ao  firmly  established,  that  every  workman  would  team  it 
traditionally,  as  an  essential  part  of  his  profession  :  and  if  in  siirceeding 
Uiti  knowU-dgi^  of  it  became  lost,  the  experience  of  every  individual 
maker  must  hnvii  soon  taught  him  the  Kame  truth.  Atiempu  theo 
■  to  tho»«'or  the  Florentine  engineer  occurred  fretjiieniiy   helbre,  but 

ine  (o  no  nnpunant  rrsiilt,  the  pariiculars  of  ihetn  have  noi  been  pre* 
rveo  ;    nor  is  it  probable  that  those    relating    to   the    Italian    experiment 

Id  have  lieen,  had  not  the  fallit-r  of  modern  philosophy  been  consulted, 

had  not  his  pupil  Torricelli  taken  up  the  subjecL 


CHAPTER     III. 

t  EapvriaMV  n  sir— Vuioiw  spplicMliiu  of  ll— Siplnsa  wad  la  ■nicnl  Kfj^t—Trimiiin 
I  vkb  TMHb  luvf  r(«d  ilml^r— Suipcnilnn  ariii|ul'l>  In  lh*a— Aaclanl  aMMaptivtlc ffinnh- 
r  pM — WMflni«  Oanteda  with  It— Krolisbly  rrf^rrr'l  lo  \>y  Hi.  pnu)  aad  aUe  by  8h»kaip«»».  C1m» 
:  *»— «1.  •Ml  ■  vliL*  iHli>t  frnin  pDiiiiicli — R#l  1(1001  ihf*  al  4prinklhig  pnn  Rnnrvg  Ibaandast 
•Itfaraofm*  Iriiai  Mmihuciw— Vnuis— MinulaarTuUa  cur>iBS  w*i«r  la  kri«*a,  4«Mrib> 
npUawt— ll*tcn  hvtat  teiter  aad  itapfiat  Ubv*— Tikk  pnrfvraiail  wHh  ttrkHu  LijmU* 
l#CfctP»—  lu(f  !■<  — VarMnB  flvudj  of  llw  laclmu  irllli  liquid*— IMnolJix  tup%. 

Not  will  istauding  the  allcd^^ed  ignorance  nf  the  ancients  reopccting  the 
liyncaj  protwrtice  of  Hm  iiniosphura,  there  are  circumstance*  related  in 
wnicn  stwm  to  imiicute  the  rererse  ;  or  whicht  at  uiy  me,  Extent 
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Uul  air  WDJ  a  frequent  sahjitct  of  tovostigmtioD  wilh  ibsir  philrwcipfarfc 
unJ  tliat  ils  infiupni^  in  aome  nucural  r<liL-tioniea«  wbm  well  laadentand. 
Thua  Diojjcneo  nt  Aftollnnia.  ibe  disnplv  atnl  t-jcrvnar  of  Aaaxunenea^ 
tVMOned  on  n.<i  condnuutfum  end  rtirefaetttm.  Accordm^^  tn  Amcotln,  Eb- 
fwdoolea  accounlcfi  for  respiraiion  m  aniniuls  b^  the  tccigkt  of  the  air. 
which  9ai(l  he,  "  hy  iu  jirnMuft  losbmates  ilaolf  wub  Tctcl'  inu>  the  lunip." 
PluMrch  expr«>aM>9  in  ibc  very  same  trnns.  lliu  scDtmii^nu  nf  AMlcfnadet, 
reftreitentin^  him  among  olher  things  aa  (saving  thai  lhi>  uxtemal  air,  "hf 
Uji  infigttt,  iipennd  its  way  with  furce  iota  thL-  lirrast."  J.nc;ronas,  in  rx- 
plftiiiiitg  the  property  nf  the  loadstune  in  dmwing  irun,  obeervpd  that  it 
repe)]>*cl  the  iiiiervonin?  ur  botwiKl  tUutf  and  tliu  iron,  thtts  fbnoioi:  ft 
varmim,  n-hen  the  iron  is  "  piuhrd  im  by  lAt  air  behaid  it."  PhJtarrii 
WOJ  of  tho  same  opmion."  Vitnivius  spvuka  of  the  preuure  ofair,  Areh. 
book  viii,  cap.  3,  When  FUiininiiiH,  during  the  celebration  of  the  Isthmi- 
an gnm£!s,  prrHTlaimed  Uber^  to  the  Urvelu.  the  shout  which  die  [WoplB 
gave  in  the  traiutport  of  their  joy  was  bo  great,  ihatwmt;  crows,  wHdi  hap- 
pened to  he  then  (lying  over  (Imir  head'«,  ft-U  down  into  tho  ihi>airt>.  IMo- 
tamh  amontf  other  cxplunBliona  of  the  phcnonienon,  siiggr«lft,  that  the 
"  aotind  of  so  many  voices  heing  violently  strong,  ihe  parLs  of  ihc  air  were 
separated  by  it,  and  a  void  left  which  atfortied  thr^  liiros  im  Aupport.**^ 

But  if  the  ancients  did  not  detect  or  comprehend  the  dirett  prvjaurenf 
the  atmuaphere,  lltey  wore  not  ignorant  of' its  elfe<r(s.  or  of  tlie    mean*  of 
exciting  it    They  in  fact  employed  air  in  many  of  their  do-iees  u,  aucceM* 
fully  as  the  modems.     Th«-y  compressed  it  in  air  guns,  and  weighed  it  iu 
Madders;  tu  elasticity  produced   continuoDS  ynu  in   their  fountaitia  and 
force  pumps,  in  the  some  manner  aa  in  oura ;  by  ils  pressure,  they  raiaed 
Water  in  syringes  and  pumps,  and  transfermd  it  through  siphons,  prvciMrJt 
aswcdo;   they  excluded  its  pressure    from    the   upper   surface    nf 
in  their  sprinkling  pots,  and  admitted  il  lo  empt)'  tfkem,  as  in   t]ie  : 
li()Uor  inerchanl'sfu^fcr     That  they  had  (Oihfcajfi^  air  numpa  is   < 
from  the  teimi fntna oi  Cteslhius,  as  well  M  others  described  hy  Vitr 
b.  X,  cap.  13  ;  and  it  is  probable  that  they  employed  air  m  nutocmu 
machiocs  and   for  other  purposes,  but  nf  wnirh,  from   the   loaa  n: 
writings,  no  account  has  oecn  nrcwrved.     See  Vitruvius,  biHtk  x,  cam.  I, 
where  some  are  referred  tn,  and  Pliny  NaL  Him.  bonk  xix.  cap.  -L 

It  would  be  in  vain  to  attempt  tn  diftcover  the  origin  of  dericr-*  for 
raising  liquids  hy  the  pressure  oi  the  atmoflphere,  for  it  would  retpum  • 
knowiedgc  of  man  and  of  the  3tar«  nf  the  artd,  in  th<v«e  remote  agm  of 
which  no  record  is  extant  That  machines  for  the  purpose  were  wade 
long  before  the  citnimeTiceirient  of  history  is  certain,  for  rvcent  diseor> 
eries  have  brought  to  light  the  highly  iuteresLiiig  fact,  that  tipAotu  wen 
known  in  i^gvjit  1 4JS0  years  before  our  era,  i.  e.  3290  yuars  ago!  At 
which  period  too  they  seem  to  have  been  itt  more  common  ua«  in  iJbu 
country,  than  they  aT«  ut  this  day  with  »9.  [See  Book  V,  for  ao  account 
of  (hejic  tmtnimenU.] 

The  nMeniioii  of  water  in  inrerttd  vessels  whiLc  air  is  excluilrd  frmn 
them,  could  not  have  escaped  observation  in  (he  nidesl  age».     I^t 
natural  iihenonH^na  had  aM'akened  curiosity  in  the  htutuut  mind,  or   .      -    i 
the  spint  of  phil(><K>phical  incpiiry  and  research,  it  must  havetfccn  notit 
Wh«n  a  prraitn  immeraei  a  bucket   in    a  reservoir  and    raises  it   in    an 
vttrled  position,  ht?  »0(>n  becomes  sensible  that  il  is  not   tht:   weight  of 
Teasel  merely  which  he  has  Ui  overcome,  but  also  tluiL  of  the  wnirr  wit 

•  Dnleii'*  IiMHinr  iaio  iha  Orini  of  di«  Dlscoreriea  aUrihUad  tbtbt  Madam. 
I7S9.  V?  '^-  '^  ™^-    '  ttRi  of  naminiiu. 
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h:  ud  not  tin  die  moaih  emerges  inta  air  do  the  eontenu  rush  out  and 
lirare  ttir>  bucket  alune  ill  his  handit.  Ttiljt  is  one  nP  Uiose  cireumsuncea 
ifaat  has  occurred  more  or  leas  frequently  lo  most  persona  in  every  sgc.  It 
would  be  absurd  to  suppoae  chat  the  groups  of  orieat&l  fumalca  who, 
from  the  remotest  tim«»,  have  BSflcmbled  twice  a  day  to  visit  ihti  rounlaina 
or  rivers  for  water,  did  not  nfi^n  perform  the  RXperimeni,  boili  ittcidentally 
iad  by  ilenigii.  They  could  not  in  fact  plunge  their  water  pots  (which  wcrs 
often  withniit  bandlos)  into  the  giiahini;  foont  without  oocoaonsily  repuatin^ 
it;  nor  cMutd  Andromarho  and  her  maids  KU  bncknts  1:0  water  iho  horse* 
nf  Hector,  and  daily  change  [Miehers  in  the  luream  for  domestic  uses,  with- 
out betnp  Kiraetimed  divprtpd  by  it-  Bui  the  phpnoinenon  ih«»  exhibited 
wsi  not  confined  to  such  of^caaiona;  on  the  rxtntrary,  it  consianijy  occurred 
in  every  dwoUinif.  An  ancient  domestic  lilte  a  modem  houae-maid,  could 
hardly  wa^ha  cup  or  rinse  a  gnhlet  by  immrrsion,  without  tmcouiiteringiL 
Ba«aes  the  vesseU  named,  there  were  others  that  formed  part  of  the  or- 
dinary kitchcti  fomiture  of  the  ancienta,  (see  fipircs  of  some  on  page  16) 
the  daily  use  uf  which  would  vivry  aiid  illu-itrate  it  These  wore  long 
necked  and  usrrow  mouthed  va*es  and  )>ortIes,  that  retained  liquids  when 
inverted  like  *oroe  of  our  viala.  Others  were  still  farther  contracted  m 
the  mouth,  as  the  Ampulla,  which  gav«»  out  its  contents  only  by  drops. 
To  the  ordinary  use  of  tbe»e  vessels  and  to  incidental  experiments  mode 
with  them,  may  be  traced  tlie  origin  of  our J&unrtua  lamps  and  inkstands, 
bird  fountains,  and  other  srmitar  applications  of  the  same  principle. 

Th<>  suspension  of  a  liquid  in  inverted  vessels  by  the  atmosphere,  was 
thewfbre  well  known  to  the  early  inhabitants  of  the  world,  whether 
they  understood  the  reason  of  its  suspension  or  not;  and  when  in  subae- 
qnent  times  philosophers  b<?gan  10  search  into  causes  and  eflccts.  the  phe- 
nomenon was  well  calculated  to  excite  their  attention,  and  to  lead  them  to 

,uirie«  respecting  air  and  a  vacuum  :  it  is  probable  that  it  did  aa,  for  the 
iest  expcrim<mts  on  these  subjects,  of  which  wc  have  wny  accounts, 
flimiUr  lo  those  domesltc  manipuiations  to  which  wc  have  alluded, 
nxl  the  pniteipal  instrument  employed  wa»  simply  a  modifieacion  of  a  gob- 
let mvirrt^l  in  water.  This  was  the  atmospheric  '  ipriniihn^  pot,' or 
'  «raterinp  «pbrtn.'  which  is  so  often  referred  to  by  the  old  philosophers, 
m  their  disputes  on  a  pltnum  and  a  mrtaim.  It  has  long  been  obsolete, 
and  oot  having  been  tuiticed  by  modem  authors,  few  general  readers  are 
ai»arr>  thai  such  an  instrument  was  ever  in  use,  much  less  that  it  formed 
pan  of  the  philosophical  apparatus  of  the  ancient  world. 

Tho  inl"*rrs»ing  iwi«JCi«(i"nB  connected  with  it  and  its  modifications  en- 
title il  to  II  pWr  hrr<«.  Indeed  werp  there  no  other  reason  for  Hltempitng 
In  preservt:  ii  a  liftlr  longer  from  oblivion,  than  that  indicated  at  the  close 
nf  lht«  but  jiara^niph,  wv  »hoiild  not  feel  justified  in  passing  it  by.  It  is 
monwver,  (or  aui;ht  thai  is  known  to  the  contrary,  ih*  nirlirtt  inslrument 
employed  in  hydro- piieismaticaJ  researches.  Ifji  general  form  and  uses 
may  b«'  gathered  i'nmt  iJh-  recnHrks  of  Atbonagnmx  n'«pecting  it.  This 
ptiileaopner.  who  fViumhed  in  tho  fifth  century,  B.  C.  m»d«?  use  of  it  to 
illoatraif  hii  view*  of  a  vacuum.  "  Tht*  instrument  (says  he)  which  is 
acuminatMl  or  pnintei)  townrdw  the  tnp,  and  made  nf  cliiy  or  any  other 
mftb'ria],  (and  used  an  it  often  has,  for  Iho  watering  of  gardens)  is,  in  the 
l>ift(Mi)  ver^-  large  and  plain  [llatj  but  full  of  small  holes  like  a  sieve,  but 
al  rtw  fop  has  only  orin  large  hiile."*  When  it  was  plunged  in  water,  the 
liquid  entered  through  tlie  nuraerouK  holes  in  its  bottom;  after  which 
the  single  openmg  al  lop  was  cluMtd  by  the  finger  to  exclude  the  air;  the 

*  As  quoted  bf  Swiissr  Abm  Boeklar,  Hjd,  19T . 
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vhuaI  ttid  iU  content*  were   then   rnUnd,  uwl   the  Imtler  ^jjf  hwrgwj  u 
pleanuT  by  ivmoving  the  fingur. 

As  this  was  t)ie  ani^ienL  garArm  pot  of  th«  Ivreeks,  Pliny  profa*bly  i» 
fen  U>  it  whrti  he  speftkn  of  '  »prtnlilbig'  wat£r,  oil,  vinegar,  dec  cm  pluu 
and  routs."     It  n[>{>enrs  la  hnre  been  continued  in  use    fur   Mich  purpuaei 
in  Enronv,  through  the  middle  n^n  ;  ond  to  u  limited  oxteni  up  to  the  17tl 
U)tl  IBiii  centuri».^     Ftgunia  of  it  nre,  however,  rarely  to   be  met   with 
for  it  seems  f>  ha.ve  been  aekrl^  forgotten  when  the  aisc-overy   of  Turri- 
celli  revivQiJ  ihe  old  ducuMions  on  k  v&cuuta;  and  though  Boyle  uid  oiitvn 
then  mx:k«ioiially  referred  to  il,  few,  we  behere,  g&ve   its  tiguroL*     Muct- 
faucun    ii|i«»ks   of  exunining    an    ancient  *  watering   fttjok,'    and    also  t, 
'  sprinkling    (int,'   but    unfortunately    he  has  not  described   cither.'    Of 
a  greatt    number  of    old    philosophical     wuHu  that 
we  liave  examined   for  the    purpose  of  obtainit^  s 
figure,  we  met  %vith  il  only  in   Fludd's  worka.     lite 
annexed  cut  is  from  his  De  Nalonp  Simia  »eu  TwJi- 
nica  maorocosmi  liJsluria.'     Oppenlieim,  1616,  p.  171 
The  mode  of  using  it  is  too  obvious  to  require  expls- 
itaiion.     It  was  pushed  into  water  in  the  ponlios  r»- 
presented ;  the  li(|uid  entered  through  the  oponiof* 
in  the  bottom,  driving  the  air  out  of  the  small  orifitv 
at  the  top;  and  when  it  was  filled,  the  person  luiif 
it  placed  hia  finger  or  thumb  on  the  orifice  and  tbn 
moved  the  resael    ever  the  planta,  &c.  he  wi«b«dla 
vrater ;  discharging  the  coat«nta  by  rawing  th«  fingc- 

The  Bjiplication  of  tbia  insirutncni  u  a  '  garden  pot'  may  sometinies  bfr* 
found  portrayed  in  devices,  rebuses,  viffnettes,  &c.  of  old  prioten.  \t> 
th*  title  jMigc  of  Godwin's  Annals  of  Henry  VIH,  Edward  VI.  snJ 
Mary,  (a  Ihtn  laiin  foUo  published  in  1616)  it  is  rej>reftenied.  No.  70  d* 
copy.  There  is  a  simdar  engraving  on  the  title  page  of  a  tqIuidc  on 
farming,  Acc.  entitled  '  MaisonKusticjue,' tronalacod  irom  the  FreDcfa(l>^. 
published  in  London  by  John  Ishp,  the  tame  year. 


Aulependently  of  the  sprinkling  pnt,  the  cot  is  inumcing  u 

■NaL  Riri.  ivii.  II  and  SH:   «ti,  IS;  Birf  i»,  17.    *  Oitiinonsir*  lie  Tr^mit.  < 
Amwir     '  8ovt»'*  Pbiiowphieal  works,  bj  Sfcaw.  Lob.  1735.    Vul.  ii,  pp.  lUk  U 
iiuUau  Dtaiy.  ton.  inS^SSg. 
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tha  ftneiencmode  of  cranspUnitng.  It  appears  thu  Aw  men  were  gener- 
ally emplnved  in  the  operation  ;  one  to  net  the  trees  or  plunu,  utd  anotber 
to  water  tnem;  a  cuBtom  to  which  St.  Pniil  alludes  in  1  Cor.  iii,  6 — 8. 
Sometiines  *  he  that  wsturud'  ust-d  two  pou  Kt  the  Hiune  time,  holding  one 
inPAch  hand.  As  these  vi-s^fU  were  not  wholly  dUa»ed  in  Shakespeare'* 
time,  it  19  probable,  that  to  them  he  reTerii  in  Lev : 

Whj,  this  would  iDal(«  a  mnn.  n  initn  or  wilt,  [tear*] 
Tq  iiaahN  v**'°'^K*'^"'  i*'>l»r  pou.  Att  4.  ScwmS. 

MAdiftcaiiona  of  them  were  adapted  to  various  purposes  by  the  ancients. 
They  were  uied  lo  drop  water  on  Ooora  in  order  to  ]sy  iho  dust,  in  both 
Greek  end  Romnn  hotises.  Their  general  form  was  that  of  a  pitcher  or 
Tase.  and  their  dimensions  varied  with  their  uses.  Some  of  the  small' 
eit  had  hut  o  oingle  hole  in  the  bottam.  They  formed  part  of  thu  onlin- 
ary  culinary  apparatus,  and  were  also  used  in  reli^us  services.  Among 
the  ami/]uitie«  niainterred  at  Hompcii,  wme  have  heun  found.  No.  71 
represents  one :  it  is  of  glass,  the  upper  part  of  the  tube  or  neck  is  want- 
ing, having  been  broken  off.  Perlinps  this  piirt  resomblud  the  form  iodi- 
cued  hy  the  dotted  lines  which  we  uave  added. 

y^^^    No.  72,  alao  of  glau. 
\  i^jr^  hiia  been  pronounced   '  a 

J  ^^^^  wine-Ulster,   llio   air  hav- 

A     ^^^^  .j^^^^  '"S   ^^^    cxliausted    by 

^^^^^^m^^^0^y ^  sucking  at  the  small  end.' 

^^k        T^^^litW  '^ ''  move  likely  thnt  the 

]^^ft       ^^^^lir  wide  port  wu  inserted  in- 

^^H        ^^^^^  to  wine  jars  ur  amplions, 

I^H  and  Oie  cavity  tilleil  with 

^^B  "^  that  liquid  precisely  u  in 

__^^r  Ae    -iprinkling    pot,  and 

samples  rhen  withdrawn 
by  claain^  iLe  small  ori- 
8ce  with  the  finger  as  in  the  modern  instniment,  which  is  shewn  ot  No. 
76,  at»d  as  in  the  dropping  tube,  one  form  of  wluch  is  figured  ot  No.  77. 
The  general  form  of  No.  72  a-«similQteit  it  to  those  drinking  I'essels  of  the 
anetetits.  which  they  held  at  a  distance  in  front,  and  directed  the  stream 
issuing  from  the  smnil  end  of  the  vessel  into  the  mouth  ;  a  modti  still 
waetiMKi  to  some  parts  of  the  Mediterranean,  and  by  the  nntives  of  Ceylon, 
SuiMUn,  Malabar.  &e. 

One  of  the  moit  singular  facts  connected  with  the  religious  institutions 
of  the  anoteni  heathen,  was  the  extent  to  which  they  carried  the  practice 
of  sprinkling :  almost  every  thing  was  thus  purified  ;  mi'n.  aniraaU.  trees, 
water.  hou«es.  food,  clothing,  carriages,  ice.  In  performing  the  ceremony 
rviotts  implements  were  used  to  disperse  the  sacred  liquid.  A  wisp 
made  of  home  hair  attached  to  a  handle  wb9  common.  A  branch  from 
eenain  trffea,  and  sonietinies  n  small  broom,  were  used :  in  other  cases 
perforated  vesseU  wore  employed.  Thus  the  Bmmina  in  some  ceremonies 
uhe  a  VMwt  of  water,  and  after  preseniing  it  lo  the  gods,  they  sprinkle 
tho  liquid  with  maoguier  leaves,  on  carriages,  animals,  ice.  in  others  it  is 
"sprinkled  through  a  cullender  with  a  hundred  holes  on  the  head  of 
Uie  lather,  mother  and  child,"'  The  prients  of  the  ancient  Scandineviaim 
■too  used  a  vessel  "  prepared  like  a  wntenng  pot.  with  which  they 
sprinkled  the  almrs,  the  pedestals  of  their  gods,  and  also  the  men."'*     The 

•  8oniuirai'«  Voyage*,  VnS.  i.  134  ami  Vol,  ii,  97.    *•  tinorro'i  Hislory  of  Scandinn'rift. 
TW  cbnpler  upon  McriRceM  it   tnatiitltd  fo  Aiid»r»on')  '  Bee,'  vo\.  iV\,  y.%,%Atn.- 
hmifh.  ITSa. 
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Jowith  prioita  ooinmoDl^  used  ft  bnaeb  of  hjTBSop,  bai  occasioimUy  i 
piece  uf  wool,  aud  ftocuvumes  Um  lingsrs.  '*Tliu  {iHvat  elmll  dip  bufiagvr 
m  tlie  oil  and  ■{jriuldo  it."  Tb»  Greeks  ootl  Kouuus  hiul  nut  iml^-  loua: 
or  vues  of  hol^*  wmwr  iu  their  toiuiloi  for  the  um  or  worelitppvm.  w' 
(lipped  their  fingon  into  tlicm,  M  Komaa  cotbulka  nad  othvre  uo  u 
da^  ;  but  uii  pariiculur  occiutuus,  primu  orofBcvrs  dUuntled  to  purifv 
people  by  sprinkling.  lliu«,  when  ibeEmperorJuliiui  visited  tlic  mm 
at  Aiittoclt,  tliR  N'eocon  sLuod  on  tiacb  «ide  of  rii«  doorwajr  to  purifv  w  _ 
iuUrsl  wuler  all  wlio  entered.  Valeminitin.  who  wu  oflerwiirda  ruMid  \a 
the  eiopirti,  waa  then  oiptoin  of  Julittii's  guard,  uid  «■  nich  wkltwd  id 
frunt.  Uu  waa  Uien  a  cbristiui,  and  some  of  the  water  baviog  bees 
thrown  uptm  hiin,  he  turned  and  itnick  the  priest,  saving,  ikac  ifac  water 
niber  polluted  Uiaii  purified  :  ut  wbicb  the  emperor  was  so  eaimged  thai 
he  immediately  banidlied  liiiu. 

Now  whether  tlie  fingers  or  light  brooms,  &«.  were  used  on  sucb  occa* 
sions  wo  do  not  ki>ow  ;  but  there  were  others  at  which  the  former  cer- 
tainly wuro  nut.  Wliea  the  emperors  dined,  not  only  their  persons  and 
tabic  furniiure,  but  ihe^/rxMJ  also  was  purified  with  lusiral  water.  At  the 
feast  of  Diipknr  near  Antioch,  which  lasted  seven  dnyR,  we  learo  thsl 
tt  nuuchoruj  stood  by  the  empenjr's  seat,  and  snmiltled  the  dishe*  and 
mcaU  *  OS  usual.'  How  was  this  water  dispersea  1  ^  Certainly  not  by  the 
fingers ;  dot  is  it  likelv  that  a  wisp  ur  a  broom  was  employed,  since 
Would  be  Jiflicult  Id  clirect  the  small  shower  with  siilHcieni  precision  nti 
sotoller  objects.     Wc  have  made  iheao  remarks  for  the  purpose  of  ini 

ducmg  the  figure  of  an  ancient  sprinkling 
sel,  from    the   third   volume  of  MoniTsucciii' 
Aiiiiquiiies.     It  was  supposed  by  bimtu  ha 
belonged  to  the  tablu  or  kitchen,  but  its  spe- 
cific use  bo  could  not  coryueture.     Ii   is  evi- 
dently a  modiflcatioo  of  the  aimoapbcric  gar- 
den put,  and  it  appears  admintbly  adajitad  for 
r(o.-n,    a««Du  t|rrtBku«f  Vim.    dis[wnung  liquid  perfumes  or  Itutral  water  at 
iLe  lablti.     The  nn?  is  adapted  to  receive  tlic 
forefinger,  while  the  thumb  could  ctosB  tlic  small  orifice,  and  thus  the  eoo- 
lents  might  bo  retiiined  or  dis<^argcd  at  pleasure. 

Among  other  heathen  customs  Uiat  were  long  retained  in  the  chriauan 
church,  was  this  practice  of  sprinkling.  Peter  Martyr  exclaims  agaiost  a 
certain  class,  "  wno  not  only  consecrate  temples  themselves,  but  also  oltan 
and  coverings  10  the  altars ;  I  meane  the  tablti  clothes  and  napkins,  and 
also  the  chalices  and  patine,  the  massing  garmentes.  the  churcliyordi'S,  the 
waxc  candles,  the  frankincense,  the  paaeu  tambe,  eggs,  and  also  bolie  Mnt- 
tcr;  the  boughes  of  their  palm  trees,  yong  springes,  grass,  pot-benrbes. 
and  finally  all  kindsof  fruiieR."  "  They  doe  tprinhu  houses,  desde  bodies, 
churchyardes,  cgg>*>  llesh,  pothearbes,  and  garmentea."* 

Of  all  the  transactions  connected  with  heathen  theology,  few  ever 
made  a  greater  noise  in  ancient  Rome  than  one  that  is  coonecied  with  tfaik 
nan  of  our  subject ;  vix.  the  mirade  by  which  Tulia  the  vestal  saved  h< 
life.  It  was  a  religious  cnstom  among  all  the  notions  of  old,  lo  keep 
cred^fire  in  the  temples  of  their  deities.  In  some  lamps  were  kcpi  bumin 
in  others  luel  kiiudled  on  the  altars.  In  the  temples  of  Jupiter-, 
mon,  Apollo,  Minerva,  and  some  other  deiUt.'<s  were  lamps  coi 
burning.  Tbo  Israaliios  were  to  cause  the  lamps  to  "  bum  contin' 
bendes  which,  "the  fire  shall  ever  be  burning  upon  the  altar: 
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ocTcr  go  ont."  LevtL  vi,  13.  The  pracdcc  ia  sdl)  kept  up  by  the  Jews 
ukI  also  hy  Koman  catholicB.  The  origin  of  the  custom  is  unknown:  but 
tbo  Jews,  Persians,  ti-rcolu,  Sic,  ore  generally  euppoapd  to  have  dtrnved  ii 
Irom  (be  Egyptiuia.  Upon  the  cowecratJon  oP  a  Leinple,  this  '  holy  fire* 
vai  not  obtained  from  onlioary  sources,  i.  e.  (rvm  olhur  tires,  but  was  pro- 
duced by  ihe  rubbing  of  two  iticks  toetilier  ;  or.  according  to  PEuiarch, 
vu  drawn  dirceUy  fronn  tbo  sun.  "  If  it  hapm;o  (lie  o)»ervc9  in  hia  Lire 
of  Numa)  by  any  accident  to  be  put  out,  as  thv  sacred  laxnp  is  said  to 
bave  been  Bt  Atnent,  utuler  the  tyranny  of  Ari«tion — at  IXilnhi,  when 
ibe  temple  was  burntHl  by  tlio  Mvdes^ — and  at  Komu  in  the  Milnndstic,  as 
also  in  the  eivil  war,  when  oot  only  the  fire  was  exUBgui«bed  but  the 
altar  itself  overttirncd — ii  is  not  to  be  bghtsd  again  from  another  fire,  but 
nnr  firv  is  to  be  gained  by  drawing  it  pure  and  unpolluted  flame  from 
the  beams  of  the  sun.  This  is  done  generally  with  concave  vessels  of 
btass.** 

Among  the  Roroaas  a  certain  number  of  virgins  were  consecrated  with 
solemn  eoremomes  to  the  Goddess  Vbsta.  They  were  named  vesuU, 
and  it  was  their  peculiar  duty  to  lalie  charge  of  the  sacred  tire.  They 
were  greatly  honored  for  their  purity  and  tlie  imporiance  of  ibeir  olRce. 
"  What  is  tlxtre  in  Rome,  (exclaimeti  Tiberius  tiracrhus  in  his  address  to 
llie  people)  fto  sacred  and  venerable  as  the  vestal  virgins  who  keep  the 
perpetual  6ru  1"  The  most  valuable  and  sacred  deposiles  were  often 
plaee<l  in  their  hands  for  security.  The  wills  of  rich  Konians  were 
•ooietinKa  commined  u>  their  care;  hence  we  read  of  Augustus 
forcing  from  them  that  of  Antony,  while  the  latter  was  in  UgypL  l*he 
TesCals  oiyoyed  many  privilei;eB;  among  others,  when  they  went  abroad, 
the  laaoea  {wDbkmu  of  authurity)  were  carried  by  a  lictor  before  them  ; 
•ad  it  was  death  for  any  one  to  go  under  the  Utter  or  chair  in  which  they 
wirro  earned  -.  and  if  they  met  a  criminal  going  to  execution,  bis  lifo  was 
tpuvd.  The  TCBlal  ijaiii^htur  of  Appiua  Claudius  pnitucted  him  from 
Mttig  arrested  by  the  Trihuucs.  On  the  utliur  hand,  they  wero  punished 
with  extreme  rigor  if  found  to  have  broken  any  of  their  vows.  To  per- 
ntt  the  perpetual  or  holy  Rrt-  to  go  out  was  un  unpardonable  act,  for  it 
was  believed  to  betoken  soma  nuional  calamity,  am  if  one  was  found 
guilty  of  uachastity  she  was  buried  alive.  "  The  criminal  (says  Plutarch) 
IS  carried  to  punishment  through  the  furum  in  a  litter,  well  covered  with- 
out, and  bound  up  in  such  a  manner  that  her  vriffii  cannot  be  heard.  The 
peopW  silently  moke  way  for  the  Utter  and  follow  it  with  marks  of  ex- 
treme sorrow  and  dejection.  There  is  no  spectacle  imire  dreadful  than 
this,  nor  any  day  wliich  the  city  spends  in  a  more  melancholy  maimer. 
When  the  litter  cmnes  to  the  place  appninted  the  officers  loose  the  cords, 
tbe  high  priest  with  hands  Itlled  up  towards  heaven  oSers  some  private 
prayers  just  before  the  fatal  minme;  then  ukes  out  the  prboner.  who  is 
oorered  with  a  veil,  and  places  her  upon  the  steps  whicn  lead  down  into 
the  n^II,  [grave;]  after  this  be  retires  with  the  rpflt  of  the  pncsis,  and  when 
she  is  cnDDP  down,  the  steps  are  taken  away  and  the  cell  is  covered  with 
earth,  so  that  the  pinee  is  made  level  with  the  rest  of  the  HMunL"  (Life 
of  Numa,  l*an^ome's  Tnna.] 

Tntis,  who  was  accused  of  incontinence,  in  order  to  avoid  the  horrid  pen- 
alty, passianaiely  called,  or  affected  so  to  call,  upon  the  goddess  Vkrta, 
to  esiabbsh  by  a  mirade  her  innocence.  "  Enable  me  (<ihe  cried)  tn  take 
a  MRVft  fnll  of  water  from  the  Tyber.  and  to  carry  it  fiill  to  ihy  temple." 
Upon  ihi«  appeal  her  trial  was  atsyed,  and  it  was  left  to  the  deity  she 
bad  invoked,  to  save  her  or  not;  for  such  a  proof  of  the  falsehood  of  her 
aaenaera  eould    not.  if  il  should  take  place,  be  resisted.      The  result 
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wu,  abe  ciuwecdcd  to  tiarryitiff  the  water,  nbd  tl)«r«liy  not  only  uir«d  i 

lifif.  but  greatly  iocreuiod  hvr  reputauon  for  auiethy.     From  lb*  i»fi 

feet  acv!oanU  of  ibe  ir«i)ucliii&  thai  it«v«  r«i 

UB,  it  nuy  prirhaps  be  de«nR«d    presutiifrtuoui 

decide  dn  iu  rvml  chkrACter-    Tlukt  il  ■ciuaJlf  <»' 

curred  tb6r«  eiut  be  oo  doubt.     It  ii  U)ca«taraW 

wiib  1x»th  the  history  tml  tlie  Kru  of  the  Honwa*. 

It  is  luenlionud    by  ViileriuK  Muximu*.  liy   PIut 

<i.,j   [livy:  repr««»niatioii«  of  Tutit  e*rryib|f  iW 

<     .  w.  ri-  hlqi.  t-rabodied  in  MiilptunM,  in  imun 

■  fm.     Tlt0  U]nF3t«d  figure  wi« 

'_' I  <_  t  the- Imt^r,     It  i«  from  ihif 

volume  of  MontlAUCOii'i  Antiqailiir*,  Plite  ?8. 

A«  the  fuac  tbt^r^foro  woa  c«ruiu1y  perfonr 

«i  mutt  have  bren  either  by  naturnl  or  by  ••^pfn 

tural  mearift.     Some  writers  have  admitted,  and  I 

AuguMioe  Bmnng  t\win,  that  thw  mtrarU  waa  ■ 

imiiiti  nii«;  hut  ibrm  art-  cirrumAtatuva  n  " 

to  ohow  ihal  lite  whul«  u'li*  n  well  cnitcrM 


Mo.  71.     TiKia  n-   ilagW* 


Tiwitiv  cx«<ciiti^d  Irick,  on  thii  pari  of  Tutia  i 
fricrmls;  and    furtlirr,   thai  it    wa*  a 'mui;b    ri 


aimple  on**,  than  irtlwr  dernfitiotui  to  whirh  the  bnatben  prima  auc 
limes  had  u^mtnv.  It  poc«faiioii  consiiienibin  itttc-reat  however  aa  I 
nishlnff  aiiutlter  specimen  of  ttii^ir  protirient'v  in  a^ioniilic  ju)i)fli| 
nttturiu  uiM^c.  To  »Hy  nothini;  of  th(-  abftiirdlly  of  adiuiiiin^f  a 
iiitutjioiilion,  in  aniwrr  to  int-otationa  mtiireaMrd  to  n.  hraiheu  ^ 
Biiil  of  the  imprultability  of  Tiitta  beine  condeitiitcd  while  inoucriitf 
eerlaiidy  waa  aodinthing  iiuapicioui  in  ntr  uiMlerlnking  to  stilccl  ibn  Irmt  _ 
the  ^otldeia,  and  <>»|i«cia]ty  such  a  mii>  aa  that  of  tJirrving  water  in  _ 
ciflVe.  tnstrud  of  aiking  for  a  aigii  by  water,  it  would  nave  be<ei)  mora 
appropriate  and  more  natunl  in  her  (if  aincere)  to  have  prayed  fur  one  I 
Jire — by  tJiai  elemom  which  waa  the  symbol  of  the  deity  «he  tnvoluni,  i 
which  It  was  ber  peculiar  duty  Ut  attend  at  the  allar  and  prfisrr^e  pur 
thp  element  too,  which,  if  the  accusation  was  true,  «he  had  poltuied  : 
udea,  a  token  by  &ra  woa  alu-ays  conaidurud  by  the  heathen  aa  die  MroE 
e<t  evideneu  of  divino  aojirubaiioo.  Wbut  prompted  her  ihea  to  niu)d_ 
the  test  (if  t)ie  sieve  t  noublleaa  ItecauM  the  derioo  by  wbteh  it  waa  14 
be  porftrmed  waa  already  matured-,  not  by  t)te  aatuianoe  of  Vrw,  biM- 
by  a  very  eiruplu  eonlrivaitce  furnmlied  litr  bv  ibo  priaata,  from  their 
of  philiMophical  and  oilter  apparatus  wslh  wiiicb  tliey  wrought  thetl 
derv  before  the  people. 

The  coDtrirance  w«a,  we  presiirae,  a  modific 
of  the  ancient  sprinkling  pnt,  ju*t  dcaenbed. 
sieve  shv  eioployed  winild  tliemfore  be  a  dut 
onv;that  is,  iu 'bottom  and  fide*  were  hollow,  the 
exterior  bottom  only  being  fierfoniied,  as  in  ibc  at>- 
nexed  cut,  wbir-h  rppreutnts  a  double  metaiiie  ve— el, 
the  intier  ono  being  capable  of  holding  water, 
die  upper  ^gea  of  holii  united  and  mado  vktU  . 
tt^m!l^Sn^^^**t  I'gbt,  «itb  the  pxception  of  one  or  p«rUpa  U 
amall  openings  sliown  on  the  edge  in  the  6gtil 
Thus  when  such  n  sieve  wa*  pressed  slowly  under  water,  iJie  litjiiid  wa 
enter  iliroueh  the  (ferftinitf.!  In^iumi.  drive  the  air  l»efnre  ii.  and  till 
cavily  ;   anil  when  the  u[ipor  jwrt  was  aunk  belti"     ■  ~ 

apparviU  sieve  would  also  be  fillvd.     Then  by  < 
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ipM  tU  lAmmh,  the  v^bkI  miglit  be  nussd  oat  of  the  rmr,  tba  water 
■I  thm  cavity  being  MSfieackKl  preoMly  u  io  Noa.  69  and  70,  to 
Tolm  mi^t  Ktura  vrtth  it  Ui  the  temple,  and  an  approtM:hing  tlw 
r,  by  itopvrccptiliiy  sUdirg  her  thumb  to  one  Mtde.  %hc  air  wouU  enter 
opeaiiig  thus  exposed,  aod  the  coDtent*  of  tiie  caritv  would  deacwtij 
ta  «  lAowrr,  Co  the  aoMUwnicnt  of  (be  spectators  and  U)  the  onnfuflton  of 
bar  adwrwioa.  Wiih  eucb  an  inatnunent  ahv  might  go  wiiti  that  oonfi' 
lotlie  uial,  which  ahe  ie  represented  to  hwvc  (u\i,  bebig  fully  con- 
intend  of  cncceaa.  While  die  was  in  the  act  of  carrying  ihu  water,  the 
■p>ciaiBfft  woold  he  unable  to  delect  the  slightest  impnsttion,  or  if.  fmm 
um  eWruioD  at  which  ahe  seeioa  to  have  borne  it.  the  riottom  of  tbo  «eve 
vu  expoaod,  it  wouM  be  niort)  likely  to  confirm  them  in  ilte  Itelief  of  th« 
inirade.  aa  birr  movement*  would  cause  the  suspended  water  to  appear 
ai  tbe  opvaingv ;  but  it  is  mor«  pmfaabh)  that  they  were  kept  at  too  ^^reat  a 
diacuiM  bj  th»  maaa^rs  of  the  &rce,  to  nfiVird  them  any  opportuniiy  of 
exwoMlg  an  oiwltM  curioaity.  And  when  the  trial  was*  over,  the  sieve 
would  be  aeeured  by  ihoao  in  tbo  secret,  who  would  hare  one  nmibr  in 
apDwanee  raady  for  exaaioaiion  whenever  required. 

Few  devieee  are  better  adapted  to  domonsuaie  the  suspension  of  water 
by  th«  atniMpher^.  than  those  bttle  icstrumcnts  which  ch^^tnisUi  and  deal- 
ers in  anient  fpirtt  aae.' to  examine  their  ^'arious  lii|uids.  Those  of  the 
fimaer  are  named  '  dropping  tubes,'  from  the  small  quantities  thcv  are  d«> 
sicnrd  to  take  op,  and  the  latter  'liquor  tasters;'  both  are 
subaiaBtiaily  the  same,  for  they  dilTer  merely  in  Wm  and  di< 
HkenMons.  3otn«c.urioiisexpcnment5may  bemadcwilli  them. 
For  example,  a  aeries  of  liquids  similar  in  appearance  but 
differing  fma  earh  other  in  specific  gravity,  and  such  a^i  do 
not  rrailily  mix,  mnv  be  placed  in  a  glass  or  other  vessel,  so 
as  to  form  separate  ta^'en.  the  lieavieet  at  the  bottom,  and  the 
li>;htesl  reposing  on  the  tap.  An  expert  manipulator  may 
iIh-ii  hy  a  tatter  (So.  76)  withdraw  a  portion  of  each,  and 
present  lo  the  examtnaiion  of  his  audiem-c  from  the  same  vea- 
ael,  samples  of  diflerent  wtoes,  ardent  spirits,  water.  &c.  There 
f,,  j^,  ia  reajtoe  to  believe  that  tbe  anrieni  profeMors  of  legerdemain 

were  well  acquainted  with  auch  devirea.  It  ia  poasible  that 
Ab  inck  performed  by  a  Chiueae  juggler  belnre  the  Russian  embassy  at 
Pektn,  in  tbe  last  oenturj*,  was  of  the  kind.  It  Is  thus  described  by  Mr. 
Bell :  "  The  roof  of  the  room  where  we  sat  was  suppone<d  by  wooden 
piliara.  The  juggler  took  a  girablel,  with  which  he  bored  one  of  the  ml- 
tarsaad  asked  whether  we  chose  i;^  or  while  wine  I  The  question  being 
answered,  be  iiulled  out  the  gtmblellkiiil  put  a  quill  in  thA  hole,  ihnniEh 
which  ran  as  mim  a  caak  tbo  wine  demaiidetl.  Al'ter  the  name  uiattner  he 
extractrd  several  anrt*  of  liquors.,  uU  which  I  had  the  euriouity  to  taste, 
and  fouttd  ihem  fEiwil uf  the kiuds."  Bell'sTraveU.  Lon.  17G4,  voL  ii,  &S. 
Peter  Martyr  speaks  of  old  jugglers  that  "  dcvoure  breail,  and  imnw 
•lialeK  spit  out  meale;  and  when  tbey  have  droonkc  wine,  they  seem  pre«- 
aa<li<i  to  poure  the  same  our  f^  the  midst  of  their  torched." 

T^ere  an?  numerous  intimations  in  history  that  hydrod^'namica  was  one 
uf  tW  Dn*t  rmiiful  «nurccs  ot'wicntitic  imr><>stiin>.  to  which  ancient  inaci- 
€3ikin  kail  r>'eiaur9e.  Resides  liie  sie%'c  of  Tutia,  the  cup  of  Tantalus,  and  ibe 
D  :>,  there  w^re  "the  tnarveltous  fountain,  which  Pliny  describes, 

it  ■  n{  Aodroa,  which  discharged  winu  for  seven  days  and  water 

di.  ■  '■  "t  the  ycAf— the  spring  of  oil  which   broke  out    in   Home 

H<:i-    till'    n-tum  of  Augustus  from   the  Sicilian   war— the   three 
^t^-  unia  that  filled  themselvea  with  wine  at  the  annual  feast  of  Bacchus, 
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in  tho  city  of  GIli»— tlie  gtms  torab  of  Belut  which  «nu  fall  of  oil. 
which  wHuii  Obcv  cm]Jtic(]  b^'  Xcrxtis  coulj  tiut  agsiti  he  filled — ifar  uce 
ing  sUtUL-s.  ui<J  ilio  pcruvtual  lunfw ;— oil  the  obviuus  efiecu  of  the  > 
iibrium  uid  prvsmru  uf  llutde." 

Tbv  cuu  uf  TanialuB  will  bv  ouml  ilmcribed  in  Oie  Ch«|iter  oti 
ptiOH5  in  uook  V.  Divining  cups  trmy  be  uoticed  hen,  tu  ihtitv  it  re^ 
to  bulievc  tliiu  wster  was  ftutrponilca  in  some  iif  ihutn  by  aUDtupLni 
prciwuru;  whilu  in  othcn,  Mundit  w<:re  uroducud  by  the  exjiuUiuQ 
air  through  svcmc  cftvioes  fonned  within  Uwm.  Divirimiion  by  water  1 
previiik-u  fruin  immsmoriat  umo,  and  in  the  eiisteni  world,  hu  bevc  pr 
tiaed  in  u  great  varioiy  of  way«.  Sotneunic^  the  iutjuireni  into  funuu^ ' 
perforiaed  ifati  riifjuutiu!  ccreinonius  theni«elve«,  and  with  ordinary  taun- 
menu,  a»  when  u  mirror  or  Umking-glotia  wajt  uted ;  (stw  p*g^  •!')  » 
oOier  tiineA  profesmonal  aoroercrj  were  umpluyud.  Tbt>ie  taen,u«iwi' 
ler  of  courw,  provided  their  own  apparatuj,  and  heiu»  had  everj'  ap|w^ 
tuiiity  in  its  conHtruction  of  concealing  wtihiu  sutne  part,  thtt  device  upM 
whieo  their  dfcpptions  turnifd, 

Of  all  the  impivRU'^nLs  contKctod  with  Hydromancy,  oops  ar«  thenM 
interesting.  They  are  among  the  earliest  that  history  has  mentioowl. 
(Gene^iti,  xliv,  6,)  and  they  have  longer  retained  a  place  in  the  conjnm't 
budget  than  any  other.  They  M-cre  uocd  by  aitrol(^ra  of  Europe  during 
the  middle  ftgcfl,  and  are  not  yet  wholly  abandoned  in  that  pan  ofi^ 
world.  Like  all  devices  of  the  old  magicians,  ingenuity  seems  to  ba«<) 
been  oxhaustisd  in  their  formation  and  in  adapting  them  tu  different  tff 
ciea  of  jagglory.  They  wore  of  various  material* ;  while  some  were  ol 
Bitver  ]ike  JosAph's,  others  were  of  ^vood,  glass,  atone,  tcc.  according  to 
the  nature  of  the  trick  to  be  performed  by  then,  i^ometimes  pr<*«ae** 
were  dr«wn  from  observing  the  liquid  through  the  tui^s  of  the  cir 
this  purpose  it  woi  mode  of  a  translucent  material ;  but  then  one  ^^i  ^  ' 
left  titiri  whilu  the  others  were  (bin,  »o  that  the  contents  were  invi 
through  the  former,  but  quite  plain  through  the  latter.  Titc  indicatid 
were  considered  favorable  when  the  liquid  was  clenr  and  distiiw^lly  i 
and  unfavorable  if  the  inquirer  could  not  perceive  it — thus  cither 
was  presented  by  the  conjurer  as  best  suited  bis  views.  Tlic  same  _. 
is  still  performeti  in  some  of  the  cburch<»  in  Italy;  one  side  of  the  goli 
or  glass  ia  made  opaque,  while  the  other  is  transparent.  With  other  ci 
it  was  the  motion  or  agitatiom  of  the  liquid  thai  was  looked  for  :  if  it  I 
majned  at  rest,  tlte  omen  was  bad — if  violently  movod,  gmd.  This 
O^  divination  mont  likely  depended  on  legerdemain  or  'sleight  ofi 
in  dropping  unpi*rcetved  snmo  substance  itrto  the  vf>gsel  that  pi-odtM 
fervescencL— or  by  opening  a  secrA  communication  with  a  cavity  in 
Mem  or  base  of  the  vessel,  containing  a  liquid  that  hod  a  similar  erl'ecL 
Japan  it  is  common  to  place  a  pot  of  water  on  the  bend ;  if  the  Ik 
boil  over,  tiie  presage  is  gond,  "but  if  it  stirs  not,  bad  luck."'  Am 
the  prodigie«  mi.>ntiom>d  by  Herodotus,  is  one  of  this  kind :  the  Resh  of 
a  victim  mcrifirod  during  tho  Olympic  gomes,  was  placed  in  bnupn  ci 
drons,  and  "the  water  boiled  up  and  overflowed  without  tb«  tniervent 
of  fire,"  (B.  1,  A9.)  The  t!merald  cup,  by  which  the  priests  of  Mc 
deluded  people  in  the  dark  ages,  belongs  to  the  same  class.  On  oar 
days,  two  or  tJiree  extremely  minute  lishes  wore  secretly  put  in,  and 
their  motions  in  the  water  produced  such  an  elTeot  that  the  people 
penaadeai  "  tlio  cop  was  uivs.''^ 


•  MentoBitf'  J«i»n,  mtulslad  br  0{ilb}'.  I  An.  IKrn.  |>  im. 
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^^^Tha  dinaiog  eupa  of  iho  Axynua  sod  Ch&ldeaii*  *ppear,  from  im- 
^^^briflct  aocounU  of  ihciu  uxi&itt,  to  have  be«D  more  ortificully  contrived. 
^^^vben  oi»e  was  used,  it  wm  Hllvd  with  waier,  b  piece  of  silrer  or  a  jewel 
haviug  CLTiwn  cliaructert  oasnved  on  it  wu  tlirown  in;  the  tMnjunr 
then  niuttcrvd.  kiiiu  words  of  tdjumtion.  when  the  demon  thus  addressed, 
tt  »  said,  "  wAftJed  die  answvr  from  the  bottom  of  llie  cup."  These  ve»- 
■ela  wore  prulmbly  90  contrived,  UiU  the  water  might  compress  air  ooo- 
eoaled  in  some  cavity  iu  tl»  base,  iumJ  furce  it  Uiruugh  the  orifice  of  a  mi- 
Bute  raed  or  whistle,  w  in  the  musical  bottles  of  Peru.  As  Julius  Cyre- 
IUU8  says  «u<?h  ogfw  were  al&o  UiMmI  by  the  Egyptians,  U  ts  possible  that  it 
ma  ooe  of  them  by  which  Joseph  diviiwd,  or  afiected  through  policy  to 
divine.     Divinatioa  by  the  cup  is  still  practiced  in  Japan. 

h  is  well  known  dial  the  jugglers  of  Asia  liave  always  been  utui- 
ftUod.  Even  in  nuderti  liniL-d,  some  of  their  tricks  are  beautiful  applica- 
tiMM  of  scienoe,  and  are  so  neatly  perfbrtncKl  as  to  baffle  the  most  saga- 
eiooa  of  ubdervurs.  A  fuU  account  of  them  would  go  far  to  explaxn  all 
ibo  niracUM  which  ancient  authors  have  Rwntiotwd,  and  would  afford  some 
enriiwa  infomiaiiuu  respoctiag  the  secrets  of  anoient  (emplee. 
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CHAPTER    IV. 

BMaoa:  tapi)HibI«l»mb*l*|«iiUb7iIui  wUchlin  ollBd— Acdon  ofUia  mmsIm  cf  As  IfcoMS 
■<  «Wiwwa  ip  *»<*iv  wpMatd— T»o  kl-l<  ofttujlon— WLy  ifcr  ttwi  btOTtl— »<— augMsgpcb— 
ha  MMBd^-^apjMus  Bi^  r<ippl«f -iMirn*— Iu|wiult7  of  \  r»»ii— ^uokiux  tuba*  arifiaal  atHwiphrte 
(■■p*— Tb>8Mitfni«MAalli>— PwiiTiuiaadeiirtokiiMit«i.by  Hiclunf  It  ibroafhUbM—RflflMtiaMas 
a^-Hni  ■ppHearioM  of  Hab  lab**  MfgMlBd~ElF4aalioa  al  an  •vbl£Uoiw  prmortiul  upraHloH. 

Aia  is  exjHilied  from  such  Tessela  as  are  figured  in  the  last  chapter  by 
thniJting  tbem  into  a  liquid,  which  entering  aC  the  bottom,  drives  out  as 
it  rises  me  lighter  ftuid  at  ihc  top.  In  the  apparatns  now  In  be  described, 
ills  withdrawn  in  a  diHerrnt  manner.  l*he  veaeels  are  not  lowirntd  into 
water,  but  the  latter  is  forced  up  into  them.  The  operation  by  which  this 
is  accomplished  waa  formerly  named  Kuction,  from  an  orroneoua  idea  that 
it  was  eSected  by  some  power  or  faculty  of  the  mouth,  independently  of 
any  other  mfluence.  A  simple  experiment  will  convincct  any  one  that  the 
amaUest  panicle  of  liquid  cannot  be  so  rsiscd: — fill  a  common  flask  or 
stnall  bottle  within  a  quarter  of  an  inch  of  the  top  of  the  neck,  and  place 
it  io  a  perpendicular  position  ;  then  let  a  person  apply  his  mouth  over  the 
onfiee,  and  he  may  suck  fnrcver  without  tabling  the  contents;  the  veriest 
lover  of  ardent  ^piriu  would  dio  in  despair  cro  he  could  thus  partake  of 
hu  favorite  liquor;  and  tite  cxhauvied  traveler  could  never  moisten  his 
parched  throat,  although  the  liquid,  as  in  the  cose  of  Tantalus,  was  at 
mi  lip*.  « 

n  a  previoufi  chapter,  the  error   u-as  not   cxplodei)   till 
1-  naca]  B  experiments  proved   that  water  is  not  raised   in 

ptnopa  by  siiciiiM),  or  any  kind  of  attraction,  hut  by  puhno*  from  aerial 
pmrntre.  Suction  therefore,  or  thai  which  was  so  called,  merely  removes 
aa  obetacle  |air]  10  a  liijutd'd  a«ci>nt — it  docs  not  raiai;  it,  nor  even  aid  io 
the  act  of  raising  it.  In  other  wnrdit,  it  is  simply  thai  action  of  lV\c  mua- 
d«s  of  ibe  tKorvi  atwl  abdojoen  which  enlarges  the  capacity;  oC  •Haia  \tt<n^% 
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uid  ehe*t,  aa  lh«t  air  witbln  tfaetn  becomes  rarefied  aiul  eoaaequentljr  no 
Ioniser  in  equilibrium  witb  Uiat  wicbout—bence  wl»en  in  thia  alale  ■  com* 
munication  is  opened  beiweeit  them  and  a  ti'juid,  ibe  weigbt  of  ibe  almoa- 
phere  rtstin);  upon  the  latler  necetsarily  drives  it  into  the  mouth  ;  aa  for 
example,  wben  a  person  drinks  water  frum  a  tumbler  or  lea  from  a  cupu 
Haw  singular  that  the  rationale  of  taking  liquids  into  the  atocnach  wa*  not 
understood  litl  the  17th  century — that  so  simple  an  operation  aiai  one  ib- 
cessantly  o<:ciuTing,  should  have  remained  uoexplaJned  tlirougb  all  pn^ 
vioiis  time ! 

Two  kinds  of  suction  have  been  mentioned  by  some  writers,  but  the  pn»- 
cipic  of  both  is  the  same :  one,  the  action  of  the  cheat  just  mentioned— 4kt 
oibei',  thnt  of  the  mouth  alone;  vie.  by  lowcrinff  the  under  jaiv  while  the 
hpsare  closed,  sod  at  the  same  time  contracting  and  drawing  the  tongue 
back  towards  tite  ibrnat.  Tbcrv  is  this  difTerence  between  tbein:  tlte 
former  can  be  performed  only  in  the  intervals  of  respiration,  uhile  tbe 
latter  may  he  continuous,  since  breathing  can  be  kept  up  through  the  iwa- 
trils.  One  has  l>e«n  named  supping,  the  other  sucking.  The  term  'sucker,' 
commonly  Bpniii-d  to  the  piston  of  atmospheric  pumps,  araae  fnxn  its 
acting  as  a  auDStitnlc  for  the  mouth.  With  this  pxpLanation  uf  the  termi 
suction.  Slicking;,  &c.  wc  shall  occasionally  use  them,  in  accorilance  with 
^neral  nistom,  for  want  of  substitutes  eijually  popular. 

IftfiniA  and  ihf  young  of  all  mammals  not  only  practice  tucking  6U  tliey 
quit  their  mother'*  breads  ^ar  solid  food,  but  most  of  them  continue  tbs 
practice  through  life  when  quenching  their  thirst:  of  this  man  is  an  ei- 
ample.  for  it  is  by  sucking  that  we  receive  liquids  into  the  stomach, 
whether  we  plunge  our  lips  into  a  running  stream,  receive  wine  from 
a  goblet,  or  soup  from  a  spoon.  As  the  origin  of  artificial  devtoa 
for  mining  lit^iiids  by  atmospheric  pressure  may  he  traced  to  this  nat 
operation,  «ome  other  examples  may  be  mentioned-  Of  tbe«e,  aucki 
poison  fnim  wounds  is  one.  This  has  been  practiced  from  unknown  UK 
tiqtiity.  Job,  KpcHk*  of  sucking  thu  poison  of  asps^At  the  siega  of  Troy, 
Afachaon  'suck'd  forth  the  blood'  from  the  wounds  of  Menelaus;  and  tw 
women  among  the  ancient  Qermans  were  celebrated  for  thus  healing  their 
wounded  sons  and  husbands.  The  serious  nons^^uerices  that  ofiea  tt' 
tended  the  custom,  led  at  an  early  period  to  the  introduction  of  h§hca,  by 
means  of  which  the  operation  might  bo  perlormed  without  danger  to  die 
Operator;  for  scrofulous  and  other  diseases  were  frequently  commnnicsted 
to  the  latter,  by  drawing  tainted  blood  and  humors  into  tho  mouth ;  whereast 
by  the  interposition  of  a  tube,  the  offensivB  raatlor  could  bo  prervntad 
from  coming  in  contact  with  the  lips. 

Before  the  use  of  the  lantwl  was  di*coi-ere«l,  these  cttpping  tubes  were 
applied  m  ordinary  blood-letting,  l^ven  at  the  present  day  such  is  ttti 
only  kind  of  phlebommy  practiced  by  the  oldest  of  existing  nations;  (or 
"th«  ikame  and  the  use  of  the  lancet  are  eijually  unknown  among  the  na- 
tives of  ?Iindostan.  They  scarify  the  part  with  the  point  of  a  knife  and 
apply  to  it  a  copper  cupping-dish  with  a  long  lube  affixed  to  it,  by  nieaaa 
of  which  they  suck  lh«  iiIoimI  with  the  mouth.""  It  is  the  same  with  * " 
Chinese,  Malays,  aiwl  other  ptHiple  of  the  east.  Tbeso  generally  uatt 
nne  kind  of  apparatus  as  the  Hindoos,  but  sometimes  natural  tubM 
employed,  as  a  piece  of  liamboo.^  The  horns  of  animals,  as  tbo«« 
oxen  and  goou  were  aUo  much  iis«d ;  theae  on  account  of  their 
oil  ibrtn  being  better  adapted  for  the  purpose  than  cylindrical  tul 
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Park  foQnd  t}ifl  negroes  of  Africft  cu|]ping  with  rama*  borna;  and  the 
3b«]and(*r«  vuntiiiut;  lo  uai'  lliu  huidc  iniftrumRnt,  having  derived  it  from 
ibeir  Scandinaviiui  aiicaston.  Cu)>ping  was  pncticed  by  iiippocraies, 
ml  cup|)iiig-iit«trumenu  were  the  emblems  of  Greek,  aud  iCoiiuui  phy- 
tmnai. 

Tbe  application  of  a  reed  or  other  natural  tube,  tlirough  which  to  sack 
Ikfoidi  that  cannot  otherwise  be  reached,  has  always  been  known.  The 
device  IB  one  which  in  every  age,  boys  as  well  as  man  octiuire  a  know- 
led^  of  inTuitivelv.or  as  it  were  by  instinct;  nor  does  it  indicate  a  greater 
degree  of  ingenuity  than  numerous  coiitn«-Bnc^>s  of  the  lower  animals — 
ikn  nf  the  mopfi  for  example,  winch  Phny  has  mentioned  in  the  Iwnlh 
book  of  hi)  ^fatural  Kistoty.  This  bird,  during  a  severe  drought,  seeing 
■  vuu  near  It  sepulchre,  flew  to  it  to  drink,  but  the  small  t|aantiCy  of 
»*l«r  it  cuntained  was  too  low  to  \»  reachtHl.  In  this  dilemma,  slimula- 
Ird  by  want  and  thrown  npon  iii;  own  rcs^inrces  for  ioveution,  it  soou  de- 
fiieiiliiri  effectuxl  mode  of  accurnpliihtn^  it«  ohjecl— it  picked  up  small 
pebblvif  and  droppfd  them  into  the  vckskI  till  tht*  wntt-r  roxi*  to  Ehn  brim^ 
an  iaua»c«  of  sagacity  fully  tM|uai  lo  tbe  application  of  a  lube  under 
nmiUrcircumslaiM-tis  by  man. 

As  tucking  tubes  are  atm<Htpheric  pumps  lu  embryo,  a  notice  of  some 
■ppjicaiions  of  Uiem  will  form  an  apprnpnate  iitiroducLion  tn  llie  latter. 
Tbe\'Con)iiitutje><l  |iart  of  the  ■experimental  apparatus  tiF  the  old  Greek  Pie- 
DUCiaad  VaCuists;  and  were  used  by  die  EgypD&ns  aa  siplions.  They 
iWe,  and  still  are,  employed  in  Peru  for  drinking  hot  liquids,  and 
•en-  aocieiiily  used  by  the  laity  in  u^rtaking  of  wlae  in  the  EucharisL 
"Bitlui  Rhenanus  upon  Tcrlullian  in  the  booke  Dt  Corona  MUitia,  |-e- 
partctJi  that  among  the  riches  and  irea^jur^t  of  the  church  of  Mense,  were 
c*naiii  silver  pypes  by  the  winch  pruliinu  men,  whom  they  call  the  laieiie, 
sucked  out  of  the  chaJlice  in  the  holy  8upj>er.""  Th«  device,  if  not  of 
more  distant  origin,  was  perhaps  designed  in  the  dark 
agea,  as  a  check  to  tbe  rude  coinmuni  cants,  who  would 
naturally  be  inclined  to  |wrtake  too  freely  of  llie  cup. 
But  since  the  laity  were  excluded  by  the  Council  of 
Constance,  from  sharing  ilie  wine,  the  use  of  such  tubes 
haa  been  retained.  At  ihe  celebration  of  high  mass  at  St. 
Denis,  the  deacon  and  9ub*deacon  suck  wine  i>ut  of  the 
chalice  by  a  rhaltnmsK  or  tube  of  gold.  [DicL  de  Tr^ 
voux.      An.  Ohalunwau.J 

'The  gtinsiiiiaHfJifUo  or  blood-sucker,'  says  La  Motraye, 
I     -^■^^t^     '■  ■   goldfit  lube    by  which  the  Pojif  Fiirks  up  the  blood 
fl^MI     [wine]   at   high  mass;  the  chulicc  and  tube    being   held 
^Q^    by  a  deacon.     Tht?  instrument,  hu  n^rnurks,  carnesponds 
1)      ^F      with  "thu  unciert  iitt^iilarU,  or  lube  inf>nliiinttd  by  Oar- 
I  dinal  Hona  in  his  treatise  of  things  lw>loiiging  tn  tho  liturgy, 

^^^^  and  of  th«  lenvened  and  unleavened  bread,"*  No.  78  is  a 
figiire  »f  the  ssnguisnchello.  It  liiia  ihrxM*  pipes,  but  cl»e 
middle  or  limg(.>st  one  is  thai  by  which  the  litpiid  is  raised. 
Thf  whole  is  of  gold,  highly  iirniimniited,  and  enriched 
wilb  a  large  emei-ald.  Oni?  reason  assigned  for  its  use, 
is,  that  it  is  more  seemly  to  Mick  the  nlmid  [wine]  oa 
thrmigh  a  rein,  than  tn  jrmp  it. 

The  Pomviims  maki;  a  tea   or  ducMclimi  of  the  *herli  of  Paraguay,' 
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wbicli  is  common  to  all  cUues.     "Instead  of  drinking  die  tim 
infusion  apart,  ait  we  drink  tea,  Oiey  put  tlie  Vierb  into  ■  cup 
made  of  a  calabash  or  gourd,  tipp'd  with  silver,  whtcli   they  cali  auit. 

they  add  »iiga.r  and  pour  on  it  the  bol 
WBier,  which  thi?v  drink  iinti>eii;id| 
without  giving  it  time  (n  iafu»c.  becauB 
it  turns  OS  black  as  ink.  To  avoid  drxA- 
ing  the  h«rb  which  su-ims  at  the  iiifiL 
they  make  ust-  of  a  tUcrr  j^jv,  >(  ttf 
enJ  whereof  is  «  bowl  ftj|  of  liibf 
holes;  »o  that  thv  liquor  tvck'd  »  U 
Uie  othor  end  is  clear  from  the  {jeH*.*'' 
Frrxi«r  has  given  an  engraving  <>l'i 
Indy  thus  ttrnploycd,  froin  whifil  >a« 
annexed  cut  is  copied. 

In  Frifzier'jt  lime  it  wa  llw  ciuim 
for  uvury  one  at  a  purt^  to  swik  wii 
of  the  same  tube — like  Indians  is  am- 
cil,  oach  taking  a  whifT  from  tbewnt 
caluRtut.  Wiui  the  exception  of  cos- 
fining  a  company  to  the  nie  of  ofio  * 
slrument,  we  sfiould  think  thii  iitfdr 
of  •  taking  tea*  deserving  the  conedtn- 
tion  of  the  wealthy,  since  it  poMeues  several  advantages  over  the  Chine* 
plan  which  we  hare  adopted.  In  tlie  first  place,  it  ts  not  oidy  a  wk 
ingenious  ajid  scieiiliBc  mode  of  raising  the  li(|aid,  but  also  more  gTatclui 
than  the  gross  mechanical  one  of  lifting  the  vessel  with  it.  It  ii  lant 
ecoaonucal  as  regards  the  exertion  required ;  for  in  ordinary  cases  s  pc^ 
wn  expends  an  amount  of  force  in  carrying  a  cup  of  tea  backwardt  uJ 
forwards,  so  many  times  to  his  mouth,  as  would  suffice  to  raise  a  baclri 
of  water  from  a  moderately  deep  well,  in  the  use  of  these  tubes  tbvrr  it 
no  chance  of  reritying  the  old  proverb — 'many  a  slip  between  ti«(  of 
and  the  lip' — And  then  there  is  no  danger  of  breakage,  since  the  re«el 
need  not  be  removed  from  the  table.  How  often  baa  a  valuabk'  'teaW 
been  broken,  and  the  heart  of  the  fair  owner  almost  with  it,  1n 
awkward  visitor  dropping  a  cup  aiid  saucer  ok  ihcir  w«y  to  hit- 
or  on  their  return  to  the  tabh'  1  Lastly,  the  intrtnlurtion  of  the"' 
would  leave  the  same  room  as  at  present  for  display  io  lua-ta!-> 
pbemolia. 

There  ii  ouothor  appUcalion  t>f  them  which  some  convWialuts  t»j' 
tliank  us  for  suggesting.     It  has  boon  regretted  by  ancient  and  cuodna 
epicures  that  nature  has  given   them   nttks  much  shorter  tliiui  ihoae  vt 
some  other  aninuds;  those  pbih>sopkcr>  sup{>osinff  that  tlte  pleamiKs  of 
esUDK  aud  drinking  are  pmponioned  to  the  Im^tA  of  the  channri  t'>i-<i:«'ii 
wbien  food  passes  to  the  itomaeh.     Now  although  a  sucking  tub* 
alter  the  natural  dimensions  of  a  person's  neck,  it  may   he  *o  xif 
prolong  the  sensation  uf  deglutiUou  in  the  shortest  one;  for  by  eiiu! 
tlie  oriRce,  ench  drop  of  liquid  imbibed  through  il  may  be  liiv 
contact  with  tlie  organs  of  taste,  and  be  detained  in  its  passage  iuh 
particle    of  pleasure  ti   extracted  from  it;-^being  tbu   reverse 
takes  place,  when  pentlemea  swallow  their  wine  in  gulps.     The  i 
lidious  disciple  of  Epicurus  could  not  object  tu   this   use   nf  l}ii.'ni,  uiit^ 
iMlhing  would  touch  his  liquid  but  the  tube;  and   as  every  person  wot 
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pnnde  hia  own.  no  ono  would  ever  think  of  borrowing  his  neighbor'i, 
mmom  Hum  he  would  ask  for  the  loon  of  his  looth-pick." 

We  BTo  not  tarn  thu  this  plan  of  atlenuating  a^^eable  liquids,  did  not 
BTe  rao  to  that  mode  of  drinking  adopted  by  the  Itixuriuua  Greeks  utd 
iMllillSi  to  which  we  have  before  alluded.  Their  dnnkiiij^  vesfleU  were 
nanally  honw,  or  were  formed  in  imitation  of  thwin.  At  the  small  end 
of  «ch  a  very  minute  opening  was  made,  through  which  a  stream  of 
^  M  il  were,  descended  into  the  mouth.  PaintingB  found  in  Pom- 
,ll>d  other  ancient  monuments,  rvpr«seat  individuola  in  the  act  of  thus 
llbeai— while  others,  whose  appetite  for  tlie  beverage,  or  whose 
;wai  too  keen  lo  relish  so  slow  u  mode  "f  allaying  it,  arc  seen 
I,  not  out  of  "the  little  end,"  but  out  of  the  iurge  end  "of  the 
We  have  mentioned  this  circumstance!!  because  it  appears  to  af- 
1  a  solution  of  an  old,  but  somowhst  ambiguous  saying. 


CHAPTER    V. 

OiMtwt  pvaipi:  Gr««t  •anrty  In  tbt  fumt  ud  muarldiarBidilitnMmHWBUr— Slatp1«  bcl 
>■■  |iB[)  Iwliiiii  l]«iitui  puui)>— Prriicb  pump— OoaHt^i  rtlclloalfiM  puEip:  flutiKtijucaCly  rc-ia- 
IIMI4  WmIIb*!  puH|>— Rablian'a  bur  I'unp^DliB'tHnUjtu  of  ballawi  puoipB— Nal  unl  pumpi  tn 
M&IMlr^oJi.  iwMU,  birdi,  &£.— BaflnUoiu  au  llMMb  JUi«i«nl  (MM  fliurtd  m  Ibi*  chkpler. 

h  the  course  of  time  a  new  feature  was  given  to  sucking  tubes,  by 
4ich  thev  were  converted  into  pumps:  tKiB  was  atk  apparaiuii  far  with- 
dnwiag  the  air  in  place  of  the  mouth  and  lungs.  In  what  age  it  nta  first 
derJMa.  and  by  what  people,  are  alike  unknown.  The  circumstanoe  that 
«ngiBally  led  to  it,  was  probably  the  extension  of  the  lengtli  of  sucking 
ttJKl,  until  tliB  etreogih  of  the  lungs  was  n(i  longer  sufficient  to  draw 
■Iter  through  them.  In  this  vr&y  the  bellows  pump,  the  oldest  of  all 
pnntpf,  we  presume  took  iu  rise. 

It  should  be  bame  in  mind  that  an  atmospheric  pump  is  merely  a  con* 
irivance  placed  at  the  upper  end  of  a  pipe  to  remove  tlie  pressure  of  the 
Mnosphere  there,  while  it  is  let\  free  to  act  an  the  liquid  in  which  the 
lower  end  is  immersed  i  and  farther,  that  it  is  immaterial  what  the  aub- 
mnoe  of  the  machine  is,  or  what  figure  it  is  made  to  assume.  Snmc  per* 
perhaps  may  suppose  thai  pumps  seldom  vary,  and  tlien  but  slightly, 
the  ordinary  one  in  our  streets,  (the  ancient  wooden  one)  but  no  idea 
be  more  erroneous ;  lor  few,  if  any,  nmchines  have  undergone  a 
?r  number  of  metamorphuses.  The  body  or  working  part,  which  is 
td  the  'barrpl'  and  sometimes  the  'chamber,'  so  far  from  lining  always 
"rical.  has  been  made  s<[uare,  triangular,  and  ellmtical ; — it  19  /lot  even 
'ways  straight,  lor  it  has  been  bent  into  a  portion  uf  a  circle,  the  centre 
»f  which  tiinned  the  fulcrum  of  the  lever  and  rod,  bnih  of  which  in  this 
cue  being  made  of  one  piece :  its  materialB  have  not  been  confined  to 
wood  ana  the  met&b,  for  pumps  have  been  made  of  glfuu,  stoneware, 
tume,  leather,  canvas,  and  cauutcfaouc.    Some  have  been  constructed  like 


■ta  Shakesp«arBV  liciw.  "every  gae»t  cnrricd  liia  own  Itntfe.  wlitcli  lie  oocanic  iially 
■tiMlMl  on  a  titnn'^  that  hnns  behind  tlie  tiitaj.  *.}ni:  af  thi'-«r  whcbilonM  ina;  bp  Mta 
m  Pntkiman'a  Mumwo.  Tiuiy  wtre  Manger^  st  Uini  period  in  tii«  um  ot  f«\».'" 
[1>I«M>*''  ft'"'-'  oa  3kdba^ean'»  Tiaion  al  \ii»nM.  Act  i,  Jictu«  4.1^ 
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tt  bag,  rasvmbliiitf  the  nlil  powtlcr-pufrorUul  mtxlern  «c«arcIiOD; 
iho  utnii  nf  itiir  dumettic  mh\  bWlutmilti's  hellow»^-ftnme   in 
of  m  drum,  and  otKi-r*  b>  a  portinci  of  iiti«-— as  a  simplit  hr>r<!t 
suspended  nl  ihf  venire  on  a  perpend  icuJar  one,  aad   w  ' 
the  nrmw  "f  h  pt^Uer'i  wlm-1— tlu^n  a^in  at  a  peqieiKlii 
sucker  or  piatnti,  oiid  movrd  likfi  n  gentleman's  walking;  mnr,  t'l 
indeed  iu  name  i»  dcnved.  (Site  fJamitt  Hydrtmlujur  m  Itook  IV, 
have  vIbo  l>e*>n  made  <>)'  run  nimplM  (u(>es,  tirte  n)ov4>d  ovor  the 
tbow  of  B  lci«iic<jp>'     oven  a  kelUt>  or  cauldron  Itu  been  uM>d  »* 
and  the  vvpoi^  of  >ta  boiling  water  nubntituled  Tor  ihe  oucker  (o 
air  it  coiilained,  uJier  wtiich   the  pfwtaura 
rooapbere  foreed  waler  into  it  from  below. 
^     \      i  uny  derioe  by  wbicb  air  can   bv  remuTwd 

interior  of  a  vessel,  is,  nr  tna^  be  used  u  a 
raise  water. 

Not- bave  tbe  'auckera'  or'piatons*  be«4 
to  lu3»  c)iaiige9  llian  oUier  parte  of  purnpi 
have  been  mode  solid  and  nollou— m  ibc 
cones,  cylinder!,  pvrsmids,  seciorm.  and  segq 
circles: — in  the  sliajie  of  coK-wheeU,  and 
arms  and  vane»of  uinj-mtlla,  with  morions  a| 
to  nuch  an  ibese:  and  sometintes  they  are 
the  sbape  of  a  gentleman's  hat  and  ot  simi] 
naU;  while  the  only  modon  imparted  to 
ihu  odd  one  of  altemoiel^  puahtng  tbsm  if 
and  oRlside  in. 

If  a  collapsed  bladder  or  lealber  bag,  ba 
ff^  ^  at  its  orifice  to   the   upper  end   of  a  p«rM 

lube  whose  lower  end  is  placed  in  a  veesel  | 
(No.  80)  then,  if  by  aoine  conLrivance  the  bag  can  be  dtiitended,  \ 
by  tbe  aotled  tin«i,  tbo  amall  quantity  of  air  contained  in  it  attdfl 
would  become   rarefied,    and    ouns«qtipntlj 
lo  Imlance    tbe  pressnrc  without — hence  U 
would  be  forced  up  into  lb**  bag,  iintd  the  « 
btfoime  again  condensed  as  Iwfnn — that  ia,  I 
dcr   would   bu  filled  with  water,  with  tbe  r 
of  a  (juaniity  equal  to  the  space  prexioualy  i 
by  tbe  air  uithin  it  and  tbo  pipe- 
To  convert  this  simple  apparatus  into  s 
valves  or  clacks  only  arc  wanliog.    One,  upi 
narda  end  placed  in  any  part  of  [hv  pipe  or 
ofite  oxLrcmitics.     This  will  allow  water 
through  It,  but  oune  lo  descend.     Tbo 
over  an  aperture  mode  on  ihu  tup  of  the 
opening  outworda — through  llii>  ine  cuntt 
vessel  when  collapsed  coo  bo  diicharK»-d; 
djfitondcd  it  will   close,  and   ihtrvbv  prern 
tnuicc  of  the  L'xtcnial  air.     Tbe  inftrunie 
anged  becomes  a  Mfinrt  pump.  (No.  -^l,)  a 
which  from  the  obvious  application  of  the  b 
raise  and  epaot  water  as   wtill  as  air.  hai 
invenlcd  by  loachiaists  in  ntinoft  uvtfry  r|^. 
The  figure  scamely  rwiuin-s  illiistnitioa. 
Mmts  a  pipe  uiaehea  to  ^e  under  buard  nt 
or  lantern  belLowst  the  oriltce  of  which  is  cavered  by  a  ctadi^ 
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\tnui  hfts  ibo  as  opening  in  its  oentre  which  U  closed  by  a  valvn  or  clack, 
■ad  ilso  fnmi«he.i  with  a  rod  ami  handle.  Tlw  unJur  Iwanl  «omelime« 
famuihe  botirto  of  a  box,  in  one  side  of  which  a  spoul  i«  maetted,  aa 
ibown  by  rhc  dotted  linos. 

Tha  earlieat  represanianon  of  a  hollows  pump  whidi  vre  hare  met 
with  tn  hooka,  is  anmo^  tho  euriaws  cuu  attached  to  tlio  first  Gennan 
natlation  of  Vegeliiu,  from  which  Nu.  82  is  copied.  (KHfurt  151 1)*  II 
mUiufiee  toshow  the  a{ipIication  of  this  kind  uf  pump  t>:>  nti««  water 
tflhulime.  Tkore  was  of  eourso  n  valve  covering  thu  int«rii>r  uriRce 
of  the  Bonle  and  oponing  outwards,  to  pruvent  the  air  >>iirii  entering 
wbeitthe  upper  board  wiis  rBisc-J.  This  valve  is  not  shown  bKcitme  iho 
waf  representing  the  interior  of  inachiueii  by  section,  was  not  than  un- 
iji«ood.ornot  practiced.  The  lower  board  is  fastened  to  Uie  grtiuird  by 
and  key,  and  a  weight  ts  placed  on  the  upper  one  to  assist  in  ex- 
tks  water. 
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Om  bundn»d  yemrs  a^,  two  boUows  fixed  in  a  boic  and  wnrkud  by  a 
JoflUe  laver,  Ukv  the  old  liru  or  gardvii  engine,  was  deviacd  by  M.  Do 
Pny.  Master  of  Kequofts  lo  tho  king  of  Fraiite.  The  machine  was  re- 
RKDHMnded  to  raise  water  from  the  holds  of  Hhips,  drain  lands,  ilc.  It 
l|l|wan  that  the  widow  ol  M.  Du  Puy.  expected  to  reap  great  advantagBa 
fiixn  it  ia  England ;  but  Dr.  Desaguhurs,  in  1744,  published  a  description 
of  it  taken  from  the  Fn-nch  account,  and  among  other  remarks  he  ol>- 
•erw««i—"  About  fourteen  years  ago,  two  men  here  uppliod  for  a  patent 
far  this  very  engine,  proposing  thereby  to  drain  mines;"  «  •  •  "ail  iho 
difivrvnec  was,  that  tneir  bellows  were  fixed  upon  a  liitle  waggon;  and 
liiey  had  a  ihon  surking  pipe  uriiler;  and  the  force  pipe  went  up  from 
ibo  two  bellows.  I  opposed  tbe  taking  oui  of  this  paleni,  because  I 
ikought  it  would  be  m  great  hurt  to  the  undenakors,  to  lay  out  near 
nghty  pounilft  for  what  would  never  bring  them  eighty  penco ;  unless  ihcy 
nuie  a  bubble  of  it,  and  drew  unwary  people  inio  a  scheme  to  subscribe 
Rioney."  (Ex.  Philos.  ii,  .501.)  R-llows  pumps  were  previously  used  in 
France.     Tbey  are  spoken  of  na  cwmmitn  in  the  old  Diet,  do  Trcvoux. 

•lam  tmWit«d  lo  John  Allan,  E<q  larantp^  of  lbi>«carc«Qld  work.  Itistiin  nuiM 
U  «bKh  ProC  Dwtiinnn  r«rtn  in  hisatiieleoatfw  di*iDgb«n.  UnfonauauXj  4m eola 
us  isA  wiibvwf  upluaatioa. 
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A  nc«t  and  perhaps  the  beat  nuydifiRikiion  oT  ihoAo  mMhine* 
tfieed  about  t]ic  yc^r  17312,  in  Pftris,  by  Mt.>av«.  Gu&aei  antl  Dcaillr.  [t  wm 
tlcscribocl  by  Bclidor  in  1139,  and  by  DeAa^lion  iii  1741,  *»  "•  p'ttnc 
without  friction."     It  eonsiMS  o{  a  circular  piece  of  lesilipt  pr»(iM-J  irit 

the  (arm  of  a  dcffp  dwh.  or  ul'  •  !*■» 
crowned  hat  u'lth  a  wrUle  rim.  TIm 
rim  ia  secured  by  bolts  hihJ  "mat 
belweeu  two  fiancbes  of  a  iinciji  <:\- 
liniJer,  forming  rni  air  t\^'-  •  < 

pan  corrvapunding  m  ih> 
lial  fits  loosely  irtU)  the  i-vliiiiUr,  <iiii 
ihe  crown  is  sircti^bed  oy  a  cin  I'-.r 
plate    of  mMa)  of  the  sarne   "  .■ 
riveted  to  it.     In  th^r   cenln' 
plftie  an  opening  is   miulc    aixi   (Im 
through  tliu  Irother  for  the  puanfi) 
of  the  wftti^r,  and  cnvered  by  a  rain 
opening   upwards    like  the  on)in*nr 
sucker  of  »  pump.     The  forked  vni 
of  the  pumpTod  ia   securvi]    to  llw 
plitte.    (See  Rifurc.)     When  thu  rod  ii 
raised,  \\w  Itolloni  of  the  diih  urhtt 
ja  abovu  ihi'  Haiicb,   and^  whrn  down 
it  ts  pushed  innidn  out  a<  *hi)<i>'ti  m 
ihti    cut,      Thiiii,  by    Hllirrnalrtj    ""tf 
viitiiig  atvd  depressing  it,  the  water  ia  raised  <u  in  llic  common  rump 
This  piston  ia  describAJ  in  Vol.  VI,  of  Machine*  approved  by  ihe  I'wncJ^ 
Academy   for  1732,  p.  85,  aa  the  invention  of  M.  ttotJogne. 

The  great  advantage  of  thia  pmnp  is  in  th«  sui:ker  or  piston  not  n^ 
btag  agaimt  or  even  touching  the  aides  uf  the  cylinder,  hencn  tk^ry  li  m 
friction  to  overcome  from  that  Murcti,  and  the  tealhir  is  ciinse<|Ui:«'H 
more  durable ;  but  the  length  of  utrokt  ia  much  ]«»•  than  in  ottfuBOi 
pumps,  it  seldom  exceeding  six  or  eight  inches,  leaE  the  lewllier  sboutdli 
overstrained  in  prcsaing  it  deeper.  Large  pumpa  of  tlita  de»cnpti<'n  wc*' 
worked  in  the  mines  of  Brittany  inceuatttly  during  three  or  four  •--''' 
wkboat  requiring  any  repair.  India-rubber,  and  caiivaa  anlur 
Mated  vinlh  it,  have  been  aucceaafidly  tiaed  in  place  of  leather.  ■'••<^- 
modi  flea  lion  a  of  the  sucker  have  also  been  introduced. 

This  pump  waa  r«-invented  in  England  aome  years  ago,  and  m*d*a*' 
aiderable  noiM!  under  a  new  name.  i^e«  London  Meehan.  MagasiM.  ^ 
Register  of  Arts,  1S2G-20  ;  also  tlie  Journal  of  the  Frarrklin  Intt  '  ' 
1331.  vol.  vii,  193.  [n  17tiG,  Mr.  Oenjamiit  Mantu,  the  ivell  lu>< 
thorof 'Pbilosophia  Bril&nnica'and  otlier  scientific  works,  propoMd  •  fii*''^ 
double  pump  of  thia  kind  for  the  British  irnvy— a  figure  and  dwcriptino 
of  it  may  be  seen  in  Vol.  XX,  of  Til|i>ch'»  Philoftopmcal  Mansiiiv. 

Dr.  Ilobiaon,  in  the  second  volume  of  his   Mechanical  Phijosophv.  i^' 
poaed  what  haa  been  named  an  itnprovemeni  on  the  laat  pump. 
vice  19  however  tittle  el»e  than  the  old  bellows  pomp.     A  figure  I't 
his  description  are  annexed. 

A,  B,  (No.  SI)  represents  a  wcwdea  trunk  or  eylioder  of  metal.  In 
ft  spoilt  at  the  upper  part,  and  the  lower  end  closed  by  a  plato,  iho 
in  which  is  covered  by  a  clack  valre  E,  us  in  No.  S3.     1  o  iIdh 
cufed  the  open  bottom  of  a  long  cylindrical  bag,  the  upper  end 
10  the  round  board  F.  "  This  bag  may  be  made  of  leather  or  • 
wag,  a  foiii  uf  tliin  leather  or  of  dieepskin  lieing  placed  )K>t 
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fbUs.    The  upper  end  oftliebagiibould  bo  firmly  tied  with  a  cord  tnaeroove 

tamed  OQ(  of  the  nm  of  thr  board  ni  r.  Into 
this  boAnl  is  fixed  the  fork  of  the  piston  rod, 
and  the  bag  i«  kept  distended  by  n  number  of 
wooden  hoopn  or  rings  of  wirt?.  fixed  to  it 
ai  n  few  inches  disinnre  from  one  another,  and 
kept  at  the  Mme  diaiAnre  by  ibrec  or  four 
cords  hindiiiR  them  together,  onvl  stretching 
from  the  ton  to  the  huiiom  of  the  bug.  Now 
let  ihifl  irnnk  b«  immerM>d  in  the  wsier  i  it 
14  evident  thnt  if  the  h»£  he  stretched  from 
tho  compressed  form  which  its  nwii  weight 
will  ^ve  it  Viv  drawing  up  the  pij.ton  rod.  its 
L-ajiacity  wilt  be  enlarged,  the  valve  F  will 
b(>  shut  by  its  own  weight,  the  air  in  the  hog 
will  he  rsrefied,  and  the  attnnsphere  will 
preM  the  water  into  the  bog.  Vilien  llie  rod 
ts  tlirual  down  again,  (he  water  wiU  come  nut 
MA.  ei.  a«f  I'uBp.  at  the  valve  F,  and  fill  part  of  the   trunk.    A 

re|i«tition  of  ttie  operation  will  have  a  similar 
«feel;  l)»e  trunk  will  be  filled,  and  the  water  will  at  last  bo  diKharged 
at  the  spouL"     The  operation  i*  precisely  the  same  tts  in  No.  81. 

"Here  is  a  pump  wiihuui  friction  and  perfectly  tight;  for  the  leather 
weert  tlie  folds  uf  csnvRs  renders  the  bag  inTporvious  both  to  air  and 
r.  \W  know  from  ex'perimcnc  that  u  bag  of  si.i  inches  diatiHiler 
nude  (tf  sail  cloth  No.  'At  with  a  ahec|>skin  between,  will  bear  a  column 
of  fit'tecn  feet  of  water,  and  stand  six  hours  work  per  day  for  a  mouth, 
without  failurv;  and  that  the  pump  is  coasid«nbly  superior  in  elTect  to  a 
tomntuii  pump  of  the  same  dimensions.  Wo  must  only  observe  that  the 
Itiugth  of  the  bog  must  be  three  times  the  intended  length  o(  the  xtrokc, 
so  (iiBt  wbvo  the  piston  rod  is  in  il^  higlicst  position,  the  angles  or  ridges 
of  the  bag  mny  be  pretty  acute.  If  [he  bag  be  more  sireuhed  than  t£a, 
the  force  which  most  bu  exerted  by  tlie  laborer  becomes  much  greater 
thsn  the  weight  of  thv  column  of  water  which  be  is  raising." 

But  after  all  that  can  be  said  In  favor  of  bellows  pumps,  they  have  their 
djsadvaniafes.  A  prominent  one  is  thirt:  when  the  leather  or  nthcr  ma* 
tet4a]  of  which  ihey  are  formed  is  worn  out.  a  practical  workman,  who 
i*  not  to  bo  obtained  in  every  pl«ce,  is  required  to  renew  iL  l.'niike  re- 
placing;  the  li-alhrr  un  an  iirtlitmry  'iinekrr',  which  a  farmer  or  a  sailor  on 
tbip-bo'inl  rain  wMily  »icfti.impli*h,  rhe  ojivration  requires  practice  to  per* 
form  it  t'riieiriicly.  and  liir  rxperisi-  Iwith  of  time  and  materials  is  much 
greater  than  that  of  »innlar  repntn  tn  ibe  common  pump.  For  these  and 
other  reajtont,  Vk'IIciws  pump^  hnvtr  never  *erured  a  permanent  place 
amoo^  staple  machines  for  misiii^'  water,  and  the  old  cylindrical  pump 
still  retains  the  preeminence,  nntwithtrtanding  the  almost  innumerable  pro* 
j«cta  that  have  been  brought  forwarr)  to  supersede  it. 

The  precedmK  muchinei  resemble  in  some  degree  the  apparatus  for 
drinking  which  tne  CreaU)r  has  furniihed  to  us  and  to  such  quadrupeds 
■■  di>  not  lap.  Wlien  an  nx  or  a  Kunte  pltrnges  his  month  into  r  stream, 
li#>    !  ■  '    ■  chp«f  and  the  iitnuittphHn)  force*  the  litjuid    up   into   his  Bto- 

fDr"  -  ly  us  up  the  pipe  of  a  pump.     It  is  indeed  in  imkalton  of 

those  iiiuiifal  putups  that  wutur  is  raiM-d  in  nrlificial  ones.  The  thorax  is 
lb«  pump;  titti  luiuculur  energy  »f  t^>e  anunal,  llie  power  that  works  It; 
ibe  ihoiai  is  the  pipe,  the  lower  oriKce  of  which  is  Uie  moulli,  and  which 
lie  must  tioc^asanly  insert  into  the  liquid  he  thus  pumps  tnto  Vvvt  UatttacV\ 
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Knd  whenever  the  depth  of  wkter  is  insufficiflnt  to  cover  the  openine  bo' 
twecn  his  lips,  the  uiimfti  inttinctively  dmws  closer  thosi^  portioiu  of  thru 
above  it.  imd  cootraott  the  orifice  below,  ja»t  as  wc  do  under  ■itailar  cir 
cuRuumoes,  asd  which  we  oonstancly  pmetice  in  aippiag  tea  or  cotTee  fr 
a  cup,  or  any  other  beverage  of  which  we  wish  to  partake  ia  imall  tju. 
litiea.  The  capacious  chfl<ii  of  the  tall  camel,  or  of  tbc  still  taller  cane- 
loopard  or  gfiniflt*.  whose  hpsA  sometimes  moves  twenty  ioK  from  the 
groTinJ,  is  »  large  bellows  pump  whicb  mises  water  through  the  loag 
channel  or  pipe  in  his  neck.  T)i^  elephatit  by  a  aimilar  pneumatic  appa- 
ratus, elevates  lhf>li«]uid  through  that  flexible  'suction  pipe,'  his  proboacis; 
and  those  nimble  engineers,  the  common  house-flies,  raise  it  throo^  their 
minikin  trunks  in  liki>  manner. 

We  may  h^re  remark,  that  among  the  gigantic  animals  which  in  remote 
age«  roAmed  over  this  planet,  and  which  quenched  their  thirst  as  the  ox 
does,  there  could  have  been  none  which  stood  so  high  as  to  have  their 
stomachs  ihiny  feet  above  the  water  they  tfatu  raised  into  them.  And  on 
the  table  lunds  of  Mexico,  and  ^e  still  higher  regions  of  Asia.  Africa,  and 
South  -Amerira,  animaU  of  this  kind,  if  such  there  were,  must  have  bar] 
their  stomnchs  pUrnd  atill  lownr. 

'I'lifi  maiijJii-iles  of  some  inaecTA  are  hollow,  and  are  tiaed  as  tucking 
pumpa.  Tliny  serve  also  anmetitnes  as  sheaths  to  poniards,  with  which 
nature  has  furnbhed  them,  a^  weapons  of  offence  and  defenoe.  Tboae 
of  the  lion-ant  are  pierced,  and  "no  doubt  act  as  suchera."  This  little 
animal  o^riMrucls  a  minute  funnel-shaped  excavation  in  dry  aaod,  aikd  co- 
vering its  body  at  the  bottom  lays  in  wait,  like  an  assassin,  for  iu  prey : 
"no  Hooner  dix^s  an  industrious  ant,  laden  perhaps  with  its  provUioD,  ap- 
proach ihe  edge  of  llie  slope,  than  the  finely  poised  sand  gives  way,  and 
the  entrapped  victim  rolling  to  the  bottom,  u  instantly  seized  and  tucJud 
to  <i  thaJout  by  the  lurking  tyrant,  who,  soon  after  by  a  jerk  of  his  head 
tosses  out  the  dead  body."  Weasels  and  other  animals  suck  the  blood 
of  their  prey.  The  tortoise  drinks  by  suction,  for  winch  j>urp»#e  he 
plunges  his  head  deep  into  the  fluid,  so  as  even  to  cover  his  eyes.  Thenfrj 
are  several  species  or  birds  denominated  'tueloriaV  on  account  of 
obtaining  food  by  nK^ans  of  atmospheric  pressure,  which  they  bring  Ii 
action  by  apparatus  analogous  to  the  pump.  The  grtdlatoret  or 
"suck  up  their  (bod"  out  of  water. 

It  is  imnosdible  to  contemplate  the  structure  and  habits  of  aaimal^ 
without  bemg  surprised  at  the  exfritt  to  which  this  priiwipte  of  raising  li- 
quids has  been  adopa-d  by  the  Almighty  in  the  formatioQ  of  insects,  rep- 
tiles, fishes,  birds,  amphibia  and  Isnd  animals;  and  also  at  its  ailapcation 
to  their  various  forms,  natures,  and  pursuits.  Had  we  the  necessary 
knowledge  of  their  physiology,  we  would  desire  no  greater  pleasure,  no 
oilier  employment  than  to  exainina  and  describe  these  natural  pneamatia 
machines,  and  the  diversiScd  modes  of  iheir  operation. 

For  otiier  natural  pumpti,  sec  remark*  at  the  end  of  Chapter  8,  on  beU 
tows^^rcua^  pumps,  in  the  next  Book.  [ 

The  rettrij  or  vases  flgured  in  this  churter  are  ancient  Those  io 
which  the  tubes  are  inserted  in  illustrations  Nos.  80  and  8t.  are  of  glass; 
the  one  under  the  pump  spout  in  No.  83,  Is  a  bronze  bucket;  all  from 
Pompeii.  The  latter  ia  referred  to  at  page  67.  The  globular  tmioI  ia 
No.  84,  i«  a  figure  of  a  brazen  cauldron,  also  Roman,  from  Misson.  Sob 
page  19  of  this  volume. 
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Tin  klBv^bnir  puBp  Mpyoml  hy  •a^n  p«n«pi  i>  b*  oT  Bnlani  on|tn— lajwue*  ura^  iks  u> 

iiiBli     Tl knMiUdfn  of  tytlrwlTBimtf*— Abu/J'tr   of  ■!■   allnJifd   proof  tt  lb*lr  lCS«**»M  «l 

•  rfwijilii  prtnclpl*  of  hyilrotiMlTB— Caen  man  ryllDdriFal  piiiii|>— lii  ■nriquilf— AutUiDlIf  hno*a  (»• 
iar  Ifc*  MMa  <r  •  «lp*«i — Tha  wtUte  at  th<  UrMkt—l.'xd  i*  >  >bip  piimp  bf  tbt  Koniiv— HUn 
yumf  ISimbh  |inB|M  Woorini  pURi]n  ■■•■yi  lurd  m  ihip* — nrirnptimi  (if  iiiinn  in  llic  I'.  B.  h'aijp 
— llfMIJ  «t  iwltow  Wfipl*/  ••>«<]•  Bf  uuktDf  woodeD  pvinpi.  (rem  l>»mpi«r  -*3H  rliunluf  piMp— 
PaM^  (a  pnUlc  uid  pninu  «(tt>— Ir  nine*— fain ji  fnau  Afrtciils.  with  a(iitnt  uf  tuiMiuj  he»*» 
Il»aWt  paav  forBartr  Mnd  tn  tli*  ninM  nf  0«rnaar,  trao  Pludd**  woriM— Tb*  ooMlaii  puBi*  nai  !■• 
pnxnl  b)  Ike  oMdcra^-lta  Hw  codltaied  chleOr  la  cxMlaeJ  ■ulo. 

SoMK  persons  nrv  unwilling  to  admit  that  the  atmospheric  pump  w«s 
known  to  ihe  ancwnts,  and  yet  chvv  are  onablu  to  prove  its  un^n  in  latar 
Dinea  or  by  more  recent  people.  The  passages  in  ancient  aulbon  in  which 
it  is  suppcMod  to  be  mentioned  or  alluded  to,  are  deemed  incuiiclusive, 
because  the  temn  by  which  it  la  deaignated  were  ahtu  ajiplied  to  othar 
de«T<;e«. 

To  confine  the  knowledge  of  the  ancionta  to  «iich  department*  of  llie 
crta  oa  are  eitlter  vxprcaaly  mentioned  or  referred  lo  in  Greek  and  Kuman 
BUthors,  and  to  thoite,  specimens  of  which  bare  been  pre^ei-veit  to  our 
tiraea,  is  neither  liberal  nnr  jnst  Let  U9  suppose  Europe  aod  the  tlniled 
States,  in  the  course  of  futnre  time,  thrown  back  into  iMirbarism,  and  all 
ia  perished,  save  a  few  fragrnenis  of  the  wurks  uf  our  dramutisls, 
and  historians; — snd  that  after  the  lapse  of  some  1200  or  2500 
^ara  these  should  be  diacovored — and  also  some  relics  of  our  archi- 
tecture, pottery,  and  works  ill  the  metala:  Now  we  Eliuuld  think  the 
writers  of  tfatise  days  illiberal  in  the  extreme,  who  should  coni:lijde  that 
we  werB  ignorant  of  nearly  all  bratKhes  uf  science  and  of  the  arui ;  and 
of  »»ery  machine  which  was  not  partiruiarly  mentioned  or  illustrated  in 
the  (brmer — i>r  of  which  sfjecimens  were  not  foui>d  amung  the  latter. 
And  yet  something  like  this,  has  been  the  treatment  which  ibo  ancients 
have  received  at  our  hands. 

U  i-annot  however  lie  dptiied,  that  remains  of  ihoir  wurtLs  Btill  extant, 
exhibit  a  degrL-e  of  skill  in  architect  lire,  sculpture,  metallurgy,  pottery,  en- 
jrraving.  ice.  which  excels  that  of  mudem  artists.*'  And  as  regards  their 
ItnoM-Iedgu  of  liydrodynamics — let  it  be  remembered,  that  we  are  in- 
debted lu  them  lor  canals,  aqueducts,  fountains,  jets  d'eau,  syringes,  Ibr- 
eing  pumps,  siphons.  vaWes.  air  vessels,  cock^,  piws  of  stone,  earthen- 
ware, wood,  of  lead  and  copper;  yet  notwithstanding  all  these,  and  their 
BUHWlous  machines  fur  raising  and  traTisfcrnng  water,   and  the   immense 

StlDCies  of  lubes  for  conveying  it.   whith   arc   found  scattered   over  all 
a  as  vnjII  as  Italy"*  and  Greece,  it  has  buen  gravelv  assurtod,  that  they 
wera  igtiormnc  of  one  of  the  elemenuiry  find    most  obviou«   prindpleR   of 

■h  WW  rManrbvd  by  th«  late  Mv.  WiMtg«w«ed.  who  was  doabllan  iho  most  sktiftil 
fflSBufactnrvr  ofiHircnUiii  in  OOT  own  IIIIW4.  liial  lh«  fnm0ii«  Borhiriia  Kom  nSordnl 
CTulenci!  of  ui  nn  oT  potierr  ainonf  ihe  itiii>-tiiTiLi  or  nliirfa  wc  arc  n»  /el  i^orant. 
«v«<B  of  the  niiliini'iiu      YJin.  VA«ye.  vqI,  ii.  W.\. 

*The  viwl  qunoiiUe*  /^ h-wleo pipa*  foani  at  I'oinpeii  induced  Aw  1l«a^TAui  %p- 
tvmanat  u  tell  Item  aa  old  ntetai.     p4Mufieii,  vol.  i,  104. 


hydrusuiics :  viK.  tli«t  by  which  water  in  open  tabes  Rndi  hi  ovrn  lenll 
a  Hicl,  of  whifh  it  may  saffly  ^  nssi'rted,  it  wu  iia/MiMtUf  for  diem 
to  have  known — a  fact  willi  wliicli  the  Indians  of  Peru  and  Mexico  w 
funiliar;  and  one  exprcMly  mentioned  by  Pliny:  "  WUM",  [he  ob»erve«) 
always  aacend§  of  iifich'  ttt  the  delivery  to  the  height  of  the  head  from 
whence  it  gave  wfcipt — if  it  be  fetched  ft  long  way,  the  work  [pipe]  will 
rise  and  fall  many  tiinfs,  but  the  level  [of  the  water]  is  still  mAinioincd." 
Bendos  the  lestimony  of  Pliny,  foiintnins  and  jeis  d'eau  are  incontro- 
Yertihle  proofs  that  a  knowledge  of  the  fnct  is  of  stupendous  antiquity  ; 
ihoy  having  been  used  in  the  eut  from  immemorial  ages. 

But  thu  proof  adduced  lo  establish  their  ignorance  lo  this  particular,  i 
as  aiagiilar  as  the  position  it  is  brought  forward  lo  sustain,  since  it  equaUy 
eitabliohes  our  own  ignonuice  of  the  same  principle!  Il  has  bvfn  aaid, 
hod  the  ai)cicnt»  known  thai  water  finds  its  level  at  both  extremities  of  a 
crookud  tube,  they  would  have  roiiveyed  it  through  [Mpes  lo  supply  their 
ctlies.  iiHload  of  erecting  those  expenrivo  aqueducts  which  were  among; 
the  wonders  ot"  the  world,  nnd  remains  of  which  siill  strike  tlie  b^ 
holder  with  Admiration: — in  reply  lo  this  it  need  only  be  obaervuj,  that 
khould  any  rt^inniiii*  of  (he  Croion  aqueduct,  now  oonslnieting  to  supply 
this  city  (New-York)  witJi  water,  he  found  two  thoasand  year*  beac^, 
they  may,  &.v  fif  muu  argv/wfU,  be  ndduoed  as  proofs  thai  the  prcaeat 
engineers  of  the  United  States  were  ignorant  that  water  poured  into  tat 
inverted  siphon  would  slond  ai  the  same  level  in  both  its  branches. 

The  fact  n.  the  ancients  did  sometitnes  convey  water  over  emineoee*  in 
siphons  of  an  eaty  curvature.*  And  aqueducts  were  in  some  few  inatatt* 
CCS  carried  through  valleys  by  intrtrted  aiphotu.  In  the  reign  of  ClandtrnM^ 
an  a4^ucJucl  was  formed  to  convey  wsLer  from  Fourvi^res  to  the  highest 
part  of  the  city  *if  Lyons.  As  vaU«ya  of  grvat  depth  wore  in  the  line  o( 
Its  course,  works  of  an  enormous  expense  would  hare  bevn  re^uifvd, 
whkh  mij^ii  linv«<  [irvvented  the  pxpculion  of  the  project;  consefjuenily, 
instead  of  an  ciovaied  canal,  leaden  pipes  were  imbetitutHd,  forming  an 
inverted  »iphon.'> 

It  is  uncertoin  when  or  by  whom  the  common  atmospheric  pump  was 
invented.  It  is  »Mppo»ed  to  h«ve  liwn  known  to  tlie  old  Kgyptians,  and 
to  havp  hvux  used  m  the  ship  in  which  Dniiaux  and  his  cumpanioos  sailed 
to  Greece.*  As  tl)«  am/iia  of  the  Greeks,  it  could  not  havo  originatBd 
with  Ctpfiibius,  to  whom  il  hs-^  nomrtinies  been  attributed,  since  itorvooM 
other  inarhiiM-'  or  devire  i^  mentioned  under  that  name,  by  Aristophanes 
and  other  writcn*  who  flourished  ag*^  liefore  bim.*  There  are  other  in- 
dications thai  il  wan  previously  known,  for  either  il  or  something  v«ry 
like  it  is  mentioned  under  the  name  of  a  nphirm.  This  term  it  is  koowd 
was  a  generic  one,  being  appli<-d  to  hollow  vessels,  as  funnels,  coJlenderv] 
ptp«w;  and  generally  lo  instrumnnts  tliat  eitlwr  raittnl  or  dispersed  'ww«r. 
as  syringei*,  catheter*,  liFe>«ngini-s,  uphnklmg-pc^tH.  Ac*  That  the  RM' 
chine  to  which  wc  n'fer  ntiiwil  water  by  'auction,'  is  apparent  from  an- 
cient allusions  (o  it.  Acr.ording  to  Rockier,  "the  Platonic  philnsophere 
asserted  tlial  the  soul  should  partake  of  the  ju)s  of  heaven  as  through 
siphon;"  and  by  it  Theophrastus  explained  tlie  ascent  of  marrow 
bones;  and  f^oluntella  the  ri«e  of  aap  in  trees.  In  the»e  inatsncwft,  it 
obvious  thai  neither  the  ordinary  siphon  nor  l)ie  syringe  could  be  intended, 
hot  the   attnospberic    pump;    a   machine    that.   Agricola  described  at  a 
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■P0)tirok«'<  Ymtye.  Anlio.  i,  41.      ■  llydnnlia.   I^n.  Irf35.  p.  254.      'Ss*  Edtn. 
RiK-Tc  All-  ChrMiaI«|7.  Tftl.  vi,  ^tBH.      *  KAtiinMn't  AnUqnitin  of  Grsmo,  cap.4 
Mih'tvT  AShtn-      *  See  .\jjwwMth'a  Utet. 
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umI  oun  to  wbicli  tbo  rotn^Hi  ot  Switxer  onljr  cut  apply—"  the  ai- 
[ihuu  WTKH  undoubtetlly  tW  chief  imtruraent  known  lu  l}ie  lir«t  ag«»  of  the 
Wurld,  (Ifesideit  the  ilraw-well)  for  the  raiting  at  water."* 

Nor  in  tlicre  any  tbiog  in  the  aocautit  given  \>y  Vilruviua  of  'the  M«p 
dune  of  Ct^«ib!us,'  vhicfa  indicates  rJiat  tne  atinoapberic  (lunip  was  not  in 
nrevtfiiu  use.  Hia  deacriptinn  la  oiiviouH)^  tliat  of  a  forcing  pump,  (and 
bpp*-ar9  to  have  been  ao  uudenloud  \iy  kII  hts  tranHlitU>n,f  une  whose 
vofkmg  partA  were  placed  not  aliove  but  in  the  water  it  was  tiniploymi 
to  elevate  ;  whose  piston  was  solid,  and  which  by  loeana  of  [iipeK  forced 
the  water  II A(/ne  tfflf;  that  tai»ed  the  water  "very  high ;"— ^liributcv 
wb>cb  dn  not  belong  to  the  curiuuon  puotp.  U  m  true  he  ha*  not  in«n- 
boued  the  latter,  |>erhap>t  Ix-cauae  it  was  not  then  enipluyud  a*  now  m 
civil  engineering,  and  tiierefore  not  within  the  Hcope  of  hiM  design  in  wri- 
ting  hi*  worlu  The  manner  in  which  Pliny  apeuks  of  il,  shows  that  it 
Waa  an  old  device  in  hi*  lime,  since  it  wa«  one  with  which  evE<n  coiintry* 
people  or  I'amiers,  (tlie  last  to  adopt  new  and  foreign  inveuliuita)  wem  fai- 
miliar.  In  bis  l^ih  Book,  *0n  Gardens,'  cap.  4,  be  observes:  wbvii  a 
■treain  of  water  is  not  at  hand,  the  plants  should  be  wuered  ffom  Ukokii 
or  wells,  the  water  of  wbivh  may  be  drawn  up  by  plain  poles,  bouka  and 
buckets,  by  swapee  or  cranei,  (windlass]  "or  by  jmnpi  aud  auch  likv." 
And  tliat  tnese  were  nn  other  tnan  the  old  wooden  pump  of  our  Mretila 
nd  such  18  oar  farmers  use,  ia  obvioua  from  a  paasage  in  his  Ilith  Book* 
ap,  4i,  where  speaking  of  tlie  (qualities  and  uses  of  different  kinds  of 
'  he  remarks,  "pnei,  pitch  trees  and  ollars,  are  veiy  good  to  maku 
9  and  conduit  pipea  to  convey  water;  and  for  these  purposes  tfaoir 
I  IS  bored  hollow." 
AJOtouKh  Rullicteiit  time  may  be  supposed  to  have  elapsed  from  Um  am 
Ctc«ibiU9  to  tfan  of  I'tiny  for  tne  introduction  ol  liie  aunoapbeno 
nap  to  (be  ooantni'niea  of  the  latter,  (supposing  it  to  have  been  invenisd 
ly  the  former)  we  can  hardly  believe,  if  it  were  not  of  more  remote 
rigin,  that  it  could  even  in  that  time  have  found  its  way  into  Rotn&a 
'arm-yards  and  gardens;  much  less  tiiai  it  should  have  9upeneded,  (aa  il 
appears  to  have  done)  every  other  device  on  board  of  iheir  shipfi.  New 
uiu  foreign  inventioua  were  neither  circulated  so  easily  nnr  adopted  so 
readily  in  ancient  as  in  modern  days;  and  even  now  a  long  time  would 
elapae  before  inventjone  of  this  kind  would  find  their  way  through  the 
trorld  and  longer  liefore  thev  became  geiterally  adopted.  iJui  had  the 
nuapa  of  which  Piiny  Rpeoks  been  of  recent  iiuroduotion.  he  would  cer- 
lainiy  have  said  so;  and  had  they  been  the  'water  forcers'  of  CleaihiiiH, 
Lo  which  he  olludi'ji  in  bin  7tb  Book,  he  could  scarcely  have  avoided  re- 
tiording  the  (acL 

Thut  the  antHa  was  the  atroospheric  pump  would  also  appear  frntn  iu 
mploymf-nt  in  ships.  There  is  no  reason  to  .•lupposc  tliat  more  llian  tMree 
nf  Ruinne  pumps  were  ever  in  use — the  chain  pump,  the  screw,  and 
imman  pump.  In  the  chajner  on  the  former  we  have  shown  thai  it 
not  known  or  used  by  ibe  Ureeka  and  Homana.  The  screw  was  first 
idopted  as  a  ship  pump  by  Archimedes,  (we  page  133)  and  hence  it 
K-ould  seera  thai  the  last  only  could  be  inumded  by  more  ancient  as  well 
u  atlbseqaent  authors  when  speaking  of  the  antlia:  that  it  was  so,  anti- 
qatrians  ^nerally  odmiL  "Tne  well,  (says  Fosbrcrke  in  his  article  on  the 
reswli  of  the  ehiasical  aneients)  waa  emptied  by  the  winding  screw  of 
iVrcliinicdefi  now  m  use  ;  but  in  other  ahips  by  the  antlia  or  pump."  It  ia 
if  the  latter  thai  Pollux  speaks,  and  tn  it  Tacitus  refers  when  mentioning 
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thi:  wreck  of  'oroe  vesseU  in  whicb  Qemiuuciu  and    bu  It^^kmb 
down  tli«>  AmiitJa  mtn  tli«  GcrmiD  ocean:  "thv  billnwa  tirokc  ovtir 
witli  sucti  viuleme,  tiiat  all  the  puin|M  at  work  cnuld   ool  dudutrgs 
water."     [B.  ii,  23.     Murpliy'a  Trauaktion.] 

Mnrtial.  tlip  Roman  jKiur,  Mpeaic*  nf  tlm  aitdia  ai  u  macliino  'todrawcf 
water;'  according  to  Aiii«worili,  'a  ptimp."  Kircltt^r  Agurtrs  and  doscnlw 
tht>  old  w(Mi()i-ri  pump  hm  Uio  atillia-     [Muuilua  SubtemuMHjs,  loot,  u,  194.} 

The  UuTiiatiK  •{iiiHar  lo  hav«  eniploved  it  oxLliwivrly  or  nearly-  »o  u 
tli«ir  navy;   aiid  even  in  tliat  of  the   Greelu  it  u  net   pralial<lr  tliBi  iht 
tiontw  was  uxlnrutiv<rl_v  adopbed,  od  acctMini  of  ila  not  Iwini^  ao  Wf  II  ad«|>- 
l«d  fur  tJiip*  as  llie  ntiier.     Of  this  the  fiirtucr  poopl*;  hkviu  U>    havr  hrra 
oonviflC(^d  ;  they  preferrwl  (he  pump  and  all  modrni   iiaUun«   bavr-  .-or.- 
finuKtl    tlieir  judgineuL     Had    tboy    aaed  tlie   Ncrvw    to    any    r^ 
wouid  imvf  Iie^n  conlinued  to  Kunipeau  vtuMels  alWr  the  fall  of  i*' 
pire,  when  loost  of  llieir  iirt»  aitd  ciutums  w«r«>  iialtirally  umI   nwov*taif*s 
continued— tbt:ir  abip  pumps  a«  woH  aa  their  vhi^is.     But  a»   the  auiK» 
pberic  pump  only  bai  to  come  doM'u,  we  infer  ihat  tbu  njtehiov  now  com- 
nionly  used  to  discharge  water  from  tlte  bold*  of  our  vomoli  is  idmuic*^ 
nr  nearly  »o,  witli  that  employed  by  Roman  tailors  c^  old. 

Tbe  oldest  modiiicaliou  of  the  ship  pump  appcan  lo  have  been  tbl 
Jormerly  known  aa  the  'bilge'  or  '  burr'  pump;  and  it  was  tlie  *i(p]J<<i<, 
for  it  had  but  one  disUnct  vulve,  vin.  'the  lower  box,*  u  \hit  on 
rei^RS  the  water  in  a  pump  is  sometimes  named.  ThU  pump 
place  in  ships  till  ihe  last  century,  and  may  yet  occasionally  be  met 
in  those  of  Burope.  It  waa  often  worked  without  a  lever,  but  ita 
liariiy  consisted  principally  in  the  construction  of  the  piviou  or  Mu* 
It  differed  from  tbe  ordinary  pump  "in  that  it  batli  a  »ialf,  sis,  wProi 
eiahi  fool  long,  with  a  bur  of  wood  whereunio  the  leather  is  naiW. 
tins  serves  instead  of  a  box ;  so  tM'o  men  standing  over  tke  pump, 
down  this  staif,  to  the  middle  whereof  is  featened  a  rope  for  iix, 
ten  lo  bale  by,  and  so  tliey  pull  it  up  and  down,"  Tbisaecouiit  pui'l 
nearly  200  years  ago,  might  be  suniciently  descriptive  then,  when 
pump  was  in  common  use,  but  few  persons  could  now  realize  inm  I 
correct  idea  of  the  substitute  for  tiie  ordinary  sucker.  It  ia  however 
ther  more  explanattiry  than  the  accounts  given  in  later  worka.  In  son 
has  been  described  as  "a  long  slalf  wiib  a  burr  at  the  end  to  puRtpunl 
bilge  water."  Here  thu  burr  only  is  mentioned,  not  the  leather,  onu  I 
idea  impnned  is  that  »f  a  solid  pisuin,  such  as  are  used  m  forcing  puo 

The  sucker  of  the  bilge  pump  consi&ta  of  a  hollow  cone  or  tninffiuedciii^ 
of  strong  leather,  diB  Iwse  liemg  equal  in  diameter  in  that  of  th«  pan^ 
chamber  or  cylinder.  It  is  inverted  and  nailed  to  the  lower  end  of  tbt 
md.  Tbe  tower  edge  of  the  leather  resting  against  tiie  burr.  Wboi 
thrust  down  it  collapttes  and  permits  lliu  water  to  paaa  between  it  and  tU 
sides  i>r  the  <-.ham^>p.r,  and  when  its  raulinn  in  revaraed,  the  weight  of 
liquiil  i.tilumn  above  it,  pre&ses  it  out  again.  To  prevent  tha  cnnu  I 
sagging,  three  strip^i  of  leather  are  sewed  to  its  upper  part  at  eaual 
tances  Irom  each  atJier,  and  itieir  oihur  ends  nailed  to  the  roo.  (Sru 
No.  85.)  The  action  of  this  sucker  is  something  like  moving  a  pi 
up  and  down  in  water;  the  sides  close  a^  the  rud  deacenila  ami 
when  it  risea.  It  is  the  <iimplest  nHidification  of  the  sucker  kiKiwn 
probably  the  mnsi  ancient.  It  is  figured  by  Agricola,  (iruir  C  in  No.  8S)  | 

■"ni*  pwl  of  an  atmiMpliario  uomp  tt  •aiitMinas  muunl  iba  auckBr,  ib«  buekvL  «r 
nppcrbnx,  ih<*  pMloQ}— waoUt  fsUDnOh  iiw  ilw  Inl  ntiiK  *ii«akir«  of  iba  uav 
wpMfk  pump .  and  tksiutwhMllfenuigiofaTclacpnipi. 
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t«  not  nurntmeil  by  Belidor.  Switsser,  DwagnilicT*  or  Hacbcue;  norhu  it 
been  nodood  b^  more  recent  writers,  with  tbe  excepiido  of  Mr.  MUUng. 
ion*  vtd  pwrhaps  one  or  two  others.  It  hu  long  been  known  id  some 
part*  of  ifar  United  States.  We  nnriccd  it  twenty  yean  aeo  u  Mew 
Rochelle,  Wo»uhester  county,  in  this  iVixe,  (Xew-York)  •nd  wert  in- 
fbraed  by  a  pump  maker  tln!ro,  that  they  "alway*  h*J  it."  It  is  not 
howev«r  uoivonaUy  known,  for  in  18.11  a  patent  was  taken  out  for  it.* 

There  is  unotlier  appHcadon  of  the 
burr  piimp  in  shipt  tJiat  is  probably 
due  to  oiri  navigators.  We  ftlludr  to 
the  iiM^  of  thoiie  nnruhlfl  instrument* 
whicli,  fliys  An  olci  author,  "are  made 
of  reed,  eano,  or  1alen,  [bras*]  that  mb- 
rrt'Cn  put  down  inio  their  cajks  to  pump 
lip  the  drink,  for  they  use  no  tpick- 
eta."  No.  85  mprefwnu  one,  Mith  & 
Siopanue  view  of  the  Backer,  from  an 
illiistrated  edition  of  Virgii.  of  the  i6th 
century.  They  appear  to  be  of  con- 
iiidemhle  ami<fuity  and  were  perhaps 
used  for  th«  same  purpose  by  the  an- 
ri.>nt  sailors  of  Tyre  and  Carthage, 
Greece  and  Rome.  No.  66  ia  a  fietire 
of  the  common  liquor  pump,  derived 
from  the  former.  It  is  from  L'Art  du 
DittiUatrur,  in  *  Dettriptioa*  det  ArU  a 
Mfifrn,'  Uio,  Paris,  1761.  The  ae- 
piimt<^  M-rlioii  nf  the  lower  part  rIkiwb 
thv  '  Ixixe*'  to  have  haen  similar  to 
those  now  of)«!n  used.  Another  sucker 
is  figured  with  a  suheHcal  valve;  a  boy'n  mnrhhf,  nr  a  »mall  ball  of  metal 
being  placed  looaely  over  the  oriRcc,  iriHttriuJ  nf  n  clack.  It  wiut  at  that 
bme  made  both  of  tin  plnte  and  of  copper  ax  mt  present.  One  of  lltose 
pnmps  is  mentioned  by  Conrad  Gesnvr,  mt  ootisciluling  part  of  a  porLshte 
Italian  distillery,  in  the  formwr  part  of  the  16th  CK-nlury,  at  which  period 
h  seems  to  have  been  common.     Se«*  a  rtffereiici?  to  it,  patTC  SIS. 

Ship  pUDips  seem  to  have  ht-rn  made  of  h^jred  wooden  logs  since  tiui 
days  of  the  elder  Pliny,  and  pmbnbly  were  so  by  bol}]  Greeks  and  Ro- 
tnans  lofiff' before  his  lime.  We  Icarti  thai  tlicy  were  made  hy  tMp- 
vsrighta,  u  e,  by  a  certain  clasa  of  them.*  At  thp  prcst-nt  day,  every 
person  knows  that  wooden  pumps  are  nfloner  to  be  found  in  snips  than 
any  other:  this  has  always  been  the  case.  It  is  to  them  only  that  refe- 
rence.* is  made  in  the  rvlaiions  of  earlv  voyages.  The  vessels  of  Colam- 
bus,*  Vasco  do  Gama  and  Magalhajies.  were  furnished  witli  them;  indeed 
no  other  kind  appears  to  have  been  used  by  old  European  navigatora. 
From  the  importance  nf  oBicient  machtne;  to  raise  water  from  ships,  it 
may  reasonably  be  supposed  that  if  any  nation  had  pnssosaion  of  a  nape- 
rior  one,  tt  would  sunn  have  been  adopted  by  the  rest;  but  there  ia  ikm 
the  slightest  intimation  of  any  difference  between  them.  The  pomp  in 
Spanish.  Portuguese,  English  and  French  vessels,  is  spoken  of  as  com- 
moo;  as  much  sn  a^  the  anchor  or  rudder:  t3ius — when  the  Vitoriaaaa 


Nu.e^    tlallcn' 
P«n*Me  riuai>. 
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«n>e.  vu)  it.  XtS  ■  tJuitiH'r't  ArtA  of  uw  Greeks  and  Ramuu.MoV  v,?^.  *Vt- 
n^g'a  Coiaaibai,  vol.  ii,  ti/7. 
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of  M&nlhuiei'  Heet,  put  iaia  St.  Jago  on  her  niuirn  in  1522,  a  brat  wu 
•eat  unarc  for  provUions.  a»d  "«onie  negroes  to  usuc  in  i^orkmg  Uit 
jfumpt,  tatuiy  ipf  ihe  «faip's  oompany  being  Bick,  umI  ibc  k-aks  having  in- 
Tewed."*  In  tht-  account  ofFrobisbers  third  vo^-tge  in  Ksrcb  of  a 
nortb-wetit  passage  in  1578,  the  Ajok  Prancu  huviiig  run  an  a  aunlu-n 
rock,  "they  had  above  two  tbou«ai>iJ  nroke*  tugetlier  at  the  jmmpr  be- 
fore tbey  could  make  tlieir  sliippe  free  of  ihe  watvr.  *o  sore  the  was 
brused."^  Ill  the  voyage  of  ■ome  English  ve«8clii  to  the  north  the  fol- 
lowing year,  one  was  nearly  loai;  "by  miscbance  (he  fhippe  was  bilged 
on   tlio   tiTi-apnetl   of  ihe  Pavos,   [onolbor  vessel]   whereby   the   company 

towiienj  had  ausiaiitcd  great  losses,  if  ihe  chiefext  part  of  their  goodi 
ad  not  been  laydc  into  tho  Pbtos;  for  notwiihnaiiuing  iheir  pmmpmg 
with  Href  pumjKt,  heaving  out  water  with  buckeis  and  all  Ui«  b<rst  shim 
ihey  coald  make,  the  shippe  was  halfe  full  of  water  ere  the  leake  eouU 
bo  found  and  8lopL"*  In  November  1599,  two  Urge  Portuguese  ships 
arrived  at  Terceira  in  distress,  having  bfen  separaietT in  a  Morni,  durtag 
which  they  "were  forced  to  use  all  their  pHm/vj"  lo  keep  afloat.'  Ta- 
vernier  sailed  in  1662,  from  the  I'vrsiaii  Gulf  to  Maslipatan  in  a  largv 
ship  Iwlonging  to  lh«  king  nf  (Jalconda; — a  storm  arose  and  became  K> 
violent  ihat  ihe  water  "rowt'd  in  from  stem  w  stem,  and  the  mbchiaf 
was  thai  ovr  pHmpit  wen-  nought."  Fortunately  several  hales  of  leather 
were  on  board,  of  which  ihey  made  bags  or  buckets,  "which  being  let 
down  from  ihe  masts  with  pulleys  through  certain  great  holes  which  were 
jeot  in  the  deck,  drrw  up  a  vast  (juantily  of  wsUt."* 

Wooden  pumps,  wtth  and  without  mulallic  cylinders  and  boxes,  are  still 
common  in  European  and  American  ships  of  war.  The  latter  with  few 
exoepltonc  have  no  other.  A  description  of  those  on  bnard  the  North  Oa- 
rnlina.  a  ship  of  the  line,  may  possibly  interest  noric  rcailera.  This  vi 
■el  hu  six.  They  are  large  trees  bored  out  and  lined  with  lead.  T 
reach  frnm  the  surface  of  the  main  guii  deck  to  the  well,  a  distanoe 
twenty-three  feet.  A  brass  cylinder,  3  feet  9  inches  long  and  ^  inc 
bore,  in  which  tho  piston  works,  ia  let  into  the  upper  part  of  earJi; 
The  piston  rods  (of  iron)  pass  tbn>ugh  the  centre  of  a  guide  piece,  se- 
cured over  every  pump,  and  are  thus  kept  from  duvialuig  from  a  perpeu 
dioular  [(osttion.  They  arc  connected  to  tlie  levers  by  slings  as  in  the 
common  brass  lifting  pump  and  some  otliers.  The  levers  are  double,  and 
shaped  like  tboiu  of  nre-ei)giiH>s,  staves  of  wood  being  slipped  through 
ifae  rings  whenever  llie  pumps  arc  worked.  £acL  lever  works  twopumpat 
and  the  length  of  stroke,  or  the  distance  through  which  the  pistons  move 
in  the  cylinders,  is  14  niches.  The  pistons  or  upper  boxes  are  of  brass 
with  butivrflv  valves;  the  band  of  leather  round  eacli  is  seourtKl  by 
screws,  (in  place  of  nwls  in  the  wooden  box.) 

'Necessity  is  tlie  mother  of  invention:'  the  troth  of  this  proverb  la  oftan 
UlusuaMd  by  aeaioen,  especially  as  regards  the  raising  of  water.  Na< 
DHltQas  are  the  instances  in  which  they  have  relieved  themselves  IVoiD 
sitoaiions  so  alarming  as  to  paralyxe  the  inventive  faculties  of  moH 
othor  men;  either  by  devices  to  work  the  ordinary  pumps  when 
tbeir  strength  was  exhausted,  or  in  producing  substitutes  for  them  when 
worn  out.  A  smgutar  example  of  the  latter  is  mentioned  by  Dampwr, 
which  may  be  of  service  tn  sailors.  It  is  attributed  to  a  people  who  an 
not  renwrkable  for  their  contributions  to  the  useful  arts,  aiu  on  diat  aooooni 
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it  wouU  btrdlv  be  just  lo  omit  it.  In  the  eourae  of  Dampler*!  voyage 
roaaiJ  thfl  world,  wTiilu  coilinu  (in  1687}  alou^  ibo  wost  tior  of  MiiiJa- 
D.  one  of  liie  Piiilippme  Imnd^,  hu  concluJud  to  send  ibe  carp«iiiera 
■tbore  to  cut  down  tome  irevs  for  a  bownpm  uiid  tuptnasC  "And  our 
pumps  being  fiiiiUy  aiid  nm  serviceablu,  ikny  did  cut  a  tree  to  make  a 

fiump.     Tbey  first  squared  ii,  then  sawed  it  in  the  middle,  nnd  then  hol- 
Dwed  each  aide  eKacUy.     The  two  hollow  sides  were  made  big  enough 
to  contain  a  pump-box  in  the  midst  of  them  both,  when  they  were  joined 
together;  and  it  retjuired  their  utmost  skill  to  close  ihem   exactly   lo   the 
naking  a  tight  o^vhnder  lor  the   ^ump  Iiok,   being  unaccustomed   to  aucb 
work.      We  teamed  this  way  of  pump-making  from  the  Spaniania,  who 
make  their  pumps  tfant  they  use  tn  their  ships  in  the  South  &eaa  al'cer   this 
cnanner:  and  I  am  conlidcnt  that  there  aj«  no  better   hand-pumps  in   the 
world  than  ihey  have."     (I>amplcr'8  Voyages,  vol.  i,   1-13.)     In  the  ab- 
Mwe   of  toots  to  bore  togs  tlie  device  is  an  excellent  one,  snd  in  some 
ptrticularv  such  a  pump  would  be  superior  to  the  common  one.     It   is 
not  so  rvaddy  made  m»  ime  of  planks,  but  it  is  more  dunhle. 

Various  iriffcnious  tmidt^K  of  working  their  ptimps  hav«>  been  devised 
bj  svamen  and  olhers ;  the  power  of  Uio  m<.<n  has  been  applied  us  in  the 
act  of  rowifig^chis  pUn  by  far  the  moot  trtfictent  is  adopted  in  die  French 
n«y.  A  rope  crutsed  over  a  pulley  and  continued  in  opposito  directiona 
Ml  >  iliip'fi  deck,  so  that  atiy  numlwr  of  mt)n  nmy  be  employed  at  tb« 
mne  lime,  hait  been  extensively  used  in  purupN  witli  double  suckors,  as 
ihowD  at  No.  92.  Ropes  pasMtd  thmugh  bluckit  and  cuntiected  to  the 
bnke  of  tlie  common  pump  have  aUr>  bt^mi  wurk^id  in  a  similar  way. 
Csptain  Leslie,  in  a  voyage  from  StockhuLni  to  this  t-ountry,  adopted  the 
bBowing  plan,  which  in  a  heavy  gal*?,  may  be  very  efHcient :  '  He  fixed 
■  Ipar  siofl,  oue  end  of  whicli  was  ten  or  twelve  fet-l  above  tlie  (op  of  his 

DA,  and  the  other  prujected  over  i)w  stern:  to  earh  end  be  lixed  a 
or  pulley.  lie  then  fuvtuiicd  a  ropu  tu  the  puinp  rods,  and  afler 
panog  ji  tlirough  both  pulIeyM  along  tfit-  spur,  dropped  it  into  the  sea 
M«m.  To  the  mpe  lie  fastened  u  cask  of  1  LO  golluna  nit'iiaurvment  and 
euntainiiig  aliout  4j6  gallons  of  water.  This  cask  answered  us  a  balunoo 
inigtit,  and  every  motion  of  the  ship  from  the  roll  of  the  sea  made  llio 
■tetiinery  work.  When  the  slorii  descended,  or  when  a  sea  or  any  agi- 
tation fi^  the  M'ater  raised  the  cask,  ilie  purap  rods  descended  ;  and  the 
tontrarjr  motion  of  the  ship  raised  the  rods,  when  the  water  flowed  ouL 
Tie  ship  WM9  cleared  out  in  four  hours,  and  the  exhausted  crew  were 
of  course    greatly  relieved.' 

A  ship  pump  made  of  such  boards  or  plank,  as  are  commonly  found  od 
iward  of  largr  res^elji.  was  devised  by  Mr.  Perkins,  for  which  he  received 
a  gold  medal  from  ilia  London  .Society  of  Arts.  It  is  lieured  and  described 
in  the  3Slh  vulnme  of  clw  Society's  Transactions. 

Thv  facility  with  which  wooden  pumps  are  made  and  repaired,  the 
cheapneas  of  tht-ir  nialerial,  the  litde  amount  of  friclinn  from  pislon* 
Working  in  them,  ami  ihfir  general  durability,  have  alwayii  rendered  them 
morr  popular  than  other*.  Lik^^  many  of  onr  ordinary  machines,  they 
seem  tn  havf  l>e«>n  iiiti-nlly  borne  down  tliP  stream  of  past  ages  to  the 
Ifith  and  16th  centuries,  when,  hy  means  of  the  printing  press,  they  firsi 
ctRi^rge  into  notice  in  modern  limes.  The  earliesl  rrpr>-sent,ation  of  one 
we  have  met  \rith  in  print  is  in  thtf  (.>emian  d'an^lation  of  Vugetius,  on  the 
MOke  page  mth  No.  82,  tlie  Iwlliiu-*  pump:  No.  87, on  next  [>i«ge,  is  a  copy. 
Il  is  square,  made  of  plank  and  npjMirt-nlly  designnd  to  drain  a  pond  or 
tnarsh.  The  piston  or  aucker.  which  is  Heparalely  nsprwseiAeA,  \a  cj^xsv- 
iric*/  Bad  wMt  pifrhap^  inteatied  to  show  k  variadott  iti  lift*  conalnc^xoxv 
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of  thu  innrumenL     It  bas  do  viln  or 

^k^     ^t^         dack,  bui  appears  to  he  a  moJificUiaB  of 

a  l§^         ^^^  '"*^  "*^  '"  ^'^  "'''  bilge  pump,  whjti 

a        f~^  ^'^    soiuetimes   compsreo   lO  a  'guaBcr*! 

g        /      ^B  epnnge.' 

a       I      K  I'hcre  are  numeroos  proofs  in  oU  u- 

jW       /     ^V  thors,  that  pumps  were  common  in  leitii  ia 

If       I     ^V  the  15th  century,  siact;  the^  are   meniioMd 

If      I     ^V  i»  the  earl;y  pare  of  tbt.>  following  om,  ■ 

U      I     K  tfaioffs  in   oriiinary.     lu  1546,  tCer  iwv 

n       I     ^m  luecT  to  fiome  extent  in  those  of  Lonlai. 

^d      I     ^H  In  thu  *  Practice  of  the  New  and  old  Pli- 

JH      /     ^H  eicke,*  by  Conrad  Uesner,  (who  ditd  k 

Km     I     ^V^ft  t£65)  bunslated  by  Cieorge  Buker,  'one  of 

Km     j      U  ^1  the  Queent*'«  imuDstiet  chiefe  chirur^nna  it 

/      ^y    ^[  ordinary,*  and  dt^dicated  to  Bliiabeth,  ( Ln. 

^■■■■^^■^■^^  black  letter,   1C>99,)        a  deRcripiion   of  a 

^^^^H^I^^^Vr  Florentine  diatilltng  apparatus,  to  which  i 

\o.d7.   A.D.  1511.  portnbit!  pump  was  aliachtK] :  the  Utier  n 

de»crib(;u  as  "an  insLruni«nt  which  is  n 
furmed  that  the  water  l>y  «tickin^  is  forced  to  ri»e  up  and  run  furlh,  as  the 
like  priiCLice  in  often  tuerl  ra  jnti  oftrater  or  wxlUs."  Folio  215.  The  oelr- 
brated  matliematician,  necrcimnncer,  and  alchymivi.  Dr.  John  Dee,  who 
was  frequently  co]i«u)t«d  by  ijui'vi]  Elixabeth,  had  a  pump  in  the  well  be- 
longing to  his  hoii»e.  In  Bt^nitdd'*  commentary  on  the  44th  pn^povitton  of 
Besson,  (t)w  chain  of  pots)  he  obierves  that  it  "ap«!n>  Mtrm  intermisitoo  en 
urant  I'ean  de  tout  puils  (acilt^mwnt  tatu  pompea."*  Surpi,  who  lirst  dis- 
oorervd  the  fulvua  of  tho  veins,  compared  tbein  to  Uioiiv  of 
'opeaiiig  w  lei  the  bluud  pass,  but  shutting  lo  prvvent  its  ruiurn.' 

But  puriips  bad  not  whuEly,  in  iht.-  ]6lh  ocutury,  superseded  the  oU 
mode  of  rnising  water  with  buckuu  in  Kuropeari  cities.  At  that  tunc  • 
great  portion  of  the  wells  wcn.<  upen — uf  this,  nuiuberlest  intimstksii 
might  be  ibund-  Thus  in  Italy,  thu  poet  Aurelli,  who  waa  madu  gorer- 
nor  of  a  city  by  I.eo  JC.  was  murdered  by  the  iidtabitants  oo  account  of  hii 
tyranny,  and  his  body  with  thai  of  bit  mule  thrown  into  a  well,  [n  Lod- 
uon,  it  <A  u  not  till  the  latter  part  of  t}ie  following  century  that  the  cham 
and  pulley  disappeared.  This  is  evident  from  the  following  enactmeni  of 
t)>e  cotnmnn  council  of  that  city  the  yvnx  after  the  great  fire.  ( IGti?)  "  And 
for  the  od'ectual  supplying  the  engines  and  squiru  with  water,  pumps  ar* 
10  ba  placed  in  all  welts:  '^— a  proof  that  many  were  open  and  tlio  watar 
raised  in  buckets. 

Pumps  are  also  described  in  old  works  on  husbandry,  gardening,  ftc 
from  which  it  appears  that  they  were  ofien  used  in  raise  water  for  irriga- 
Don.  In  the  'oystema  Agrtculturae,  beini{  the  mystery  of  Husbvnary 
disooTcred  and  laid  open,'  Lon.  1675,  directions  are  given  respecting  »*• 
rioua  modea  of  making  and  working  them;  and  it  ts  pamcnlarly  di- 
reeled  that  the  rods  be  made  of  aiiah  a  length  as  to  permit  tlie  sucker*  or 
'upper  boxes'  to  descend  at  every  stroke  below  the  surface  of  the  water 
in  tne  well ;  this  it  is  observed,  'saves  much  trouble.'  The  same  remark 
accompanies  an  account  of  windmills  for  watering  land  (pumps  drit 
by  them]  in  the  old  'Dictionarum  Rusticum.' 

in  the  mines  of  Hungary  pump*  were  e«r1y  intmdaced.  bat  at 
period  is  uncertain.     It  is  not  improbable  that   those  described   by  Agn- 

•Tl^trv  dM  In«irUBiB».  IfiTV-       » UuAantf •  Histwi  (A  VwwbMk,«.Vl. 
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were  aitnUar  to  suoli  us  m  un>  used  in  sumu  uf  Ui«  somo  muiM  by  the 
aiicLcuta.  and  liave  alwa^'g  Conaitd  part  of 
Uiu  muciiiiitfry  tW  tJiKhiU-giiig  watur  from 
Uium  iiiico  Uiu  tiill  of  tiie  Runuu  vtupire. 
Ail  thuL  lire  figured  iii  iltt*  De  Rv  MeuJUca, 
we  tfxtreuuiljr  cttnplt;,  uid  with  one  cxcep- 
lion  am  utmuspheric  or  Kuckiiig  pumps. 
Tbey  are  all  of  borud  iugn.  Sotoe  are  hd- 
glu  puiups,  and  are  worked  liy  men  widi 
levors,  cranks,  and  abo  by  a  ktnd  of  pendu- 
lum. Otlters  are  double,  triple.  &<:.,  and 
wurked  by  water  wbeeLi.  Oi  ibe  liut  some 
are  arranged  in  rows,  and  the  piston  rods 
raised  by  cams  as  in  a  sianiping  ujUI  ;  the 
weight  of  tke  rods  carrying  them  down. 
Others  are  placed  in  tiers  ooe  above  ano- 
ther; the  lowest  one  raises  tbs  water  frain 
the  bottom  of  the  shaft  or  well,  and  dii- 
chargfts  it  into  a  reservoir  at  its  upper  end: 
inti)  ibis  resert'oir  die  next  pump  is  placed, 
which  raises  it  into  a  higher  one,  and  so  on 
lo  the  top.  A  pump  uftbis  kind  from  Ag- 
ficola,  has  been  often  republished.  It  wa* 
oopie<l  by  Uocklor  and  others.  A  l!|{ure  of 
it  ia  intwried  in  Gregory's  Mechanics,  Ja- 
mieson's  Dictionary,  A:c. 

We  havi!  selected  No.  S8,  as  a  specimeiL 
of  a  single  pump,  and  of  upper  and  lower 
ses.  A,  A,  repriMtint  two  of  ibe  laaer ;  ttie  upper  part  ofone  is  unered  to 
tt  inio  iht.'  lower  end  of  the  pump  loeas  ia  yet  aometiinea  done,  D,  B,  &ti 
psr  bns,  of  a  kind  occasionally  uaed  at  the  present  time.   The  valve  or 

clack  iaadisk  laid  loosely  over 
ihiF  apertures,  and  ia  kepi  in  its 
placd  by  the  rod,  whirh  passes 
through  ita  centre  and  admits  it 
to  rise  and  liill.  C,  ifao  conical 
sucker  rvfcrrcd  tn,  p.  314. 

The  annexed  figure  of  a 
double  pump  Is  from  Fludd'a 
works.  It  appears  to  have 
boon  ■kctched  by  him  while  in 
Germany,  from  one  in  actual 
tue.  ft  is  represented  u 
worked  by  n  water  wheel, 
that,  by  means  of  co^  wheels 
transmitted  motion  to  the  hori- 
xontalshnA;  fhocamsnn  wbich 
alternately  depressed  one  end 
of  ihe  lovers  to  which  the  pump 
rods  were  artnchud,  and  thus 
mised  the  taricr.  They  de- 
tcendcd  by  their  own  weight, 
as  will  appear  from  aa  inspoc- 
The  separaii'  view  of  n  rod  is  intended  to  show  the 
_  ranks  on  ibe  Aonzonud  shaft,   in  pW«  o(  canu  a.n^  W 
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vers.  The  lower  eniU  of  tiiu  pumps  «re  uiSGrUNl  ia  biukeu  which  utu 
ftCruiiiers.*  A  double  at^nvs  n(  pumps,  ^ono  ovlt  ihc  other)  u  employutl 
ill  K  inuu*  at  Marlurcb  iii  GtrriBaiiy.  is  alio  figun»l  b,v  FludJ.  It  u  ioU- 
reitiog  on  uccounl  of  iKc  mode  uf  comiDunicaUng  tuutiuD  to  the  rodi.  K 
ennk  on  the  axlo  of  a  wuiur  whucl  tinputs  inuiioii  to  a  walking  httiii,  t* 
in  a  M«Am  enztua;  (in  thu  latic?r  the  ouunuiuri  is  ravened)  aod  the  pwip 
rods  arc  attarliicd  to  both  ends  of  the  beiuri.* 

The  idua  may  probably  occur  la  thu  general  reader,  thai  ilia 
eal  laJent  and  cnicrpriac  of  the  proccuing  and  pruacm  ceoturv,  w| 
have  produced  so  many  original  maehinus  and  scarcely  left  an  ace 
device  unimproved,  most  have  imparted  to  thu  old  aimoqihonc  pamp  mw- 
fbaturrs.  and  made  it  capable  of  increased  results.  It  is  true  thai  Inw  de- 
vices liave  occupied  a  preater  share  of  attention,  and  on  none  hare  oiopb  rf- 
fbru  lo  improve  them  been  bestowed;  but  how  tar  these  have  been  n^ 
eeul'ul  may  bo  inferred  from  the  (aci — that  notwithstanding  the  voAm 
variety  of  forms  into  which  its  working  parts  have  lHN,*n  chan^  -  - 
the  ^eai  nomber  of  alledgnd  improvemonta  in  suckci-s.  pistons,  ral 
thtr  miichinc  as  made  by  the  ancients,  still  generally  prcvailfl;  »o  Uiei 
were  Mime  of  their  pump  makers  to  reappear,  and  visit  their  fellow  Cfifii- 
men-ihroujihout  the  world,  they  would  find  liule  difficult/  in  resianiag 
tiieir  occupation. 

The  pump,  iilthough  a  simple  instrument,  is  confined  chiefly  tociriliicd 
states,  while  tlie  fisUtU  to  which  it  is  employed,  inillcales  proHy  cofTooJy 
the  degree  of  relii>ement  attained  by  the  people  who  possess  iL  Whdfci" 
it  was  known  to  ilie  Egyptians  under  the  Pharaohs  or  not,  may  lie  ^ 
question;  but  when  Egypt  under  the  Greeks  realized  a  partial  revn-»!of 
her  former  glory,  the  forcing  pump  we  know  made  its  appearance  \tJm 
and  under  the  aecoud  Ptolemy,  when  that  country  was  a   ich<(ol   kt  it 
rest  of  the  world,  iu  most  valuable  ntodificalions  were  known.     Iii  flfr 
eeeding  ages,  the  atmospheric  pump  has  been  a  reguUr  attendant  on  ^ 
revival  of  learning  aod  of  the  arts.     Wherever  these  have  maile  the  nail 
progress,  tA^re  the  pump  is  mostly  used.     In  Gcrmani|.-,  France.   Hr.lUnii. 
Great  Britain,  and  the  United  States,  it  is  most  exicnsii-ely  empio 
Spain,  Portugal,  Mexico  and  South  (Vmcnca,  but  parlinlly  ^o    If   I 
ISgypt,  Greece,  Jcc.  still  less;   while  in  Asia  and  Africa, 
kttown.''   Egy|)t,  even  under  the  auspices  of  Mohammed    ■ 
pare  to  mcatve  it  again.     lis  history  in  any  country  is  t}i«t  ot'  tht- 
Taku  Kussia  for  an  example  :  of  the  devices  for  raising  wnier  t;  ■ 
are  infonnud   the  inhabitants  use  tiie  swape,  a  rope  passing  over  a  pulloy, 
{Nob.  13  and  14)  a  drum  on  which  a  rope  is  wound,  (No.  ^'4)  h'-r'tiT'-A 
and  vertical  wheels,  and  lastly  pumps;  these  last  it  is  said,  were  : 
w/y  rare,  but  art  hqiv  btame  common.*     Just  so  of  the  people,  th^^r  "^.. 
(brmerly  vur>'  rude  and  ignorant,  but  are  now  becoming  enlightened. 

*D«  Natum  Simta  ko  TMfanien  iDBeroca*iiii  hiiloria.  pp.  4&3.  4SCi. 
^  A*  nnrd*  a  Imirwlvdca  ef  the  pump  in  China,  •««  reuMrlo  on  Clunttse  I 
iba  nexi  Book. 
"LydTsChartolcrortlw  RnM(iiu,and  Bdatailedh{aUiT7«rMuMow.  Uon- 
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CHAPTER      VII. 

M«wBt(  iNim^  Of  Mora  «ikad*4  aiiplkailaa  Una  Uiiwa  of  kmi^  pMcfifitiaa  ot  iid»— Dcticm  la 
MKlit  *M«r  IB  ()■■■  rrnm  f^rii«c— WfUi  l^luf  ctiMatf,  •«  atalMta  W  nlMSf  w«l»r  Iton  iliirin— Ap. 
^mUb*  af  *e  ■UniHjibif  ic  pu«|>  i.i  diB*  vakir  InM  fnal  JtMWMaa  ■■  vail  m  lUplh— 9la«<iUr  ea- 
K—IMH  Mlvtiihng  «ii  lri*3  >if  ■  Hi'inwb  i-uiap  in  IbnflW — EiirltuDani  |ifnliu«4  kf  li — Wtimt  nit»d 
>i  gt*M  (IntUMu  tir  ■uxMptiirtc  iiranr*  wLm  nlud  wilk  tlr— (Hi:rptlo«*  prKUocI  tm  tM*  p*l»- 
cyW— Dhs*  u  raH>  «■!>«  Mr  (Mc  bf  Mnnaphwlc  prH<iir*<— ModltcHibMi  atttu  f^mp  i^UDanbb 

r>l1)i  vllh  Ima  puuaa — Ftesck  WMikc  punf — Currcil  paB^— ttu«cbaBkf»Kfc>  pliap— C<BtrlAlflil 
|UMy~-W*M*a  |iwp     Ji>ff»>  iia|m>ir«Daal — Orl(Uikl  CMlnAit*!  pusp — AdeUm  Imteu  Igarfld  Ib  ihw 


Tkat  |1i«  public  liydraulic  nmrliiijery  ot  the  Romaiia  waj  of  the  iiioRt 

itomMf  ntAtennU  siimcienlly  ajipuai-H   from  Viimvius.     The  cliaiu  of  pou 

ile*cntMHl  by  him  wtt*,  contrary  lo  tbe  prvctiC'e  iu  Asia  and  Egypt,  wholly 

cf  wutal — the  chain  w-as  of  iron  uid  tlie   buck«u  of  bniM.     Tno   puniM 

rCteiibius  Oiat  werd  employed  in  raiaiug  waier  to  Kupply  fome  of  toe 

_„lblic  fouutairi?.  he  tnforins  us,  were  «l»o  of  braai  and  ihe  pipe*  of  cop- 

T*r  or  lead,     Knme  of  the  oldexi  pumps  extant  in  Europe  are  formed  w- 

'<^2'.'rtii,T  (if  tlie  latter.     Leaden  pumps  were   very   common  in   t}ie    I6U) 

They  are  mentioned  by  old  physiciaoi  Among  tlte  causes  of  cer- 

••iiwef  in  faoiilies  that  dranV  water  out  of  them.     The  pump  of  the 

Colehrated  alchvmiM,  Dee,  alluded  to  in   the  last  chapter,   was  a  leaden 

tt»;  and  which  he  expected  lo  be  able  to  iransmtiie  into  gold,  by  means 

•f  the  elixir  or  the  philosopher'*  stone,  which  he  spent  his  life  and  fortune 

tnieeking.    In  the  vicini^  of  some  £nglish  lead  mines  such  pumps  have 

fiviDAny  centuries  been  in  use.     The  Italian  pump  that  led  co  the   diKO- 

'nry  oi  atmospheric  pressure  was  also  a  metallic  one. 

Tha  introduction  of  meiala  id  (he  construction  of  pumpa  greatly  ox- 
tended  their  application  and  usefulness,  for  they  were  then  no  longer  re- 
((Qired  to  be  placed  directly  ovrr  die  liquids  ibey  raised.  Those  of  wood 
were  necessarily  placed  within  ihe  wells  out  of  which  they  pumped 
w«cer;  but  when  the  working  cylinder  and  pipes  were  of  copper  or 
InuJ,  the  former  might  be  in  the  interior  of  a  building,  while  the  reservoir 
or  well  from  whence  it  drew  waier,  was  at  a  cTiBlanco  ouiside;  the 
pive*  fonnios  BO  oii^tight  communicauon  between  them  under  the  surface 
of  ihe  grnund. 

Tbe  fbllowinif  figure,  (No.  90)  represents  a  common  metallic  suckii^ 
pump;  the  cylinder  nf  casi-iron  or  copper,  and  thu  pipe."  of  lead.  It 
5rill  verve  to  explain  tbe  operalion  of  such  machines  in  dt?tail.  and  to 
show  the  extent  of  their  apphcation.  When  this  pump  is  lirat  used,  water 
H  poariKi  into  the  cyliitder  to  iixnsien  tbe  loBlht*r  round  the  sucker,  and 
(he  pieces  which  form  the  cla<:lt5  or  yalvcs;  it  also  pruvonis  air  from  pas- 
sing dnwn  between  tlic  sucker  and  ihi:  Eidua  of  the  cylinder  when  the 
fanner  is  rmued.  Now  ilio  aiinc»phi.-rc  rests  eijually  on  both  orifices  of 
the  pipe*  the  open  one  in  ibi*  well,  and  thu  other  covered  by  a  valve  at 
botlom  of  the  cylinder :  in  utlicr  words,  it  presses  cmjubIIv  on  the 
in  tlw  cyliiMler  and  in  the  well  which  covers  both  ;■  hm  when  by 

■Not  abivlawlf  to.  ar  in  a  txrict  philosopliical  taue,  Inii  ibd  iiStrvoee  m  m  *JMtbl  In 
tM  altiui^  oT^  ur  M  ftet.  (thv  vnllttnrjr  limiis)  as  to  Im  ltiappr«euiMe  in  a  f^nclieil 
peut  of  n«w. 
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the  depression  of  the  handle  or  levor,  the  soffltor  Is  raiaed,  thia  tirjialiili 
deairayed,  for  the  umosplieric  column  avi>r  t]tc  c^Unil»r,  uid  rnnu^ixiDflj 

over  fho  vsIto  O  la    liA«d   "f  '"^ 
sastnincd    by    the  oiicker   3 
thcpofore  no  longer  prewri  .... 
upper  oHAcc,  while  iu  nclinfi  on 
lower    one    rcmsinii     uuditninUI 
ThcD  •&  the  exit^roAl  ur  ronoDt 
tcr    iho   pipe  lo   reatnre   ih-- 
hriuni  excciii  lliruu^li   il»  m 
incrsed  in  die  well;   in  its  rffc 
do  ao,  (if  tim  exprtmiion   if  % 
ble)  it  necoasntilv  iinvt^»   tiif   *i 
before   il    on    uvurj    B«r<— t    tF  tf»^ 
sucker,  unlil  Die  «ir  pt.  1  — 

txined    in   the  pipe  w  •- ' , tj 

botli  pipe  aitij  cj-Uuder  becume  tilitcS. 
with  water. 

The  subHetjuenc  operBiion  a  nt»- 
viott».     Wbeo  tho  tucker  dr^--'  ■■- 
the  cUek  on  its  upper  »urf«' 
•ed  by  the  resiiLiutce  of  c'" 
Uirough  which  itpawee;  m 
u  (be  bouoni  01  thu  ej^lii"' 
cl«ck  cloies  by  its  owd  wi-  _ 
that  when  ilie  tucker  ie  oguL  >-  [^<  > 
ted,  besides  ovcrcomirt}}  ihv  'ru- 
tance  of  the  Btmosphrru.  n  ctrri* 
up  sir  the  water  above  it,  aod  which  it  discbarge*  at  ibe  Hpuut— «t  ^ 
same  umi>  the  atmosphere  rosung  undisturbed  on  tho  w»<^<r  in  the  atll 
pashos  u[)  a  fresh  portion  into  the  vacuity  formed  in  the  cylinder,  and  lb 
va!v©  O  nrevenu  lU  return. 

Ttie   horizwtnl   distance   between   the  cylJtider  or  woriimg  )>••"  ^f 
ihe  pump  and  the  well  is,  in  theory  unlimited,  hut  in   practice  11 
exceeds  one  or  two  hundred  feet.     In  all  cases  wliere  long       P^'^  •  *■' 
used,  their  bore  should  be  enlarged  in  proponinn  to  titeir  len^u.  or  thr 
velocity  with  which  the  sucker  it  raised,  should  be  diminished  ;  fend  fcr 
this  reason — time  is  required  to  overcome  the  inertia  and   fricuoo  of  Inn^ 
columns  of  water  in  pipes;  hence  a  sucker  should  never  be  reiH-d  EattBi 
than  tiie  pipe  can  fumisb  water  to  Rll  the  vacuity   forn)«>d   Ky   ii«  ammsl 
In  pumpR  whose  nipea  have  too  small  o  bore,  it  frr 

ihc  sucker  is  forciWy  driven  back  when  (luickly  mi  

bad  not  time  to  rush  through  the  pipe  luid  fill  the  hitcu>t)  ii>  lii 
a*  rapidly  aa  it  was  formed.     The  bore   of  wooden  pump^   he 
throughout,   tht^   water  is   not   pi»ch«d  or    wire-drawn    wlul» 
through  them,  as  in  most  of  tho-ii>  of  metal.     This  isoDnrewnn 
generally  work  easier  Uian  the  lotii-r.     It  is  immatenal  in  whui 
tae  pipe  th*^  valve  O  ir  :  it  10  uBually  planed  >U  Hie  unnor  end  for  tbe 
venience  of  getting  to  il  when  requiring  repiiirs.     Wii^n  it  Rds  cl 

it*  seal,  the  water  always  remains  suHpended  in  the  pip^  '■  "' '■- 

should  be  defective)  as  mercury  is  ^iistainod  in  a  barari.< 

In  cold  climates  it  is  a  matter  of  some  imponanoe  10  ji'v  .f  m   ' 
pump4  from  freestng.     Metallic  pumps  are,  from  the  siijiunor  er>i. 
propi>ny  of  their  maionsi,  more  »ub}>>ci  lo  this  evil  than  thow  <  1 
Of  i-unous  devic«B  «  fttw  intiy  W  m«nuoi\ed.    Tbe  old  cnoda  of  • 
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pinp  in  s  cMe  oantuning  tanaen'  haHc.  charcoal,  tho  dang  of  bor- 

I  ^  u  continufxl.    Others  Bra  u>  j>revcnl  tho  valve  (>  from  aiuuiKclasu 

■MBUj   (ir  to  open  iu  hy   pressing-  the  sucker  upon  a  pin  atlacbvil  W 

^Klthe  conteDU  of  the  cylinder  and  pipe  may  diiscend  into  the  woU; 

puevery  time  the  pump  is  used  a  frcsli  ptirtion  is  requiivd  tu  '  prime 

A  Rutrc  common  method  ia  to  connect  tho  lower  part  of  tiw  cylinder 

tke  suction  pipo  by  u  stop  cock  and  short  tube,  as  at  C.    By  Dpuriing 

oock  tlio  wuior  in  iho  pump  dc&cenda  through  it  into  tho  pipe.    Bui 

■Mai  praciicc  in  ihtii  country,  i^  to  make  thu  cylinder  of  such  u  length 

IWD  ur  ihruu  fi*ct  uf  it  may  bv  bolow  tho  surnca  of  the  jrruund,  uud 

of  the  reach  of  tbu  Trust ;  about  a  foot  above  the  valvi-  O  or  lower 

.,  II  plain  cock  a  inBcrtcd  :   in  winter  this  cock  is   lull  pttniully   open. 

ikv  water  idK>vc  escapes  slowly   tlirougb   it  luio  the   ground  ;  while 

fwlow,  tutu  which  Uie  sucker  a  ttmdo  to  extend  lU  its  lowest  position. 

instead  of  frcab  'priming.' 
■imilar  device  a  attached  to  die  lateral  pipe*  that  oonve^  ibe  water 
IB  Schuylkill  into  the  houses  of  Philadelphia. 

me  pcrsoM  can  scarcely  conceive  how  the  atnuMpbere  can  have  no- 
lo a  M'rU.  while  the  latter  is  covered  with  slabs  of  stone  or  timber, 
a  thick  bed  of  clay  nr  mould  over  all.  Thiw  forget  that  it  is  the  ra- 
of  air,  the  extreme  minuteness  of  it«  panir.Io.i,  which  enables  it  to 
jnlate  Lhmugh  die  finest  anils,  as  freelv  as  people  dam  through  the  vft- 
is  ehamberti  and  passages  of  thnir  dwellings.  VVere  thn  side*  of  n 
a  coaiixl,  and  its  mouth  co\-ered  with  the  bc.it  hydraulic  cement — no 
|ier  could  the  sucker  or  piston  of  a  pump  produce  a  partial  vaouam 
^n  it.  than  the  air  woulo  stream  through  the  cement  as  water  throagh 
jkJandcr  or  ehower  bath.  And  if  the  top  and  sides  were  rendered  per- 
lily  urti^hi.  it  would  then  enter  the  bottom  and  ascend  through  the 
ur  without  any  [icrceptiblc  obstruction.  If  it  were  passible  to  make 
oil  impervious  to  air,  no  water  could  bo  raised  from  it  by  cmc  of  these 
i|w;  no  niuvenient  of  the  sucker  could  then  bring  it  up.  We  might 
mne  the  apparatus  with  solicitude — remove  its  defects  -with  care — 
niU  tlio  learned  with  the  Florentines,  or  gel  enraged  like  the  Spanish 
ip  maker  of  Seville; — still,  the  water,  like  Glondower'a  spiriu  of  the 
K  would  iu  spite  of  all  our  etlbrta  refuse  to  rise. 

r  ben  the  atmospheric  pump  is  required  tu  raiau  water  from  a  porpOD- 
llar  depth,  not  exceeding  '2G  or  28  feel,  (L  e.  in  those  parts  of  the  earth 
ire  the  mercury  in  the  barometer  geiienilly  AUiiids  at  30  inches)  the 
kh  of  the  cylinder  need  not  exceed  that  which  is  required  for  the 
Ite  <rf  the  sucker.  In  ii.t.  cases,  tho  perptmdietilar  distance  between 
Backer,  when  at  die  hi£;he«,  point  of  its  stroke  and  the  level  of  the 
BT.  sbuuld  never  exreerl  the  same  number  of  feet  as  the  tube  of  a  ha- 
ter, at  the  place  where  the  pump  14  to  l>e  useJ.conialns  incAtt  of  mer- 
But  in  the  temperate  aones  where  pumps  are  chieHy  iih<hI,  rhe  pres- 
II!  air  varies  sometunes  to  rhe  extent  nf  two  incnpA  of  mercury,  or 
and  three  feet  of  water;  hence  tlie  dixtanon  should  be  some- 
as  the  level  of  water  in  wella  is  subject  tn  changes,  it  is  the 
ce  of  pomp  makers  to  construct  the  cylinder  and  rod  of  the 
such  a  length,  thai  the  latter  may  always  work  within  ^6  or  S8 

'"-  above  rule  in  view,  water  may  be  raited  by  these 

1  of  all  depths:  for  aAer  it  has  once  entered  the  cy- 

i  thence  by  the  sucker  independently  of  lh(^  aTmnspbere, 

■   the  c^'tinder  i<>  extended.     This  seemx  to  have 

IJ  cngineera.     The  reinarV.  oC  ihosc  w^xo  msiA* 
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tlw  Floretitiop  pump  !■  >  proof;  atid  other*  miglit  hi*  tddaowl  fmn  murk 
iildvr  iiutliunUv*.  Plnre  48,  in  Baoson's  Thc^n%  repf«*«tiu  ar  i.ttui-- 
l^vnc  pump  riuwntf  watnr  from  a  river  tn  llm  top  of  h  liigh  tawitr  Tiu 
nylindnr  in  wituirv,  lorniej  of  plank  aaA  bautiij  with  mu>  cUmjia^  It  a 
(hown  aa  iteuly  jtmr  ttmea  tiic  length  of  (he  sucttnn  pip<^.  whteh  »  rnund. 
Wbeii  nump  roda  are  roquired  of  great  looglh.  ihev  shouU  tw;  oiuJi*  «f 
ptne.     This  wrwd  tlon*  not  warp,  anil  aa  it  ta  ra[li(.T  li|(hu>r  t!i  't 

Wfi^ht  liaa  nut  Ki  tw  overcome  (lika  iron  rods)  m^ch  tsMint;  ; 
A  ciruumnlancw  to  whicb  wr  liave  sltghtl>    alluiItrJ,    waa   ur 
tha  public  pHperx  uf  Gtirope,  in  the  V(?>*r  l^lili,  winch  miiicri 
of  phtliiiO|ilierc  ;  for  il  sctciDcd  In  ihreatcii  a  rottrWa!  nf  tlir  iJ^»ptiu,'jaiH.<^ 
a  vacuum,  and  the  accent  of  waifr  In  putnpii  anil  siphons.  Ice       A  tinmui 
uf  Seville,  in  Spain,  undertook  to  ralsr  wat«r  from  a   w«:ll   (i< 
hy  the  conmion  pump.     Instead  of  making  the  suckfr  piny  v. 
of  the   water,   he  mudr   tltc   rml   »n  itdtiri,  that  it  did  not  roach  wiiliiDoU 
feet  of  iL     Aa  a  nccvaaary  consequence,  hi-  could   not  raitc   anV'     Vn-"S 
Uivaily  Hlxappoinied,  he  iJeKiCtided  the  well  tn  rxiuutnr^   ihu   pi|>*<  *kile 
a  person  above  was  employed  in  workine  the  pump;  aad  at  last  i"  •  '•' 
Oideapair,  at  his   want  n*  soctrias,  he  dashed  the  liatch**!  or  hu<r 
hia  hand,  vtolenlly  against  ih«  pipe-      Bv   tliia  act   a   amall  <-■  •  ■ 
made  in  the  pipe  about  ten  feet  above  the  water^wht-n,  wli 
been  Ins  surprise!   the  water  instantly  aacended  and   was  ni.*(-iiLk[|r<n]  « 
tlie  spoul  I 

The  fact  being  published,  it  was  by  some  adduced  as  a  proof  thai  ^ 
pressure  of  the  atjuoBphoro  cuuld  luslain  a  [xTprtudiciilar  column  of  vfiier 
much  longer  than  3£  or  34  fuet.  and  conse<iiit-ii(ly  that  the  e\ 
Torrlcelli  and  Pascal  wurw  inconclusive.      M.  Locitt,  a  aurgci 
in  Normandy,  repirated  thvi  cxpenmeni  with   a   pump  in   his  gai" 
bored  a  smaU  bole  in  the  suction  p'pe  ten  feet  al>ove  the  water,    i" 
ho  adupicd  il  cj»rk.     When   it  was   open,  the  water  could  bo  diaclnrgni 
ni  the  iieigbt  of  ■*><!>  feel,  instead  of  HO  when  il  was  dhut 

As  mi^iit  he  Kiippovrd,  these  experiments   when  investigated,   inateul 
uf  orerthnnving    the   recnived   doctrine  of  atmospheric    prcaeurc,  mort 
fully  cunfirmud  it.     Ii  was  ascertained  tliat  the   air  oil  entering  (ho  pipe 
bccftme  mixed  with  llie  water;  and  wliidi  therefore,  instead  orb*-M-'^  >-"- 
ried  up  in  an  unbroken  column,  waaraiaed  in  di^^iinied  portions,  ■ 
fonn  of  tAirit  rain.     Tliis  mixture  l>eing  much  ligliior  than  W4lrf      < 
a  longer  column  uf  it  cuuld  be  ttuppurled  by  the  auuirwpherc  :  nnd  !•;■  [■■■ 
poriiufUug  ibe  (luuiliiy  of  air  adiiiitte^i.  a  column   of  the  compoumt  nmii 
muy  be  elevaiea  oiie  or  two  hundred  feet  by  (he  aimo<iphcrir  pump ;  bat 
tfaor*  il  nu  ndvuitage  in  rsiiiiiig  water  in  this   manner   Ly   thf  puntft.  and 
we  believe  it  is  seldoni  or  nt-ver  practiced.     In  n  pap^r,  on  the  Jutj- 
formed  by  the  Cornwall  Steam  Engines  in  ralwng  water,  in  ibf  Jo 
nf  llio  Priinklin  Inxiiuie  for  May,    1837,  it   is   staled   (bnt   a   litt]<i 
sui»eume«>  admitted  in  the  pump  pipes,  whirb  it  is   atledgi-d,  "mod 

fiump  work  more  lively,  m  conaecjuence  of  thf  spnng  il  gave   to   ebrf 
umn  of  water,  and  caused  leas  strain   to  the   machinrry  "      In   ihr 
paper  Mr.  Perfiina  states  that  forty  years  bi'fon-,  an  attempt  w««  m 
ilApotie  upon  liim  in  this  country,  a   pump   which   raivil  water  by 
gphenc  pressure  100  feet  :  but  ho  detected  "a  small  pin  hi>In**  tn  dia 
through  which  the  air  was  admitted. 

The  same  deception  it  seems  g«v«  nM  i*>  tbe  homofnn-  ■- ' — 11 
■  Tfrhbfe   Traetoraixm.'     The  ingenious  author  states  n  ire 

be   was  employed  in   ISOl,  as  agent  for  a  •-'  '    : 
which  he  waa  a  ractnher,  lu  pooevd  to  liund. 
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new  raventnl  Kycintulie  macKino.'     "1  tru  urj^yl  lo  hurry  my  d«jMir- 
in  con«equeaue  of  »  ivport   in  circulnUoii,   ii»l  cirriuiti   pvrsona  by 
th  hJid  mode  thotnselves  masters  of  i]»c  invention,  and  vrcrtt  AvXbt- 
iowl  to  uiticipat«  us  in  our  ohjeci  of  st-cunng  ft  potent   in   Ltiodon.     In 
uonce  of  this  ivpori,  tltc  cxpenmRnis  madr  with  this  innchtno  were 
rfonned  in  a  hftaty  manuvr,      By  it,  wnler  noA  raised  throu^b  Uuki/  tin 
pRi  III  ft  hftaiy  cxperimriit,  4S  fn-iit  from  Uio  surfBCO  ot  tlie  touiiLain  to  the 
uf  the  cylindura,  ia  ujuch  ibe  pistons  wen;  worked.     I  embsrke^l 
New- York  the  Sth  of  May.  nnd  ftrrivetl  iii  Ix>D(l<in  after  «   ledious 
c  the  A^  of  July.     I  wBii*-(i  on  Mr.   King,   then  ambassador  from 
le  Uititfld  States,  to  whom  I  liad  letters,  and  was  by  him  favored  with  a 
tUer  lo  Mr.  Nicholson,  an  eminent  philosopher  and  chrmi.it.     W^ilii  tliia 
enllaman  1  bad  aevertJ  ihlcrrvtswa  on  tbe  subject  of  my  hydraulic  ma' 
bioa,  aud  from  him   received   an  opinion  in   writing   unfavorable   to  its 
Mnila.     I  likewise  made  a  number  of  experiments  in   I^oodon.  with  a 
ifferent  ksuIc  from  what  I  had  seen  in  VermonL     In  this  desperate  si- 
latjon  of  the  advenlur«,  1  received  a  letter   from  one  of  the   Vermont 
^tnpsny,  informing  me  ibero  was  a  deception  in  tbe  patent— that   from 
xperinwnts  inmln  subsiv^uent  to  my  departure,  it  appeared  that  no  water 
Kmld  bi>  raised  by  Ltui^lan'j  inrmtian  higher  than  by  the  common  puropt 
inleas  by  a  |wrf(>ration  in  thr*  pipe,  which  made  what  the  inventor  called 
ji  air  hole,  nnd  which  by  him  iuui  been  kfpt  a  trrret.     Mr    Nicholson  in- 
armed mt  that  H  aintilar  dcri-plion  had  bt^en  practised  on   the   Ac«derai- 
iana  of  Fans,  but  ihut  tiie  tnck  was  discnvernd  by  llie  hi»«iiig  noise  mnde 
ly  lh«  "ir  rimhing  into  the  aperHjn-."     Kroni  the  disiippoinUm'nt  Mr.  Fes- 
■iiKjeii  tiirtn/d  to  his  (m;h,  and  wrote  '  The  motlrrn  Pkdumiphfr or  Terrihte 
yactaratiot.'     See  preface  lo  2iid  American  cd.  Phil.  1806. 
\\  w  |Kiiwible  tuiwever  to  nsiaw  water  by  a  short  cylinder,  fifty  or  even 
hundred  fei^l  bigh,  but  for  all  jinictical   purposea  the  devire  is  useless. 
'be  Krst  thing  of  iJie  kind   that   we  know  of,   was  accomplished  nearly 
prty  yt^ars  ago  by  a  buy.     He  fixed  a  small    pump  (the  cylinder  was  12 
DcbvK  in  leiigtli)  in   the  garret  of  a  high  dwelling,  and  a   tub  of  water 
»   this   cellar,  tlie  perpendicular  distance    being    nearly    50   (eel.      About 
alf  way  uji  the  stairs,  he  plau'd  a  cAnim  vestiel,  (a  ihrtMt  gallon  tin  boiler) 
rcKD  the  buUom  of  which  a  small  leail^n  tii)>e  was  coiitiiiuttd  to  the  pump 
ylindar;  and  anothttr  lube  being  soldered  b>  the  lop,  descended  into  the 
W0\>  of  wafer.     A  third  tube  was  siddered  to  the  tt^ip  of  th<?   vessel,  and 
|rrm!e.al<^  near  the  pump,  having  a  cock  soldured  lo  the  end.     This  cock 
^  I  and  tlie  pump  worked,  the  uir  m  tlie  pipes  and  the  vessel  waa 

TV  ■  M,  and  the  latter  cotii)u<]uentJy   lillud    wiili  water  by   the  aUno- 

piMprv  ;  he  then  opened  ilie  cock  which  admitted  the  tiimosphere  to  act  on 
•urfaoe  t)f  tlie  water  m  tlie  vessel,  and  by  agiiin  working  (he  pump  tlie 
ontenu  of  ilie  vessel  were  nttsed  and  discharged  in  (he  garret.  By  a  ac- 
iea  of  ctotv  vessels  placed  at  dijitances  uM  exceeding  30  feel  above  each 
(iher,  water.may  be  raised  in  t}iis  manner  to  any  elex-auon. 
It  is  impcMsible  to  notice  here  a  moiety  of  the  projects  for  iroproring 
B  alin'ispheric  pump  and  tbe  various  parU  of  which  it  it  composed; 
r  name  is  iegum,  and  tliis  volume  ta  far  too  limited  lo  comprite  an  ue- 
BUflt  (.if  tliem  «U.  Those  thai  we  are  about  to  describe  are  of  modern 
tte,  but  it  does  not  tlierefnre  follow  that  iliey  were  unknown  to  the  an- 
enl*.  Men  iu  every  age.  when  striving  to  aocomplish  a  specific  object, 
icunslly  fall  into  siunlar  trains  of  thoui^ht,  uud  hit  upon  tliv  satnc  or  nearly 
■I  aame  devicoa.  Coold  tlie  ancient  histury  of  this  luachiue  be  procured, 
woald  ,we  have  no  doubt  prove,  iliat  (like  the  iriatrumeiiis  invented  by  a 

tielirateil  Frencb  surguun.  foe-similes  of  which  of  eitquWtU!  C\n\Ai,  "wet^ 
. : 


Pump  wtlK  fan)  Putam. 
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•obcequently  fiiood  in  Pocn|>eii)  iiot  a  Cow  of  its  dtvnnified  modHv«'i'>''.< 
were  auticlpated  by  Greek  «iu]  Rcniaiti  luachinuts.     VVliv  then  wt 
noE  preserved  or  contiuued  iii  utel     Fur  Uiu  Mmu  rf)a«aii   that   : 
pump  is  atill  geocrally  preferred :  wid  were  it  not  for  the  art  of  | 
U  \a  probable  Uiat  ttot  one  of  t)ie  tuodem  IrnprovmuuttA  of  thU  t: 
would  be  known  2000  years  heiic(>,  any  moro  than  tfaow  devisc-d 
ftDGienta  ara  now  koowti  to  us.     ThoKV  pcraotu  who  an*  funiliu'  Q~.ttt  % 
well  know  tliBl  a  lu-ge  majority  of  \l»  tuppoved  improvers,  bftva  reiarsod 
(irom  long  and  laborious  raetital  pilj^riinagei  in  tt4  behalf,  laden,  bkc  old 
devotees,  with  Utile  else  ihui  slotvv  of  worthless  relics. 

,^-^  or  inimmvrable  variations  in  its  oodKdp- 

tion,   the  greater   pan   consists    of  difiinml 
mode*  of  communiriiliDg'  imHion  to  the  rod, 
by  wheeU,  cranks,  mrks  and  pinions,  cans, 
>^v   ;        ^-  plain  and  Jointed  Jerirs,  pendttlums,  balsDW 

^  r^*^  poles,  vibrating  platforms,  &c.      Of  ih'"-  '<'- 

would  Im*  luelesfl  to  speak.  Others  r< -  < 
two  or  more  suckers  in  the  same  cyIiiMl>--.  l^i 
alteriQ|:  the  fonu  of  tbe  tutor ;  and  same  a 
impnruiig  tuotion  lu  the  cylinder,  and  dispao> 
sing  with  the  suckttn  We  ahol)  nobee  sons 
of  ch<.-«e  hfre,  and  others  in  the  next  Boot 

The  introduction  uf  two  suckers  or  piium 
into  one  cylinder  has  long  beea  a  fmranto 
projocu  £>r.  C'ouvor*  in  1673  proposeii  & 
pump  of  this  kind.  He  made  it  ox  nlsnk. 
square  aud  {<ij<erai,  fin  the  form  of  an  nmr- 
teid  uiid  truncated  pyramiit.)  8^  feet  toog,i0 
inches  Hjunre  at  the  upper  end.  and  8  at  dm 
boitom  when)  iJie  valve  or  lower  box  wu 
placed.  He  fixed  two  suckers  on  the  soK 
rod.  uoQ  at  its  k>wer  end  and  the  uther  m  ■■ 
to  play  half  way  down  die  inink.  This  ponp 
he  ssid,  raised  "at  least  iwioe  as  mnch  vater 
as  tbe  ordinary  one  of  the  same  sixe.' 
sach  wa8  the  liict.  it  waa  by  the  expendiL 
of  twice  a»  much  furce.  Had  the  bnra 
fc  ^  J  the  trunk,  where  the  up|>er  sucker  pla; 

'  bei;n    uniform    throughout,   and    the     lo< 

snrker  laid  asidp.  and  with  it  the  foree    

E ended  in  moving  it,  the  rc"uli  would  clearly 
ave  equallrd   that   of  both.       Phi).    Trftni. 
Abridg.  Vol.  i,  .'545. 
K**i.  DoMbi*  PtotM  rasp.  AUmt  the  year  1780,  Mr.  TaylorofSoi 

nmpton.  Rng.  introduced  two  ouckors  or 
Ions  into  one  cylinder,  each  united  to  n  senaratM  rod,  that  orif  mi.-Li 
cond  as  the  other  desceoded,  aud  thus  discnarge  double  ilie 
woier:  No.  91  is  a  figure  of  it.     The  rod  of  the  lower  sutn.ti 
through  the  centre  of  the  upper  one ;  and  also  through  it4  valve,  wl 
ta  a  Hpherioal  nr  hemispherical  piece  of  brass,  placed  loosely  over  its 
and  to  which  the  rod  aci^  aa  a  guide.     The  upper  pans  of  the  rods 
noinate  in  racks,  betwwn  which  a  cog  wheel  ts  placed,  hnvinf.' 
muvoraenr  impsned  to  it,  by  a  lever  attached  ttt  iu  axis,  a«  Ui 
•tr  pump. 
Aaother  mode  of  working  this  pum^i,  is  hy  neuw  of  •  drum  fixod 
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«&d  of  tbe  ah&ii  of  tl»  cog  wheel;  over  this  a.  rApe  is  pMsvd  anil 
jcrCMsvd  beluw,  to  wiiioh  aov  number  of  mi*n,  on  vach  Md»,  mity  *pply 
flhfir  ■Iren^tli.  Dotli  parlies  pull  (tic  rope  towards  them  l>y  turn*,  and 
llhrrvby  impRn  the  retjuisile  movemBut  to  (he  coa  wiiecl,  and  conMxjiienlljr 
lo  (he  pump  tTtds  Hnd  suckers,  m  shown  in  No.  92.  Mr.  Adam«,  in  faU 
|L«ctureB  on  Natuml  Philosophy,  published  in  1794,  obwirwd  tbm  tiiese 
''  *  of  pumps  had  been  "in  geiwriil  use  in  tbe  roy«l  novy  for  five  or  six 
Vol.  iii,  393. 


N*.  n    IVurkiiii  Rhfp  Tamf  liy  Wmpiifc 

In  1813,  [ho  Limdon  .Society  of  An»  awarded  a  modal  and  twenty 
guineas  (O  Mr.  P.  Hedderwivk.  for  various  modes  of  imparung  motion  tn 
two  ptstoofl  in  (ho  same  cyltuder,  by  a  sencs  of  ieeen,  tostuuj  uf  cog  wheels 
^^Bncks.     Trails,  vol-  xxxii,  98. 

^^Bbnosphunc  pumps  with  two  pistcms  arc  nacd  in  ibe  Frcucb  marine, 
nd  aru  orrangod  so  as  lo  lie  wurkod  by  the  inun  as  in  the  ace  of  rowinj^. 
Keithcr  rmeks  nor  pinions  are  used  in  cumin unicaii Tig  cnotiou  to  the 
ods.  The  uppor  ends  uf  (hcse  arc  contimied  ouuido  tbe  cylinders  and 
tent  a  little  outwards,  and  then  connected  by  a  boll  to  each  end  of  a  ibort 
ibrating  beam  which  id  moved  hy  tlie  men.  Tho  rods  do  not  d«sc«nd 
s  tho  cmire  of  thn  eyhnder.  as  in  the  precoding  figurv,  but  are  Attached 
9  one  fiidu  of  the  suckers.  The  lower  rod  passes  througli  an  opening  in 
he  upper  suckitr,  which  is  closed  by  a  collar  of  luathcr.  Huicheite's 
rmitij  Klemeninire  Am*  Machines.   Paris,  1819,  p.  153. 

Pumps  with  double  pismns  arc  not  rrf  modern  date :  there  is  one  figured 
a  BoMon's  Thrsiru  dee  Instnimens. 

The  alledgtid  xupenority  of  these  pumps  is  more  specious  tJiiui  real. 
t  is  true  tJic  merti^i  of  tbe  water  in  ascending  the  plpcd  has  not  to  be 
vnrcomc  at  every  siruke,  as  in  the  common  pump,  since  it«  motion  through 
hem  i«  continuous ;  nnr  is  its  direction  changed,  as  when  two  iti-paraio 
lylinders  are  uaeJ,  txiing  then  diverted  mto  them  from  ihc  pip4»  at  iinglea 
ore  nr  less  acute.  These  ore  real  ndrantages;  but  if  we  mistake  not, 
key  are  the  only  ones,  unlesii  taking  up  less  room  on  ship  board  be  an- 
ulier.  But  i'mm  the  cylinders  being  ttnco  the  ordinary  length.  i)ies« 
ehinei  arc  really  donble  pimins ;  haWng  not  only  two  snckem  and  twn 
Dds,  but  also  two  cylinders,  nnJ  re<]uiring  twice  the  power  to  work  them, 
he  principal  diflerencr;  bcTwecn  them  and  the  UHunl  double  pump,  is  that 
he  cylinders  are  united  together  on  the  same  axis,  while  in  (be  latter, 
'iny  are  placed  pamllel  to  each  other.  In  point  of  economy,  we  ihinlc 
umps  with  Iwo  distinct  cylinders  are  preferable;  they  are  less  complex, 
of  i:<iitr«e  loss  liable  lo  derangetneni :  a  longer  stroke  can  be  ob- 
>'  ',  and,  what  is  of  more  impi>rtan«n,  when  one  is  disordered, 

r  (■  eoniinued   in  use.     On  these  consiile  rat  ions  we  believe 
at  re  aluindmied  in  fhr  British  navy. 

■\  III  of  the  ninimon  pump  was  devised  in  Kngland 

the  Society  of  Arts  awanled  a  iiremium  of  twentv 
i.  ■  i)wr  waj  carved,  and  the  centre  of  the  circVc,  vH  'wViwtv 
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k  t<>nne(i  a  jmn,  tervtd  u  a  fnlomni  on  which  tJie  rod  uul  baiwIbOieth^ 
ffitf  ptew)  mored.  The  rod  was  curved  m  u  to  inov«  in  ihe  cmure  4/ 
xhv  ctmintHT. 


The  objeotfl  luppoaed  to  hare  been  nitained  by  dus  ariBBgcmait, 
"  ptM>si^r  Rimplinity  of  workiDanihip,"  and  "  grouer  iteadtnees  mod 
Bton  of  Mtinn  '  (of  (he  tucker.)   The  device  tj  mgemous,  but  can  nenf 
generally  adopied.     The  spring  of  the  rod  with  tlie  wear  nf  the  boh  w 
whirh  it  turnn,  must  Boon  render  the  piny  of  the  Buck^r  and  wear  of  ite 
chamber  uitcniial:  the  ditHcuUy  and  cxpenBO  of  making  the  lailer  mm- 
linear,  nnd  of  repairing  it  wbco  bruised  or  athorwisc  tnjared,  are  hia) 
objecQons.     The  pipe  muet  be  separated  from  tliu  chiunbcir  to  getai  >^ 

lower  box  or  valve;  and  the  nppiicyiw 
of  the  pump  ta  limited  w  depths  wnluk 
30  feet.     Wi>  have  noticed  it,  leal  (^ 
same  idea  occurring  lo  some  of  our  tf^ 
chanios,  should  luad  ibem  u>  a 
expendituru  of  Ume  luid  iiioncT.    Id 
same  year  a  pauinl  was  issuod  in  &  *^' 
land  for  making  the  cylinder  in  the  f*^*]^ 
of  a   ring,  or  nearly   so.  ihfl  centre        . 
which  was  the  fuknim  on  which  the    flTi 
ion  lumod,  and  an  Blifmatiiig  ma^^r''; 
was  imparted  to  the  httor.     Re 
of  Arts.  voL  xiKV.  1819. 

An  interesting  randificntion  of  1} 
mospheric  pump  waa  dciMrnbcd  by 
chenbrocck   in  his  Natural    Phili 
Instead  of  a  piston  or  Bui^kcr  wo 
inside  of  iho  cylinder,  thi^  hater  itaei 
moved,  being  made  to  alidc  over  the  f 
somtfwhat  in  tiw  maoiier  of  iole«oc=^ 
tubes.     No.   94    repreeonu  this    pu 
The  upper  ond  of  ti»o  luction  pip«. 
made  of  copper  or  brass,  and  lU 
rior    smootQ    and    KrAi|i;ht. 
through  the  honom  of  a  small  cistern.     Tts  orifico  is  ch>-' 
opening  upwiuds.     A  abort  cylinder  whus*'  diftmatiir  mtt< 
siirrinn  piiw  i«  ditipfd  nvpr  llip  latter;   nriil  ' 
m  Bdapud  to  prevent  air  or  watar  from  p*!^      _ 
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rad  is  eovorvd  b^  a  T«lve  «tso  opetung  upward.     I^c  pump  rod  is  at.- 
Iiebed  tp  th«  eame  end  by  «  fork,  as  i«pr(.>6enied  in  the  figure.     Hy  rm>* 

E'le  cyiioder  up  and  down,  the  air  within  it  and  the  pipe  is  suuo  ex* 
ud  Its  place  occupwd  by  a  purlion  uf  the  water  in  which  tho 
tad  of  th«  suction  pip«  is  imnHrnted.     When  die  cyUmivr  is  Uwn 
raised  tb«  atrootpbcre  furrvx  up  water  intv  it,  and  when  it  h  Jepr««svd, 
lie  water  being  prrvi-ntvd  by  the  valve  on  the  end  of  the   pipe  from  da> 
tcendiDg  into  Uw  well,  escapes  out  of  that  on  the  top  of  the  cylinder,  pne- 
cisvly  a§  in  the  bvllows  jiump.  (p.  £06.)    }ty  keeping  vvster  in  t)ie  <:i«t(im, 
■ir  is  cHVrclually  prr«vnwti  i'mm  cnUTing  between  the  pipes  at  tb«  stuffing 
box, «ven  if  it  hie  not  it^rfmlly  U^hX.    A  cup  or  di»h  ibrmed  on  the  upper 
enduf  tlie  cybnjfr  i<j  ttoiiliun  n  htilw  w«i«r  ov(?r  the  vaKe,  would   be  an 
advuilagR  in  ihis  deiKnption  of  pumps,  for  any  defects  in   il   by   which 
tir    ij    admitled     would    hn    fatal,    «•    a    vacuum    could   not   tiien   be 
lOfaied  within  tiie  cylinder,  nnd  of  oniro*-    tK>   wafer    misod    by    it-     Our 
OOnman  pumiM  would  bt*  nlmnitt  umlexs  if  wnter  was  nut  kt-jit.  uvtir  tlie 
i^fclves;  it  IS  lliat  which  rendem  ihem  air  light,  and  contcijupnily  efficietil. 
In iIh!  early  part  nf  that  IBihciMitiiry,  «  new  tntiUKKl  of  exciting  the  pres- 
*urc  of  the  aunospltere  fur  lint  purpoHH'of  raising  water  wtui  ulopled.    Iti 
discorerer  burst  the  fetters  m-iiIi  which  long  established  modes  of  accom- 
plijfaing  this  object  had  embarrassed  common  minds.    Hi;  lell  the  old  track 
entirely,  snd  (he  result  of  his  researches  was  a  philonophical  machine  that 
oears  no  resemblance  to  \l\ame  by  which  ii  was  preceile<!. 

Most  people  are  practically  act^uainled  witli  iht*  principle  of  iho  Cfnlri- 
Jiigai  pump,  via.  that  by  which  a  body  revolving  round  a  ocnlre  tends 
to  rMede  from  it,  atid  with  a  force  proportioned  to  its  velocity:  thus  tuud 
is  thrau-n  from  tl>e  rima  of  carriage  wheels,  when  they  move  rapidly  over 
Wei  roads  ;  a  stone  in  a  sling  darU  off  the  moment  it  is  released  ;  a  bucket 
Qf  water  may  be  whirled  like  a  stone  in  a  elliig  and  the  contents  retained 
e*en  when  the  bottom  is  upward*.  A  sailur  on  ship  board,  or  a  house- 
naid.  dries  a  wet  mop  by  whirling  it  till  the  force  cuoimunicated  to  the 
watery  particles  ©("ereomes  their  adhesion  to  tl>e  woulun  fibres.  Boys 
•DDietimes  stick  pellets  of  tough  clay  to  the  end  of  a  switch  or  flexible  rod, 
and  then  drawing  it  quickly  through  the  air,  the  force  imparted  to  the  balls 

sends  them  to  their  destination.  If  a 
tube  be  substituted  for  the  rod,  and 
the  end  lliat  i*  held  in  the  hand  do* 
sed.  bv  a  flimiiar   movement,  balls 


^^ 


dropped  or  water  poured  into  it, 
would  be  thrown  forward  in  like 
inajiner;  and  if  by  somu  arrange, 
inenl  the  movement  of  th«  tube  was 
made  continuous,  prnjecled  sli-eams 
of  either  bails  or  water  might  be 
rendered  constant:  thi-  centrifugal 
gun  is  a  contrivance  to  accomplish 
the  one — the  centrifugal  pump  the 
other. 

This  pump  generally  consists  of 

tubes,  unitea  in  the  form  of  a  cmm 

Ro.  M.   c<!au%(<ifi  ftimi..  or  letter  T,  placed  perpendicularly 

in  the  water  to  be  raised.  {No.  95.) 
The  lower  end  is  sup|rarted  on  a  pivot ;  perforations  are  made  to  admit 
the  water,  and  ju«t  abovr  tht^m  a  valve  to  retain  it  when  ibe  num'p  w  iwA 
Mr  motJon.     The  eaJa  of  the  transverse  part  are  bent  duwnwai^  VO  ^txa- 


830 


CntirifHgal  Pamp*. 


[Boohn. 


ctnrge  the  water  into  ft  circultr  trough,  over  whidi  they  lura.   To  rW-rr 
it,  the  orifices  may  be  cloaetj  by  lucaely  inserting  a  coi^  into  e^'  . 
then  filling  llie  pumfi  tfaroagh  an  upemng  si  the  tup  which  ta  then  — ^ 
by  a  ncrew  cap.     A  rapid  rotary  niotion  is  imparled  lo  the  nisohttMbyi 
pulley  iixod  on  the  axis  and  driven  by  a  band,  from  a  dntm.  kc.    The 
centrilugal  fnrce  thu3  communicated  to  the  urnter  in  ihe 
arnu  or  tranivcrae  tube,  thrown  it  out;  aiul  tlir  attno- 
sphere  puahes  up  the  perpendicular  one  fresh  portKcs 
to  supply  the  place  of  those  ejected.     These  piinpi  tn 
sometimes  made  with  &  single  lutn  tike  the  letter  I,  m- 
verted;  at  others  quite  a  number  radiate  from  i>'    ' 
rigfaLone.     It  haa  nl.in  been  made  of  a  aeries  <<: 
arrangsd  round  a  veniral  ■■haft  in  tlie  form  of  an  iiivai- 
led  oone.     A  valuable  improvement  was  submitinf  bf 
M.  Jorge  tn  the  French  Academy  in  1816.     It  contMi 
in  imparting  motion  to  the  arms  only,  thus  savine  ilw 
power  consumed  in  muving;  the  upnt;ht  lube,  and  hj 
which  the  latter  can  W  tntitntd  as  circumstances  (V 
cations  may  require. 

A  combination  of  the  centrifnga]  mimp  with  P 
or  Barker's  mill,  was  propoietl  oy  Dr.  West,  which 
aomc  locations  may  be  ado|ili>d  with  advantage.  It  ii« 
plv  a  vertical  shaft  round  wliicb  two  tubes  an:  WO' 
(No.  96)  the  upper  oi>e  is  the  pump;  the  lower  one 
mill.    The  area  of  the  lower  one  should  be  to  that  of 
upper  in  the  inverse  ratio  of  t3ie  perpendicular  hci! 

K<. „m)\.     ana  as  much  more  as  is  necetuuiry  to  overcome  llw 

tion.     The  cup  or  )fa«in  into  which  tlie  stream  (pa 
which  is  LO  be  raised)  ts  directed,  may  be  atta<:h44d  to  th«  shaft  and   4 
with  it,  or  the  latter  may  pass  through  it.     TiUoch's  Phil.  Mag.  vol.  \i- 

The  first  centrifugal  pump  appears  to  l»^:' 
been  invented  by   In.   Le   Demour, 
«ent   a   description   of  it  to   the   Fi 
Academy  in  1732.     (Machines  app. 
Turn,  vt,  n.  9.)     [t  was  merely  a  st 
lube  altacned  in  an  inclined  position 
vertical  axis,  and  whirled    round   by      _^ 
handle — the  tube  was  fastened  by  1^^ 
lures  to  tliree  itrips  of  wood  pro)«< 
from  the  axis,  aa  shown  at  No.  97. 

With  this  pump  we  close  oar 
OD  devices  lor  raising  water  _ 
apbertc  pressure;  more  might  havi^ 
added,  but  as  nearly  all  the  machine*  ^, 
to  be  deacnbed  illustrate  the  tanra  pf* 
ciple,  the  leader  is  referred  to  tbe^fa 
lowing  Booka,  and  particularly  to  ih«^H 

Hsl  tr.  ta  iiiw t  mp.     mospberic  aad  forcing  pumps  aescribo^^ 

the  neat  one. 
[The  Tcsaeli  ander  the  pump  spools  in  Nos.  90,  93  and  94,  arv  Ronr^ 
bronze  buckets  from  Pompoii.f 
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JfACUlNBS  FOR  RAI81NO  WATER  BY  COMPUKSHURi^  lAUEPCND- 
ENTLY  Of  ATMOSPIIRaiC  INFLUENCE. 


CHAPTER    I. 


imtwo  «if  anohiM 


I  IB  Uib  Book— Forelof  Pw«p»-ilnloc)>  bM« 


— niMDry  of  IIm  IhIIow»  tkM  itf  Ibi  |i«aip — Porcine  p<iiii)a  t*  wUirr  l«lby«>~Ttln  BuDov*  «f  •aH41r 
lOTtMi  lirtCll — Tabal  L'ua — JInarkann — ViiUbk  >■  U>  rorR* — tfyfli^n,  Rliidnn,  ••ri  P*ratl«i  blmrlai 
kAw— Pnsilnv  laUast  aT  fulikaullu  ku  B«ib>o — EUallai  lultiuiKiiU  em(-taT*>l  <•>  ■!«(  Iiqiilib  D»- 
«ta»  W  obWa  •  cuMlauow  Ww(— Dvabl*  Ml"**  of  dw  Fniilati  btvlumilbi,  •iUiuiil  ralTW  W^l» 
A»iUr  IhiU»«>— DiMHuOe  ImIIovs  nf  BMltni  E(T|M— D««t>l«  bcUoira  of  Um  MM^in  Eg)|id.—  B<1- 
to«i  I4>naan  in  dui  Blililla  •«•*— Laulnii  IvHoii*  reaaM>H«*M  lit  the  KB*l--0padnMB  IHiM  Aff kok 
— Cm>4  by  iiatrnoi  m  lb«  IMcttof  «(  Africa— 3lml*ni  EmMIU>  MubimllW  Ixlla**— VoIcbii'*  bvUawt 
— 'Varvavw  kJiuliiif  S€Mua  hnlJ***— BrlbnaortiracloKhbckmilharBrirracI  U>  !•  •  pn4kUuB  irf  tba 
tMjihk  amd»— Af  ^tnuon  fil  U>t*r«  teBvn  ■•  fartiac  runpa— 0u<klii«  lod  Amiuf  Mlowt  ponv* 
— HMlfniila^HUcbalUBauf  *iirica<  nilfiii— tlwd  la  lUH  natw— CoaiuuiB  bUckinltha' fcallava  •■• 
plo^ril  u  ftwcuit  pan^v—VtaUUiiMi  af  mi**a 

MACEtiNBS  of  the  third  clus  dcocrilicd  in  tbi«  Book,  &re  such  u  act  by 
comprvHure:  the  wali^r  ia  firat  admiued  into  close  vesieU  and  tbeii  lor- 
dbly  expelled  ihrouc:^  spirrtiirea  msdn  fur  l}iat  purpose.  Th'ia  iseSected 
in  Bomo  oy  comnrt-csing  iJie  vesaeU  thrm*elve«.  as  in  bellows  pumps — lo 
ollwTS  hy  a  soUd  body  impinging  on  the  tuHitioe  of  the  liquid,  &s  in  are  en- 
^Dfs — WNnatiinBfl  B  column  ol'  waiter  is  usod  for  the  same  purpose,  at 
oibcn  ihe  pxpansivo  force  of  compf»r!t*ed  nir.  Of  the  last  two,  Huron's 
fountaia.  air  onginea,  and  soda  Jbunuiitis,  are  examples.  ^Jtrictly  con- 
Bidcrf-d,  these  machme«  hare  nothing  to  do  with  the  pressuri;  of  the  at- 
ttkisphere,  (the  activA  principle  of  thotw  of  the  second  clasd.)  but  in  prac- 
tice it  ia  very  tfeocrslly  employed.  Whfn  liie  working  cylinder  of  a  fbr^ 
cioi^  pump  ii  imnu>r»ed  in  the  water  it  ii  intended  u>  raise,  ur  when  the 
Utter  flows  into  it  hy  (H'livity.  it  is  a  forcin"^  purup  simply;  but  when  the 
eyl'-^'l'"-  >>  •■l<"vat«d  (iftoPf  the  ^mtc^that  i>upplies  it,  and  consequently  is 
ifa.  \  by  atmospheric  preuare,  the   machine  \i  a  compound  one, 

eiiii'L.1.  irir.  ^iic  peculiar  properties  of  both  sucking  and  forcing  pumpe. 
The  lattitr  therefore  differ  from  the  former  in  rabing  water  alrovo  their 
«yUftH«r»;  and  to  elePBtioni  thut  sre  only  limimd  by  the  Mrength  of  their 
maicrials  and  the  power  employed  to  work  ilium.  Thov  have  been  con- 
si.!,  -lime  writnn  a-i  the  oldest  of  all  pumps.  Wc  shall  consider 
thi-  .  <  in  the  order  in  which  we  suppose  they  were  developed. 

■  tinn  haj  eter  subsisted  Iwtwecn  the   forcing  pump 
1.-1  I  ,  »rr  not  only  idenliral  in  principle,  but  every  fbrra 

%,\,  n  l.i-fii  applied  to  ihe   other.     The    bellows,   from   the 

teni  I  :n  empto^^ed  hy  the  negroes  ol  Africu  U)  Uit!   complex 

«»4  etiicHrni  instrument  of  Chins,  aad  the  enormaos  blovrvn^  tn-iuiVtuuA  cJt 
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CHIT  fouodirios,  bu  been  usod  to  nuM  wMtar:  and  «v«nr  nodtficUiaDoTi^ 
pamp,  nol  even  excopling  tlte  »crnw,  han  be«n  appliea  «•  a  bellowt*    A 
sinKuUr  proof  of  the  analogy  bvtwcvii  cb«m  and  of  ihetr  ci>nn«ctu>u  it 
■mciunl  Qmev,  is,  that  JQ  otio  of  tW  earlitnt  acctiuot*  we  bavw  of  iberjif*- 
dCricu/ pump,  (vix,  hy   Vitruvius)   it  was  uhkI  n  a   bellows  "to  luiipl} 
wrind  (o  hydraulic  orgaiia."     And  that  rotary  pump*  ar«  aa  numuiriti*  u 
rotary  bellows,  b  known  to  ov«ry   inocliantc.     Thua,  whil*)  pump*  h 
bwD  used  a»  bellows,  bullowa  havu  bettn  MmplnvtNi  as  puiiijM;  aiid  v* 
d«vice  to  obtain  a  continuous  currvni  of  air  in  the  otvi,  ha*  been  ado] 
to  induce  on  unbroken  siream  of  wati»r  m  ih«  othttr. 

The  history  of  the  bellows  is  alao  chat  of  tb*  pump;  and  if  w«  mistak* 
not  it  oiTords  the  only  Ipgitirnate  source  now  open  iit  which  the  origin  oi 
titc  latter  can  be  sought  fur  wiili  any  proHpect  of  «uccn»s.  Under  thi' 
imprvssion  wc  shall  examintr  Uih  beiluws  of  variouH  pm>pl«,  and  in  doiia£ 
so  the  nrader  will  lind  an  auxiliary,  but  very  unjiorinnL  bmnch  of  (be  atti>~ 
joct,  illustrate<l  at  the  samv  nine,  vu.  tliat  which  rflatuM  tu  r alvkv,  for  lla^ 
bellows  was  probably  the  tirst  instrument  of  which  they  formed  a  par&- 
No  other  machine  e<)ually  ancient  can  be  iiointMj  out  in  which  ihey  wer^^ 
rv<]uired.  In  fine,  the  forcing  pump  is  olivioualy  derivHtl  from  Uw  b«l  — 
ktws,  or  rather  it  is  an  application  of  that  intlruinent  to  blow  water  'yw^M 
stead  of  air — an  application  prolMbly  coeval  with  lu  invention.  M^ 

The  ongin  of  the  arts  is  gennrmlly  connidered  as  a  subject  of  mere  cpa  ■ 
jecture.  Anuquarians  and  nistoriant  despair  of  discovering  any  tiling  tJT 
importance  relating  to  thf  early  history  or  any  of  the  simple  marhtnes.  In 
the  present  case,  however,  there  can  be  no  doubt  that  \}ncjirtl  belluws  wa* 
the  month  ;  and  it  was  the  first  pump  too,  both  atmonphenc  and  forcing. 
Tbe  represonution  of  it  when  employed  a*  a  bellows  was  a  favorite  sub- 
ject with  ancient  statuaries  and  painters.  Pliny  gives  several  examples, 
tad  among  others.  Stipax  the  Cyprian,  who  cut  an  etegaut  figure  of  a 
boy  "roasting  and  frying  meat  at  the  Rre,  puffing  and  blowing  ibeml 
with  hit  mouth  full  of  wind,  to  mako  it  bum."  Anslodides,  waaalaocela- 
bratcd  for  a  painting  of  a  boy,  "blowing  hard  at  the  coals  ;  the  whole  in- 
terior of  the  room  appeared  to  be  illummatad  •Anth  the  fire  thus  urgBd  br 
the  boy's  breath,  ana  also  what  a  mouth  tfau  buy  oiakee."  Uollandl 
Translation. 

That  the  hcUows  is  of  antediluvian  origin,  there  can  be  little  doabb 
tar  neither  Tubal  Cain  n<ir  any  of  hia  pupils  could  have  reduced  aad 
wrought  irom  without  iu  The  tongs,  anvil  anu  haminer  uf  Vulcan,  (or  Tubal 
Cain)  have  come  down  to  our  times,  luid  although  the  particular  form  of 
his  bellows  be  not  ascertained,  that  instrument  is,  we  believe,  as  certainly 
oonriniied  in  use  at  the  present  day.  as  the  toob  jusi  naracd.  Nor  is  there 
any  tlung  incredible  in  such  belief,  for  if  even  the  cununon  opinion,  that 
the  whole  globe  was  ouvelnped  m  the  deluge,  be  true,  Nuah  and  hia  toiu, 
aware  that  the  detttinies  of  their  poetcrity.  so  far  as  regarded  tbe  aru  of 
cirili'zatian,  mun  in  a  great  measure  depend  upon  them,  would  naturally 
secure  the  menus  of  transmitting  to  them  the  knowledge  of  timae  ma- 
ebtnes  thai  reUted  to  metallurgy-,  as  among  the  most  eanniial  of  all.  Of 
those,  the  bellows  was  quite  as  important  as  any  other ;  without  it.  other 
tools  would  have  been  of  little  avail.  Now  if  we  refer  to  oriental  ma- 
chinery, (among  whirh  the  bellows  of  the  son  of  Laioech  is  to  be  fuunJ 
if  at  all.)  we  liiall  lind.  in  accordance  with  iu  eharacieristic  unchangeable- 
ness.  ihni  the  inairumtrnt  now  usej  over  all  Hindustan  and  Asia  in  (fi-nv- 
ral,  and  by  the  modern  Mucksmithsof  Cairo  and  Koscita,  is  identical  uiih 
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thai  with  which  tlie  smJlhs  of  Memphis,  and  TKebea.  and  Heliopolis, 
nr^  thoir  firei,  lictween  three  mnd  four  ihoiuand  ycurs  ago,  and  is  similtr 
(d  ihi>«e  luund  figured  in  the  forges  of  Vulcan  on  ancteni  modals  and 
>cul|>ture«.  Numerous  were  ibe  forma  in  which  th«  bcllowfl  waj  a»cientJy 
aiad«,  but  the  general  features  of  the  one  to  which  wo  allud^,  (ihc  1ant«ro 
baUairs)  hmve  remained  as  unchangeable  an  liiOM  of  blaclumttha  rhcm- 

Strabo  attributed  the  bellows  to  Anacharsia  who  lived  about  600  years 

B.  C-  but  it  is  probable  thai  some  particular  form  of  it  only  waa  intended, 

for  it  It  not  credilile  that  the  Greeks  in  Solon's  time  could  nave  been  i^o- 

r«nl  of  an  iDstrumrnt  t)iat  is  coeval    with   the  knowledge  of  metah ;  and 

without  which  the  frtJi  money  of  Lycurgu*.  two  centiiries  before,  c«iild 

never  have  bct-n  made.     Piiny  (B.  vii,  .56)  attribiitfa  it  witli  greater   pro- 

pri«iy  to  the  Cyclops,  who  arc  supposed   lo   havp   floiiriaheii  before  the 

delu^.     The  prophet  Jeremiah,  who  lived  lon|;  before  Anachar^is,  speaks 

of  it  in  connection   with  metal lurgicnl   operations.       "The   hellowa  are 

baiard,  the  lead  is  ronsumed  of  the  fire,  the   fountler   melteth   In  rain." 

Isaiah,  who  lived  still  earlier,  viz.  in  the  8lh  century  R  0.  alludes  to  the 

bladtsmith's  bellows — "the  smith  that  bloweth  the  coals  in  the  fire."  And 

Job,  nine  or  ten  centuries  before  the  Scythian  philosopher  flounahed, 

speaks  of  "a  fire  not  blown."     The  prophet  Kxekiel  also  speaks  of  the 

blast  fiimace  as  common- — "they  fp^ther  silver,  fuid  brass,  and  iron,  and 

lead,  and  tin,  into  the  midst  of  the  fumaeo,  to  bloK  tMJire  upon  it  to  molt 

it."  xxii,  20.     Homer,  as  might  lie  supposed,  could  not  fully   deacribe 

ti#  Ubors  of  Vulcan,  without  referring  to  this  instrumenL     His  account 

of  the  great  mechanic  at  work,  is  equally  descriptive  of  a  smith  and  bis 

(iMge  of  the  present  day. 

ObtCURt  to  ■nnoku,  bi*  forge*  flnitiiur  rouiul, 
Wbila  bullieii  in  Rwoai  (mm  fire  to  ^ro  ha  daw; 
Aad  puflng  knid,  the  ronrini^  ballow*  tilaw. 


itlsl  a*  the  god  din-cLi,  nun  loud,  aim  luw, 
TbajF  ratio  a  tcmiivat,  or  they  janilv  blow. 

'  aiad.  iTiii.  435.  MS. 
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The  first  approach  mode  to  artificial  bellows  wo*  (be  application  of  a 
reed  or  other  natural  lube,  through  which  to  directastreamof  air  from  the 
iDODth — a  device  that  has  never  passed  into  dciuetude.  Such  was  the  on- 

Sn  of  the  modern  blow-pipe,  an  instrument  originally  deaignrd  to  increase 
e  intensity  of  ordinary  fires,  but  which  subaequently  beaune  (as  the  arts 
were  developed)  indiipensiblo  to  primitive  workers  tri  raetal.  How  long 
blowing  tubes  preceded  ihii  invention  of  other  devices  for  the  *am<?  pur- 
pose is  uncertain;  but  from  the  ftct  that  oriental  jewelers  and  guldgmiths 
ittU  fuse  metal  in  pou  by  them,  it  may  be  inferred  they  were  the  only  in- 
struments in  use  forages,  before  the  bellows  proper  was  known:  a  circum- 
sianee  to  which  their  universal  employment  over  all  Asia  at  tlie  present 
time  may  b«  attributed,  and  the  skilful  management  of  them  by  merhnnica 
there.  As  the  only  contrivance  fnr  urging  fires  in  primitive  times,  m«n 
would  naturally  become  expert  in  using  them.  and.  as  in  all  the  arts  of 
the  East,  ibeir  dexterity  in  ihi-i  reiipeci  would  be  inherited  by  their  chil- 
dren, and  bo  retained  in  connection  witb  their  use,  with  that  tenacity  that 
bis  scarcely  ever  been  known  to  give  up  an  ancient  tool  or  the  ancient 
mode  of  using  it:  henCR  the  paucity  of  their  implement*;  a  file,  a  ham- 
mer, a  pair  of  tonga,  and  a  blowing  tube,  being  in  general  all  that  the 
budget  uf  an  African  or  .Vsiallc  jeweler  contains. 
Am  we  b&vn  given  Sgures  of  aucking  tubes  lo  tUuttitte  X.\»  orviyo  o^ 
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the  ktmoipticric  pamp.  wo  bera  inaert  some  of  blowing  tube*,  utbowug 
Um  incipiuQl  itaUi  of  Uia  forcing  pomp. 


He.  <&.  Cf  ypuu  i 


i»r—4.tta>*.C         Ko.tlt.    Am(mi  EktiOM*  GoUfOHth. 


No.  98,  repr«.«*iits  sn  Egyptia.li  blowinff  a  fire  with  a  reed.  It  U  ttta 
the  puabngi  ta  Beni  HnMiut.  and  ei^tends  back  through  h  period  ofS,Sfit 
yean.  Aotnrding  to  Mr.  WilkMl^,  tlie  Bgure  is  that  of  a  goUfnit^ 
"blowitiK  the  fire  for  mf^lting  the  |^n1d,"  but  from  the  comparative  ^^t^'- 
stxe  of  tbe  veswl,  it  M-ntild  Mtwrn  ntlter  lo  be  a  cauldron  in  which  i 
ticlea  were  ptckleil.  Nn.  99,  i"  the  fi^^re  of  a  goldsmith  cither  »ol.>"-<^ 
orfusini;  meUl  with  the  blow-pipe,  from  the  aculoturca  at  Thcbo^  TI* 
portabtu  fumnce  hu  raiMid  cJieeks  to  confine  and  reflect  the  beaL  Thi 
pipe  is  of  metal  with  th«  nndl  enlarged  and  pointed.* 

Sonoerat,  haA  ^veti  (m  tbo  velio* 
of  illuMrationg  to  bi«  voyages,)  a  pl» 
representing  modem  goldsmitlu  fi 
Hindoston.  frnin  which  the  anwin 
figure  (No.  ion)  ifi  copied.  Ii  vril3 
serve  to  akow.  when  ciiin]inr<-J  rr'i 
the  preceding  cui^,  what 
ges  have  taken  place  in  son 
cal  manipulations  in  ibe  Ka 
very  remote  times.  A  •imilar  I  _ 
in  ShobeTl'a  Hiodo«can.  Tlie 
mode  of  fusing  their  metaU  wupr 
Heed  by  the  ancient  ^\i\  and  «hri 
smiths  of  Mexico  and  Peru.  Ini 
of  bellows,  says  GorcilasKi.  tbe  liB'S 
fl«.]ax  u«JdiMth of  iiuiia-iM  had    blow-pipes    "made    of   c:     ^ 

about  a  yard  tone,  the  ends  of  ^ 
wore  narrow,  that  the  breatli  might  futsi  more  forcibly  by  mcaiu  ot  * 
contmction,  and  as  ihr  fir^-  was  to  be  mora  or  less;  so  accordioglv  !)>■ 
wiei!  i-ight.  ten,  or  tweUf*  of  these  pipes  at  once,  as  the  qoanttty  of  in«' 
did  rtKjgirr."     ( Cntrimontariea  on  I'eni,  p.  69.) 

Th*-  next  «lrp  was  to  apply  a  loarhem  bag  or  sick,  fornied  of  t'l- 
•if  •innMt  mrnnal.  In  one  enil  of  the  tube  {shown  in  No.  ^iO)  as  a  fu"'"_ 
for  tbo  Tnoulh  and  lungs.     The  bag  was  inflated  by  the  act  oi  opening 
or  by  blowing  into  it,  and   its  contents  expelled  by  pressure.     To  •** 
Hooter  swms  to  allude  in  hia  account  of  EUtlue  aeeiiting  Ulyavea : 

'Ilir  »Atmt»r  witid*  in  IraltMre  bs^  to  KnwAd. 

ruinprttMnI  llMiir  (oTtm,  anil  toclml  aidi  mmrjliaf  bloM.  MfR 

■Anrii^nt  hrunin  long*  nr  run'B|M.  ■■■Hilar  lu  \Ymm  in   tlic  cut,  bare   livmi   fnunilj 

*■■" '■ ■'■    'I'--   "ining  ppffomitr-     Crucitito*  MiinilBr  lo  ilianc  uwil  at 

.covered.    Wilkinwo'*  MawiDnoDdCiuunQaariAs 

f    ,■;■.,■     II  .     ■■  :1 


Chap.  1.) 
And  Ovid: 


Origia  ^  (i<  Valve — AfneoR  BeUom, 


K  UrtieM  to  tlvaae*  be  coiuixnnl, 

And  in  n  User'*  utugh  liid"  nncluisi]  h  iriad-     SlA  stv. 
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The  ^ItUmiths*  bellows  of  Borbary  contisCs  of  k  goit'a  skin,  having  a 
reeJ  insertrd  into  it:  'he  holds  the  reed  with  one  hand  and  pressca  the 
bsf  vitb  the  other.'  (Kd.  Encyc.  vol.  iii,  258.)  The  Dsmu-u,  a  tribe  of 
negroes  in  Southern  Africa  mentioned  by  Barrow,  manufacture  copper 
rin^  ice.  from  the  ore.  The  bellows  they  use,  he  observes,  "is  made  of 
ih«  skin  of  a  genubok,  (a  speeiea  of  deer)  converted  into  a  sock,  with  the 
bom  of  the  same  animat  fixed  to  one  end  for  a  pipe." 

8imple  instruments  of  this  description  have  always  been  applied  to 
eje«bqoids.  Small  ones  were  commonly  used  by  ancient  physicians  in 
adrelnistering  enemas;  a  purpose  for  which  they  are  ntill  used.  Large 
OHM  were  recommended  ny  ApoIIodoruB  the  architect,  a  cnntemporary  of 
Pliny  and  Trajan,  as  a  nubfltitme  for  firo  cn|;inca,  when  the  latter  were 
t»tu  bond.  When  the  upper  part  of  a  housu  was  on  fire,  and  no  ma- 
chiae  for  throwing  water  to  bo  procured,  liollow  rcods,  he  observed, 
might  be  fastened  to  leathern  bag^  tilled  with  water,  and  the  liquid  pro- 
jected on  the  Hames  by  compressing  them. 

As  the  current  of  wind  from  a  einglo  sack  or  bag,  necesaanly  ceased 
■tnofl  as  it  was  collapsed,  aomt-  mode  of  runJuring  the  blast  eontiauotu 
wss  desirable  ;  and  in  the  working  of  iron  indiaix^naiblo.  The  most  ob- 
rioai  plan  lo  accomplish  this  was  to  make  use  al  two  bags,  and  to  work 
tkmso  that  one  might  be  inhaJing  tiie  air,  while  the  other  was  expelling 
itp-dnt  is,  as  one  was  distended,  the  utlier  might  be  compressed.  This 
dense  we  shall  find  was  very  early  adopted,  and  by  all  the  nadons  of 
■lUiquiiy,  ^ 

But  by  far  the  maai  imnonant  improvement  on  the  primitive  bellows  or 
bw,  was  the  admission  of  air  by  u  tcparafe  openiitg — a  contrivance  that 
Wio  the  inrcriltim  of  iho  valve,  one  of  the  moat  essential  elements  of 
ij'iiraolic  as  w«Il  an  piu^umatic  machinery.  The  first  approacli  to  the 
ordinary  valve,  was  a  device  that  is  still  common  in  the  bellows  of  some 
African  tribes.  A  bag  formed  of  the  skin  of  a  goat,  has  a  reed  attttched 
to  il  looonvey  the  blast  to  the  fire  ;  and  the  part  which  covered  the  neck 
JirdiB  inimal  is  left  open  for  the  admission  of  air.  This  yM\\A  gatherfdup 
ID  die  hand  when  the  bag  is  comprcMcd,  and  opened  when  it  is  distended. 


H*.  lOL     BaUawi  of  tbr  Pnulah  B]»kmiili(. 

An  im/>rpreHje/rf  npcm  this  primevtl  device  is  exhiWtedVn  xWVcftft'W* 
''tie  Fouiah  btackamitba,  oa  the  western  coasts  of  Atnca..     \x  c-ot\i\»* 
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Ptmitive  BHIttBt  ^  JUna. 
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of  iwo  colftbuhei  coDDccieO  together  by  two  hollow  bunbous  or  rccdi,  i 

iPrtcd  into  tiivir  sides,  aiid  uniteiJ  %\  in  uigle  ui  uotfaor  which  badi  tt>1 

Grv.  w  represenied  in  thu  ti^re.     A  large  opening  is  madt  uq  Utc 

of  each,  and  a  cylindrical  bag  or  tube  made  of  soft  guaU'  «kiiia 

or  otherwise  secured  round  the  edge«.     The  workman  seau  hiuudfi 

the  ground,  aiid  plaoine^  ihc  machino  between  bi^  legtt.  he  ^num  tfaei 

of  thu  bae;*,  and  by  aliernaiely   raising  each  with  the   i>< 

pushing  it  into  the  calabash  wnen  'ioted,  the  air  in  ihi- 

into  Lite  Rre,  and  a  uniform  blast  maintained.    The  nction  la  «cr> 

to  that  of  gathering  in  the  hands  the  lower  edges  of  two  bat  liniogt, 

eoiMtantly  drawing  one  out  and  thrusting  the  other  in. 

The  negroes  of  the  CJohl  Coast  are  represented  to  bare  other  kin^i 
bcllnsv's.     The  principal  tools  of  their  smiths,  are  "a  bard   stone  fiwi 
anvil,  a  pair  oi  tongs  and   a  small  pair  of  bellows,   with   three  or 
pipes,  which  blow  very  strong — an  intention  of  their  own."     Wu  hsra 
DOC  been  able  to  find  any  description   of  these.     See  Grand  GutntMr, 
An.  Guinea ;  and  Histnire  (jener&le.  torn,  v,  214. 

Another  species  eouolly  .limple  but  more  efficient,  is  common  in  Ami 
Africa,  and  also  in  Walinchia,  Greece  and  other  paru  of  Eurapo.  Tbt 
eomrivanco  fnr  admittin"  the  air  is  an  improvement  upon  the  last,  hm  da 
orifice  b  lUll  npuncid  and  closed  hy  the  fingers  of  the  htowcr.  laiusd 
of  the  moutli  of  each  bag  being  drawn  up  m  the  hand,  It  is  strelcbiMl  cut 
in  the  form  of  a  long  sltl;  to  the  tips  of  which  twn  strips  of  wood  v« 
■pweij.  Tbn  inner  aide  of  each  atrip  is  made  straight  and  smooth,  so  tbi 
when  brought  together,  they  form  a  close  joint.  They  are  gnii^  • 
the  middle  uy  iho  workman,  wha  aliemaiely  opens  Uiem  when  he  niss 
the  mouth  to  adtnit  the  atr,  atul  olosos  them  when  he  expela  it. 

No.  102  reprcaenu  the  tv>* 
ant  of  a  Hindoo  bhicksmitbi 
ing  his  fire  with   a   pair  of  i 
instrumenti,     (copied    from 
volume  of  plates  to  Soaner*'" 
Voyages.)    Vrom  an   inspi'cw* 
of  the  figure,  it  will  be  porc^>'** 
that  the  strips  fiicilitiite  th-      ~~' ' 
c{)mpt«saing  each  hag,  hy  t 
tcmling  qiiiio  over  it,  aa  wcl.  s-*"'  '- 
their  stillness:  in    tbeae   resf^ 
they    may   be  cotiwderwd   aiT^ 
nucleus  of  the  lioitrdt  in  the   '^^ 
mon  bellows.     In  thi*  Jerici*^   • 
t-alrv  becomes  further  di'vel^^*'^ 
To   similar    instrumr?nt«, 
Emenon  refers  iji  hta  'Letierj  from  the  Egean.'     The  crew  of  a 
driot  ve.<»Gl  hravini^  taken  her  B^hore  at  Pari>s  to  repair  the  iron   f 
her  rodder,  on  opportunity  occurred  of  examining  their  bellow*.     .M.   ^_^ 
describes  ilicm  as  "a  very  antique  device,"  consisting  of  "  two  »h«»p^^^ 
anited  by  an  iron  pipe  inlnxiiiced   into  the  fin*,   which  were   oIlenK^^ 
dilated   with  air  and   compre.tsed,  by   an   Arab  slave   who  knelt   slr^^ 
tbinn.'*     With  the  exceprinn  nf  their  not  being  made  of  bull's  hide  bu 
sheepskin,  he  obaerves  ihey  would  complrlely  suit  the  description  of 
bellows  given  by  Virgil  in  the  Fourth  (jcorgic.      I?'     ' 
use  t)i(?  saow  kind,  but  made  <kf  bullocks'  hidt-*,  an 
clus  of  bamboD.     The  blower  seats  hiiiutelf  on   the  ^iu.ii,.j   h^x.-^ 
two  bagt,  and  works  them  w^th  hi*  hai\da,  ^ulUn^  up  one  and 
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4ovD  the  other.  (See  a  fieiim  in  D&ris'  kistor^  of  that  islam],  and  also 
is  the  Rj^ater  of  ArU,  vot  i>  300.)  The  dtmuatie  bcllaws  of  Egypt  ii 
vaAt  in  the  same  way.  and  probably  has  alwuye  beon  so  :  to  it.  Job  moM 
likely  alludeil.  (cbap.  xx,  36.)  "TbR  ordinary  hand  bpjlows  now  usod 
&iT  mall  Area  tn  E^nrpt,  (says  Mr.  Wilkinson)  ore  a  sort  of  liae  mado  of 
[b«  tkin  of  a  kid,  with  an  opening  at  one  end  like  tliu  tnoath  ofa  vontmon 
(trpet  hag.  where  the  skin  is  eowod  upon  two  pieces  of  wood;  and  theac 
being  palled  apart  by  the  hands  and  clusod  ugaia.  the  bag  is  preaet'd 
it/m  and  the  air  tbua  forced  through  ihu  pipu  ut  iliu  oibtT  end." 

The  next  improvement  Hcoms  to  have  buuii  that  by  wlucli  ifm  alil  waa 
vnpprwded  by  u  flup  ur  clack,  su  ua  to  be  adf-acting,  ojt  ia  the  ordinary 
Ettrupean  or  Ainvrican  btilluws — iu  other  wurdH  a  valve,  thai  optiiKsl  by 
ikc  prctaure  of  thu  u[niuaplu.Ti'  when  the  bag  vriL8  ra-sed,  and  wbicb  waa 
(dnod  by  its  own  weight  or  by  the  elasticity  of  the  conticed  air.  Among 
llw  inieresiing  discoveries  whicli  recent  oxaniinaiions  of  Kgypuan  monu- 
tauiu  liave  brought  to  light,  figures  of  such  bellows  have  oeen  found 
Kulptured  in  a  tomb  u  Thebes,  which  bears  the  name  of  Thoibmes  UI, 
ooe  ollhe  Pharaohs  who  was  contemporary  with  Moaes.  No.  103  repro- 
KKt  Tour  employed  at  one  fire,  each  pair  beicg  worked  by  the  hondij  and 
ftet  ofa  laborer,  and  in  a  maimer  singularly  ingenious  and  effective;  prov- 
ing thai  the  Cgyptiatvs  of  diose  times  well  knew  huw  to  combine  muscu* 
kr  Mevgy  wiiti  ue  weight  of  the  body  to  produce  a  maximum  elTect. 


Nit.  Itfll.      l.ji;  ;  IMil  Itnlliilli  iiri>:   I'-'i.i    >tl^li"a>r>       :.>>!      I, 

The  bags  were  secured  tn  frames  or  lo  the  grouod,  and  appear  to  have 
W  rings  of  cane  within  them  to  keep  the  leather  extended  m  a  honzontal 
oirnrlinn.  A  »eparate  pipe  proceeded  from  each  ro  the  fire.  The  valves 
ordscks  are  not  sho\Tn  because  being  placed  iindenieatli  they  wore  oot 
at  sight.  In  working  them  a  Inborer  stood  upon  two,  one  under  each 
fcot,  and  taking  two  cords  in  his  hands.  llie  lower  ends  of  which  wofO 
Beciira^il  to  the  top  of  the  bags ;  he  aUeniatety  rested  hia  weight 
apnn  each  to  expel  the  air,  and  inflaled  them  when  exhausted  by  pulling 
the  cords;  thus  the  whole  weight  of  his  body  was  uninterruptedly  em- 
ployed in  cloBing  one  bellows,  while  the  muscular  force  of  his  arms  was 
mcesianUy  engHgr^d  in  opening  nnother.  Wr  question  if  a  more  simple 
snd  efficient  applicnlion  of  httman  effort  ran  be  produced. 

Such  bellowx  were  iiM.-d  in  Egyptian  kitchens,  and  were  indeed  necea- 
sary  when  ihn  missive  cnaldn>ns  and  huge  joints  of  meat  boiled  in  them, 
ue  considered."  The  same  pmrtice  continued  through  the  middle  ages, 
in  Europe,  when  'bellows  blowers'  formed  part  of  (he  establishment  of 
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ro^ftl  kitvhctiB,  and  whow*  duty  it  woa  "to  sec  ibit  noup  when  on  tW  i 
WW  neither  liyrnt   nor  sin«>ked."»     Among  the  relio  th»r  fopinfri; 
longvd  tu  iivy,  tho  ratnoua  £»!  of  Warwick.  >*  a  cauldron  or  kit 
boiler,  made  of  l>oll<nMUl,  which  cuittaiDtt  ISO  ualloiis.  but  %rhu«e 
doca  nol  eqtuti  l\\wx  uf  inon;  oncivat  oiie«>     To  Uiv  uUI  custom  it 
ploying  penxras  cxclasively  al  tlif  belluws,  u  id  the  preceding  cm^ 
gil  ttUuidea  io  the  following  lim?: 

Oiw  klira  dta  lire  luiil  mm  Ilia  hnllowa  lilmtra      Et.  *iii 
Kvcry  HHtdrni  IktIIowb  mnkLT  m'uuM  be  coiivinnid  from  on  inipirr 
of  tlie  hut  ii<;iirL-s,  ihnt  viilvcs  wurr  fimplovi'ii.  attict.-  the  inntnitovnui 
□ot  pi^Misiirlv  \ta\v  uc'lfd  uiUiout  ihirm ;   LuL  nil  doubtn   n.-§prciiiic  >i> 
quftinttutot*  with  ihu  rulvt  in  tliOEU  rcmoti;  il^ps  whun  the  ivulptani  kI 
exeouied,  ia  removed  Ijy  two  other  belloWH  pur(rKyi-d  in  thtr  sane  tunls* 
tnd  shown  iu  Lhe  next  cuL     Tbeso  ditfitr  firom  the  prece<ling  nnA 


perliaiw  intended  to  show  aiioUier  varietur  of  iho  instrument  u  tnsi)"] 
lho«e  time*.     Their  upper  surikt'ei  Beem  to  bavn  b«t>ii  of  wood,  in  t 
centre  of  which,  the  urifices  of  the  valvei  are  di«iinci)y  showii ;  tli«  ^^i 
or  clacks  were  tbereftire  inx'erted,  as  in  our  ordinary  bellows  turatJ 
side  down.     To  persons  not  familiar  w*ilh  the  subject,  this  circum* 
might  excite  Burprise.  but  the  class  to  which  these  belong  have  alnioil 
rmy*  had  the  valve  in  the  Trwrraf'k  board;  and  in  whatever  position i' 
were  used — whcdier  horiiontally  as  in  these  figures,  or  vertically  •*! 
the  next.     In  Ceylon  aod  other  piutaof  the  East  they  are  osed  ««slid' 
in  Ko.  lO-l. 

But  are  not  both  bellows  in  the  last  cut  double-actin)^,  thai  is.  impel 

»ir  from  ibem  both  when  moved  up  as  M-elt  as  when  pushed  down!  F    

the  figures  it  would  seem  that  such  wi?re  intended;  for /««>  ptff»  »«»  *'*?' 
resented  bb  proceeding  fmra  rac-A,  while  one  only  is  ooiinecled  to  tin**". 
No.   103;  and  one  instrumuni   was  deemed  suflicient  to  occupy  on^^   . 
borer — to  this  there  possibly  may  be  an  allusion  in  tho  knots  on  the  ^^^'•, 
of  die  cords,  which,  in  the  hicroglyphicol  language  nf  E^pi  may         J 
nify  the  greater  liability  of  slipping  thi'uugh  t)ie  hands,  in  euhMqo^^ 
of  the  superior  furcc  rviiuirud  to  work  Uiem.     Indeed  Jiftr  different 

lows  are  repm-sontod.     In  No.  103.  two  are  mode  of  sitij^Ie  bo^,  aiHl  ^ 

of  doable  ones,  as  appears  by  the  bonds  around  them:  and  m  No.  . 
one  is  round  like  the  lamurn  bellown,  and  the  other  dhlon^.  Imth  kinds 
which  are  common  at  thin  day  in  the  Esjit ;  and  both,  as  already  i 
marked,  seem  to  bo  double  scune  like  thosi;  of  nur  smiLhs. 

Thia  varioiy  was  prulrably  designedly  intrt>dttced  into  the  scalptur 
aid  in  conveying  u>  [Kislcricy  a  knowledge  of  the  state  of  the  ortA  at 
time  in  Egypt.     The  circum^tooce  is  an  mtereeuni;  one,  and  should  I 
U>  a  more  uiurough  eianiinaiion  of  those  woiiderruj,  tlioM  eternal  race 
of  the  ares  and  oeiences  of  post  ages,  than  has  ever  lieeu  givtm  ihcm ; 
only  ovary  groap  but  every  figure  among  the  tniUioos  iuipruiiud  on 
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m^mhaJaUi  pa^a.  dowrvtiB  nut  mcruly  to  be  scrutinized,  btit  aecantely 
c^ied.  Many  uf  thum  aro  fraught  witJi  inibrinauon  of  the  highest  in- 
icmtU)  the  flrte;  and  whether  thti  mods  uf  hioroglynhical  records  be  evei* 
tUKlentood  or  not.  thvre  is  du  difficulty  in  oomprehending  the  hkml  io- 
UTNting  of  these. 

One  of  the  figures  iu  the  last  illusiration  is  ol>viou»lv  a  niodili<.-ution  of 
At  old  htulem  bvlluws  (so  luiniBd  from  its  ru84^inblancv'  to  lliu  paper 
lunem,  stiU  oofnmoD  in  Egypt:}  thuy  con^i^t  iif  two  ciroukr  btiiLrds 
tiKttd  to  the  ends  of  u  cvlindrical  bu^  uf  tlvxifilf  leatliur.  [ii  llie  ci-nlro 
cfaoe  board  is  an  opening  covered  by  u  Hap  upuniiig  inwards,  and  tii  tho 
Other  the  tuyerv  is  aitachud.  In  wuriun^^  ihcm,  thu  bnard.  throuf^  which 
tiw  air  is  admitted,  is  moved,  and  tlit<  othur  kt-pt  slniionary.  Thoy  aro 
quiw  ofltnmon  to  Asia,  K^'pl,  and  j^onerally  throughout  the  ohnntal 
wiirU;  and  appear  tu  havo  undL-rgonr  tin  changu  whatcvor.  cither  in  their 
tnuerials.  form,  or  mndoa  uf  working  them,  since  tlio  rctnoieHi  times: 
even  working  them  by  tho  fovt,  as  practiced  by  Kgvptians  under  the  Pha- 
ruhi.  is  still  common  at  tbu  native  iron-forges  of  Lcylon.  Dr.  l>ary  in 
laiaecount  of  that  island  has  given  a  figure  of  them,  a  r.opy  of  which  is 
tnwned  in  the  Register  of  Aris  for  l8Kt,  page  £67:  the  rnrda  for  railing 
iken  are  attached  to  an  elastic  stick.  Instead  of  being  faelil  in  the  hands 
IB  in  the  two  last  cuts. 

They  are  used  hy  rtKidem  blackamiths  of  Egypt  tn  a  horizontal  posirioa, 
(u rathe  i>ext  figure)  aiwl  worked  hy  an  uprif^ht  lever,  which  the  assist- 
iMpa&hea  from  and  draws  towards  hin;.  M.  P.  S,  Girsrd  has  given  a 
6gm  and  description  of  them  in  the  Grande  Drjcription,  tnm.  ii,  E.  M. 
[I.61S,  planche  21.  He  observes  thnl.  the  copyierimiths  of  Cairo  ond 
Aleiiadria  use  the  same;  and  fnrThtT  that  they  are  r^immon  in  rhc  intc- 
liorof  Africa:  "leur  forme  e^r  prnliablemeui  tres  ancienno.  II  r^sidic 
ta  cSet  de  quelques  reselgnemens  que  in'ont  doiini^s  dca  tn&rchands  vcnu* 
Wee  W  caravanes  de  Dirfour,  que  des  soufflets  de  la  m^me  forme  sont 
tttuiloy^  par  le»  pvupU's  dw  I'inlerieur  de  VAfriqueJ" 

LiDieni  bellows  were  formerly  common  in  Europe.  They  were  em- 
fJnved  in  old  organs.  So»  L'Art  du  X''acieur  d'Orgues,  Arts  et  Mt^iieres, 
p.  667,  plates  132  and  135,  Sometimes  the  blowers  had  their  feet  fixed 
upon  tfa«  upper  boards,  and  holding  by  a  horizontal  bar  they  inflated  one 
Wlowi  by  raising  one  foot,  and  compressed  the  other  by  pushing  down 
lite  other  fooL  (Encyc.  Aniicj.)  The  scabilla  of  the  Romans  were  smal) 
Mlaws  of  the  same  kind,  one  uf  which  was  attached  to  one  foot  for  the 
puipow  of  beating  time,  and  with  caslaneta  were  used  lo  animate  dancers. 
wenl  are  figured  by  Montfaucon-  Tliti  ancients  varied  the  form  of  the 
Miows  alraofll  infinitely  iii  adapting  them  to  various  purposes.  Some 
*9re  attached  lo  atlars  to  aid  in  the  combustion  of  victims:  one  for  tliiit 
pvpnae  is  represented  on  one  of  the  Hamilton  vases,  Lsintern  bellows 
«vna)so  common  in  Eurofxian  hitufi  furnaces.  No.  10.5  whows  their  np- 
j^ioalion  to  this  purpose,  copied  from  liie  De  Re  Metallica  uf  A^ricola. 
omdar  bollow*,  except  tht;  boards  being  of  an  oblong  form  like  tW  one 
>a  103.  arc  cotnmon  in  Hindustan,  and  worked  by  nttnd  ns  in  the  next 
figuro,  but  without  any  Inme  to  support  thi^m;  the  blower  kneels  and 
*orfcs  them  in  nearly  a  vertical  position.  See  a  figure  in  Shoburl's  Hiu- 
doaUD.  vol.  V.  p.  9. 

The  l«llows  of  Vulcan  wert*  probably  of  the  same  kind.  Thoao  repre- 
■enled  in  toui.  i,  p.  34,  of  Montfaucun'a  Antiquititis,  appear,  from  that 
Mftion  of  them  which  is  sfun  proiL-ciing  from  thu  back  of  the  forge,  to 
lie  identical  with  those  in  No.  105,  and  worktid  in  pte^T^^e\^^  One  t<uiiQ 
pmr.     taphtv  xx,  on  Painiitig,  of  D'Agincourt'a  HUidtv  o?  vW  V\w 
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Arts,  which  cantains  ftume  tUuttretioru  of  tbtt  Eiivtil.  oECCuUnd  id  I 
nni)  AUi  ci-iiiuni>»,  V'ulcco'i  rorge  u  reprvMrilinJ  uuJ  Uio  betkrwi 
behind  il|  •ppu'Bnily  witli  the  luiue  kind  of  inslrtuueai  u  bere 


\^* 


That  Valcan'a  bellows  were  not  permsnem  fixtures  u  those  i 
sffliUia  are,  but  were  simiUr  to  those  figured  stbove,  *pp(^r«  fn>a 
having  lioen  laid  uide  when  not  in  die.  in  commcm  with  other  impl 
of  the  forge  ;  a  practice  usual  at  the  present  time  in  various 
the  east :  and  wo  may  add  that  like  modern  blacksmiths  of  Asia,  Im 
work.  Thus,  when  htii  wife  Chiiris  informed  him  of  the  arrival  of 
at  their  dwelling,  he  replied  ; — 

HoiU.  then.  u»)  hMpiubly  ftpmul  Uw  ttoard 

For  hri  n-t^\«.  while  with  my  tw»i  ijrvputdt 

I  fngr  nra  IteStnm  atid  mt  (duU  ariAe. 

lU  "IHuir.  anil  iiuri  in  htilk  and  hm  wtUi  IdiI. 

JtM«Tui)Iiii<g  JHui  Iiin  iiuiil-*UX'k. 

UpUoriMi  wilL  i>tu»  oil  ]«(■  lurtHijiM  iinil  wtak : 

rini,  from  ibn  ToreB  (liiitiNlr'd  tip  tkrwdttfart 

Hu  tJioiM,  and  bu  looU  eoilneiiaf;  aO, 

li»clnwe<l  ilMint  rBr«rul  in  •  aitiet  dt««t. 

And  when  he  subsequently  returned  to  make  the  armor  whitth 
required  for  her  son,  he 

lo  liM  b«)lowi  cfuiek  repaired, 

Wliidi  tttrniitg  ut  At  fin,  fan  bndc  thiiB  movi.— it.  srm.- 

A  singular  rircamstance  \a  rt^taied  hy  HnrodotUK,  whirh  nh(iu-« 
mne  m»de  of  ohtaininf^a  continiiima  bldAl,  vis.  by  two  brllown,  (ai 
probability  by  \\\<;  some  kind  aa  those  abovK  fi^urr-<l)  wu  cmplo 
btackimitfas  in  ancient  Greece.  The  Lacedi^monianf  having  boen 
edly  defeated  by  ttie  Tegeans,  sent  an  em))auy  tu  thv  Dflphic  oi 
ascertain  the  means  by  which  they  could  ovmVutim  them.  The  1 
assured  tliem  of  succ«>m  if  tbey  recovered  the  )>ody  nf  Orestes,  ) 
of  ARamemnoii,  which  had  been  Huried  several  rimturi**  -  —  — 
Arcadia,  the  land  ot  their  er>emies.  Beine  unabin  tn  di^r 
tboy  »em  0  secottd  time  to  iiKiuirc  concerning  tlie  plac*  oi  tin  ititt 
wheri  tht-y  rRCcinNl  llir  fitllnwiDg  annwi-r- 
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A  plain  widiin  dt'  ArCMlinii 
WWrp  dfMM  vmd»  wiih/i 
U'twir  tiirm  lo  funn  wi''i  ri 
And  ill  bf  other  itU  n-- 
IImI  nnb  conuini  U 


>ri  blow, 
<ii-tlin*pli«t, 


<  <>Im*  immi 
T«k*  hint  Mild  cuaciiici  -.    i  p^<'.i  ilit^n  u  mAiu 

lipl  uf  this,  9t;vcb  wu  again  made  lur  ifaL-  botlj^  without  inter- 

Dil  ut  lut  it  WHS  (liscavurpil  in  &  Hin^ltir  timnuLT.    At  ihe  timv  ft 

iatorcoune  i*xiati.>(l  hulwnen  ihu  Lwo  cuuntrivir,  A  ii|>lirUi)  tiiv- 

ftr,  iiiitiimJ  Liciiah,  )>rini^  in  IV'goa,  huppL-ncil  lu  viiuLuHinitli  m  hii 

n1  u4>M(n>ing  with  porticiilor  curiooily  thu  prucvxs  uf  wuriiiiig  the 

yilh  de«Mcd  friim  )ii«  luhor  and  aJclrcs^cd  liiiii  \liuin  "Simitgor 

Tuu  Mem  to  ulmiru  thn  art  which   vuu  cuiitiifnpluic;  but   liow 

e  WDohi  vour  woDtivr  ba  azciteii.  if  ^uu  knuw  ull  that  I  iiai  ahio 

lioue!     stttc  this  plooe,  m  I  wu  siuking  u  tteii,   I  found  a 

«iibita  long.     I  never  bvliuvud  that  men  were  formerly  of 

utuiona  than  m  prtfiK-nt,  hufwhen  1  0{ieiied  it,  1  discovered  a 

lo  lotifFth  Ut  iha  euifiii — I  correctly  m<*asarvd  it.  niki  pliuutd  U 

md  iu'      liichiu,  afu-r  brrtrtng  this  relation,  w*»  indacud  to 

ihii  might  Im!  thi^  l>ody  of  Ore«t«j,  concerning  which  the 

■poken.      He  was  further  periuadttd,  when  he  recollected 

of  the  amnh  migltt  intiinaic  the  Ctco  mimiLn  the  anvil  and 

ar  tnighl   exprea*  one  form  opposing  another;  the  iron  also, 

beaten,  nii>^ht  iignif^'  ill  succeeding  ilh  rightjv  conceiving  tJiai 

.  iron  operated  to  ihe  irgury  of  mankind.     The   result  provvd 

Ely  of  the   fipoilaA :  the   iiody   wa^   recovered,  and   finally   tho 

ayi  fierodolua,  were  conquered.     Clio,  67,  68. 


^ 


.  IkWIlb  U^uru  ll-H»-  - 


■Ucacion  of  lanlem  bellows  oa  forcing  puRip«  is,  without  doubt, 
uty  :  lh*>ir  adaptation  lo  mite  water  w&a  too  obvious  noi  10 
"  I  perceived,  and  hencc  we  infer  thai  thoy  were  at  Vaat  oc- 
oyed  iur  that  pur|H>*e  by  mosl  of  the  imtlona  of  old.    Buch 
sd  in  old  wnrk»  on  hydraulic* ;  but  as  thej  have  iie\M 
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come  mt"  general  uaiseven  in  modem  lime*,!  fx-'it-ii.''  •.<-••.->.■•  f^i  .if  ( 
previouff  lo  the  art  of  priating,  is  not  to  \)e  <:  ■ 
Orandf  DfKTiptioH  of  Egj/pt,  Jesciibing  ibe  sdn'n^  i>vi<'7»-  <n  !>>■[ 
try,  obserres  : — "  Ces  sortes  <le  souffleta  t}to>em  9mp\oy4t  veiUQdmnin 
dans  le  seixieme  SM^cle  tant  pour  uiimer  le  t'eu  des  forge*  que/'MrMw 
f'cnw,  soit  en  rnre&uit  I'air  soil  «n  le  compnmani ;  ilj  soot  d^ona  (!■■■ 
roiiTruge  de  Kamelli,  ioiuhm*;  en  156S." 

No.  lOG  represent  a  aout)le  laniem  bellowi-punip,  u  used  in  tho  Uth 
century.  Tbe  mode  of  its  operuitm  is  loo  oltvious  lo  roqoirv  douiloJ 
doscription.  As  one  bcliowa  is  dtsiendcJ  b^  workins  the  lever,  tbe  u- 
mo«phen>  dnves  water  up  the  suction-pipe  iuf3  its  cavity;  and  the  utlw 
ui  tfie  same  time  being  camprvgsed,  oxpels  lU  content*  tfaroagb  tbe 
ii«eei)ditig  or  forcing  pipe  :  the  valves  at  the  lower  pan  of  the  laii^r,  utd 
those  over  liie  orifices  of  the  two  branches  of  tbe  »ucuon-pipe  npenipg  inij 
closing,  an  sliown  in  tbe  figure.  There  is  a  piiisp  similar  to  ikii,  W 
geared  in  a  dtlTereiit  manner,  in  Hadiciic's  Tratie  eiemeniaire  dw  rauii- 
n«s,  Papin.  in  a  way  to  raise  water,  which  he  propMeJ  enigmuicalh' 
in  the  Philosophical  Iransactions  in  168.5,  usod  the  lantern  bellows  ui 
foroinw-piiinp.  In  n  solution  by  anotJier  writer,  it  is  said; — "A  T»«*i 
mnde  like  the  body  of  a  pair  of  EndHows.  or  those  puffs  hcrpiofbrv  used  bj 
barbers  being  filled  with  water,  a  piece  of  clocltsvnrk  put  under  ii.BU]r 
produce  the  jcls."  Phil.  Trans.  Abrid^.,  vol.  i.  539.  A  nmilar  tpjJi- 
cation  uf  the  bellows  was  d(?scnbcd  in  Besson's  Theatrr,  in  1519,  iht 
moveable  board  being  impelled  by  a  spring. 

No.  107  19  nikother  example  of  bellows  lurcing-ptimps.  It  eounll 
of  the  frictionlftBS  piston  of  Cro«set  and  Devilli-,  (No.  S3,)  but  without  » 
valve  ;  a  forcing  or  ascending  pipe,  having  in  lower  orifice  cnvered  in  * 
valve,  ■»  uttached  to  tlie  cylinder  below  the  piston,  Punipa  of  this  kind 
have  also  been  made  double  acting,  by  paaaiiig  tlie  piston  rod  tbioagii  a 
stuffing  b*)x  iMi  the  top  of  the  cylinder,  aod  by  a  double  aet  of  viJra 
arranged  as  in  tlie  pump  of  La  Hire. 

Of  late  yoam  machines  like  those  figured  in  tlic  twolut  cnts.  liave  bMO 
reintroduced  into  Europe  and  Uils  txitinlry. 

Although  we  have  nut  heard  uf  any  one  having  niu  out  of  hi*  wits  lor 
joy  at  their  discovery,  like  the  blacksmith  metilioned  by  Cardan,  wo  tia*« 
heard  uf  .lomo  wlio  were  nearly  in  that  predicament  fn>m  dis«p|>ointinm 
in  having  found  themselves  aitlicipated.      A  few  years  ago  tin  ■  -  ■!- 

uounced  in  ihts  city  as  a  new  and  very  importuut  discovery  ;  <i 

gentlemen  allowed  their  names  to  go  akniad  aa  voucher*  of  tJM^tr  origtna* 
lity  ami  superionty  over  the  common  pump. 

The  proofs  of  tbe  antitiuity  of  many  of  our  ordinary'  utensils  are  den*<ed 
from  representations  of  them  on  vases,  candelalira,  and  other  works 
art  that  have  come  down.     Of  t}its,  the  domestic  bellows  is  an  exam; 
the  only  evidence  of  its  having  l>een  known  to  the  Greeks  or 
is  rurnished  by  a  lamp  ;  but  for  the  preservation  of  which,  it  ini,^ 
l>een  deemed  a  modern  invention.     Of  no  other  article  uf  ancieni 
bold  furniture  are  more  specimens  extant  than  uflainps,  and  onia  Ui 
public  and  private   eeoaomv  of  the  ancients  has  been  illuetnUnl    ^  . 
Among  those  in  private  colleciions  and  public  museume,  arv  su«ne 
were   once   suspended   in  temples,  utliers  that  illm:  ■ 

buUs — lliai  decorated  the  bnii(jiii.'ling-ro«mis  of  weal' i 
u  such  as  glimmered   in   ihu   dwellmf.'^  of  plebeiuns  i  ii 
bronxe,  elaborately  wrought  and  enriched,  the  In'ter  ni> 
ware.    The  fertility  of  conception  displayed  m    ' 
Ati  natum  t«Kme  to  have  bwin  ratitacked  tor  >i 
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It  tlw  imaginftdotta  of  die  desigoen  ran  perfectly  wild;  while  many 
in  ib^ir  fomia   and  decoratictna   (>xi^uUitr>ly  cliiuiv,  ntlxri  are  hizarre 
tome  are  obscene.     Thcr«  is  nnc  of  bronze  on  which  nn  in'lividual  is 
7preaente<l  blowitig  the  lUint?  with  his  month,  ax  m  the  act  of  kinilbttg  a 
!',  and  in  another  the  artisL  has  introduced,  an  an  Bppronriatt>  rmbpllish- 
ml.  a  pcT*an  performing  the  same  operation  with  a  pnir  of  l>elloWB,  of 
[precisely  the  aanic  form  aa  those  in  nnr  kitchens.     Ko.  lOb  ia  a  ligure  of 
ihu  Isnip,  front  the  5th  volame  of  Montfaitron's  Antic]uiiie«- 
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An  exaiuple  of  the  application  c^f  such  bellows  as  aimosplienc  pomps 
kaa  already  wen  given,  page  307.  The  adjoming  figure  (Ni>.  109)  itenpied 
frum  Kirchvr's  Mondiu  i^ubtemneu*,  lotn.  i.,  p.  330,  Amsir^i-dam,  lt(G5  : 
it  r«preaenU  two  large  bellowj  employed  ao  luoking  and  Uirtini^  pumps, 
being  worked  by  a  water  wheel,  to  the  axis  ol'  which  ibtt  cironk  repru- 
WDted  was  attached. 

Bellows  like  the  laM  and  worked  in  a  ttrnilar  inuiner,  werv  amnng  an- 
cteni  devices  for  vetirilating  mined  :  iho  various  modev  cf  adiiplin^'  ihem 
to  the  purpose  may  bo  adduced  a*  anixher  example  of  their  nnalugy  u> 
puinpd.  bometiraea  they  were  used  to  force  down  frvali  air  in  auScient 
(]uaotJties  Lo  render  liw  impure  asd  atagnant  atmoaphere  below  respini- 
Uei  at  otlien  they  drew  (he  foul  air  up.  In  the  fint  cum*,  they  were 
placed  near  the  mouth  of  ihe  shaft,  h  pipo  was  aliached  lo  the  noxzle  aod 
continued  down  to  die  place  where  ibe  miners  worked,  and  when  the  bel* 
lows  were  put  in  motion,  currents  of  freah  air  were  supplied.  In  the 
latter  case,  the  pi|>e  was  connected  to  the  opening  in  tlie  under  board,  i.  e. 
tu  the  sipiratini;  valve,  through  which  the  impure  air  was  dmwn,  and 
tfaeu  expelled  out  of  the  nnsRle  ;  but  in  this  case  an  cxjiiring  valve  wsa 
raqnirea  in  ilic  nor.zle,  opening  outwards  to  prevent  air  from  entering 
llirouefa  it  when  the  bellows  were  again  distended.  The  same  result  wns 
^^  Btimes  obtained  ra  the  following  manner  :  An  openiny  vraa  made  and 
•red  by  a  valve  in  the  upper  board  instead  of  thf  lower  one,  and 
whpo  tbe  heltowB- wcrr  distended,  the  impure  uir  nishod  up  die  pipe 
wliicli  was  attarhed  to  the  nosmle,  ami  was  expelled  through  the  opening 
covered  by  the  llap  when  the  beltnwB  were  cki»cd,  Siuveral  figures  re- 
pTc^-xii"^   *!].•■(*•  Hnd  otIiiT  applicatintie  of  liellowa  are  given  by  Agricola. 

'  tia  that  tirafi  fiirnanos  wcrw  probably  invented  early, 

hf.  ■■•    tU.     We  should  suppose  llie  revontc  wm  the  ftct;  for 

tliv  -f*  of  an  artifvcial  blaal  taaul  have  been  obv'\oui  ftTKn  v\t«  fvn\ 


su 


Pi^Um  BrtUtm. 


iBeokiir. 


MM  of  6ra,  tLuA  Mttmfalty  Ind  to  Uw  tuw  of  tbe  month  b>  bluw  it,  tWii  thv 
rtwai,  Bock,  and  ■utwequeuUy  a  >lit  or  valve  in  the  Uitor,  would  folluw  ■■ 
»n  almcMt  neceaiory  «M|uei»c<>;  and  loni;  brforc  llie  uleit  uf  iBcreaaitK;  iki- 
ink^nnity  uf  heat  by  flues  ur  cliunut:y«  could  have  beett  U>ougbl  ol'.  Nu 
natural  uccurrence  coutd  have  led  Lo  tbe  invcntioo  of  theite  bel'ure  ihe 
uther,  iiur  liui  ihcre,  as  yei,  been  found  any  aooouat  Of  rcpreMotaliOs  of 
drall  fumatxB  of  equal  antiquily  with  those  of  b«Uowi. 


CHAPTER    II. 

PimMi  Bnllowt:  Uted  lo  valtt  ijtfuii— Kpfitrcd  on  a  BnJal  of  ValgiidBlaa— Oi^A  ti  i 
Mnr^  bllowi  "t  Mnli|tuu>.  CUum  baUDin:  Arcounl  of  (•»  in  III*  PbiU4»l_ 
■trmitfbiiHi  •  kinialpilf*  uT  IhE  paotp  ■DHisf  Mu  saciritl  fThiaMn  ThicM  !iallo*n  rmMm  M  Aak 
•aBiUBCiUHi  M  lb*  ■Mot-faiMT  ufCtMlbiiM,  Iha  diiiiMr  urii nK  |'mn|>  ol  L«  llirt,  ih«  (jUadrtMlaHMK- 
MflB^Wtf  CMdMllW  ■•'  MktNllat  *iT-pulD|l^  DeaUg  Klinr  brllmi  at  MiBt«i»wi  JHIrfp^ 
IfrnoiWKa  ar  tlM  old  roniiiH  ud  Hriicao  ■■uh*  of  btllmii;  I'kmi- nlwl*M  at*  vT  aimrwf  latw  w 
|iroti(  uf  UiU — t,»mmi>\ot  frnm  A>WIK  c-iki  Mil  nhai  loullu — Htl«i»  ffiirlinfiii  Hiihbii  Viili^t 
Kilatai  Iw'llu  *  t-iminiM  .  Mootaf  ifijianiiia  of  (In  mlula — Eltphani — Ru»  *b4  rlMccU  of  IMfl^  Mt- 
«»b— JuiaUlar  bh— Llaaa— 4pHiUa|  Huiko— l-^iorraT— B«»— TW  hMti  uf  nu  uri  Mlwili  ff»Mj 
bosaahat*!  ■  lliknf  r>uaip:  WDB:danflriu  mwlianliai,  ui  o<ih>  ■! utsitva  n#  it*  DiotMai  n^ ■KHtMli 
— JUtailatm  uf  ttuilyiaf  lU*  rmcIibbWdi  of  anlmalt. 

TilR  I>flli)WA  dri<cnheil  in  ihe  U«l  chapter  are  all  fonaad  of  leather  or 
itkinit,  and  are  obvtniis  modifi(»tlions  of  the  primitjva  bag  or  tack ;  the 
wooden  emU  of  iionM>  of  them  being  adopted  meraly  to  beilhate  dwir 
distenskui  ami  collapiioft.     From  the  simpbcity  of  their  ooietmolion  end 

general  eBkiuQcy  they  drill  rniaiii  » 
place  in  our  workshops  aod  dwelt- 
ingB,  and  are  to  no  danger  of  being 
replaced  by  andam  MtbnsnUM : 
but  the  ingeouity  oraocwni  l>e)lovr» 
makers  ww  mx  vxliausteH  on  \hem, 
for  diey  bad  oiiiuiB.  diAering  buA 
in  fonn,  tnoieriiila  and  motle  of 
tion;  viz:  patom  Mlom:  mochii 
idcndral  witli  cylindrical 
iiunjps.  At  whiu  dme  theM 
anx  deviaed  we  have  no  neoouM ; 
but  as  they  are  described  by  Vitra- 
viuB,  in  Itis  occuum  of  hydmnlic  nr- 
^iis,  without  the  sli^tent  Jodina- 
tion  of  liiMr  bving  tDen  of  reef«iit 
date,  tliey  may  mely  he  oleued 
■moiie  those  invcntiona,  tbe  origin 
of  which  i»  too  ntmnte  to  be  di*- 
covered. 

No.  L 10  roprvMnts  a  person ' 
iug  two  of  them  lo  supply  wind  ' 
a  water  organ,  from  Barhtro't  V!> 
truriua,  Venice.  1667.  TbeyiMntl^. 
Mtsiirially  the  sanM  aa  thoee  figun»d 
by  Perrault  and  Newton  in  their 
tnoslatioti*,  afhi   by  Kircher  in  W»»  MusuTf^  V^mw«mKu..  \ysih.  *'a,%n.<^ 
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The  blower,  by  altsmucly  nisiog  one  piaton  ami  doprefiaiog  the  other, 
pmnped  lur  into  a  litrgD  tvssrvoir :  ihu  waa  lui  »pcii  vosael  invcrKxl 
into  another  coaUioiiLi^  water,  and  lu  iba  air  uxumulaxed  in  the  lc)nner, 
the  hquid  waa  graJoatly  displaucd  and  mae  in  the  laitiH',  ba  id  a  goa 
holder.  It  was  the  caiutanc  praa»uro  oxoruid  by  this  dtapliiced  water 
that  luvod  the  air  thrtjuc^h  the  cnpoa  of  the  or^on,  whcnuvcr  ihn  v-alvcs  tor 
its  admission  wt*r«  o{)cDfd,  THb  quretian,  purhupa  may  be  askMl.  Why 
fltd  the  nniricnt^  prvfer  theac  hollows  in  ihirir  orf^ns  tn  those  fonncil  nf 
leuher  aad  boards,  such  aa  are  fieurod  at  Noo.  IClfi.  108,  109  T  Proba' 
becaoaa  the  preanire  required  to  be  ovunconii:-  in  foruin;;  air  mxc  \)\e  re 
▼oirs  w»9  greater  than  ihi-  iomi  and  nuiiL-riuJa  of  the  lanir  t-ould  sail 
bear.  It  is  very  obviomi  from  lliu  brief  d(-»criplion  of  tlie  piston  If  Ilo' 
nf  ihff  llnmana,  that  iJicy  wert-  cakidiited  to  pniducc  nmrh  ^tmnj^er  hlsdrs 
than  could  lir  obtaiucid  from  thastf  mode  of  Icatlicr.  V'itruWuH  infbmiB  ui 
that  the  cylinders  and  viilvpa  wen-  toadc  of  brau,  aiid  the  pisinns  were 
aeeuratety  funtd  and  covcn-'d  {or  packed)  with  atrips  of  unAhom  sheep- 
ekioa.     Theyaeom  to  have  been  perfect  ciiudi-neing'air-pumpa. 

A  Sfcure  of  an  anctont  hydnubr.  urgun  u  preaerved  on  a  medal  of  Val- 
entinian :  twn  men,  one  nn  euch  Ride,  are  nrpreaimted  aa  pumnh^g  and 
liaaning  lo  tla  inusir.  Thia  mcdHl  ia  cn^ivcd  in  the  third  Toitine  nf 
Mont&aooa's  Anci(|uilie!<,  (platp  36.)  but  the  piauin  mds  only  are  in  mffbt ; 
the  top  of  liie  i^Undars  \imag  level  with  the  baao  on  which  tke  blowers 
stan«l. 

Aa  pistiin  bellow«  were  known  in  the  old  world,  it  migltt  tie  ^-uppoeed 
thev  would  Rtill  be  employed  in  tbooL-  [laru  uf  ihe  Euai  where  tfie  arts 
and  rualonia  of  fonner  a^ea  have  been  more  or  leas  religioui>lv  ralained. 
Sueh  ia  the  fact ;  for  like  other  dcviiva  of  unriciii  coinnion  life,  ihey  am 
used  by  sevenU  of  the  half  civilized  tribes  ofAaia  uiid  Afrifn — |H!o 
aiDong  whom  wc  are  sure  tn  meet  with  numeroui^  pniiiitive  ctmtriv: 
embiHlied  lu  the  same  rode  forms  imd  materials  aa  rhey  were  -bef< 
G^reciaii  taste  or  Horaan  akil!  iiupmvod  litem.  It  is  chiefly  lo  llie 
cidental  obaervaOona  of  a  few  travelers  that  we  are  imlebicd  for  a  know- 
ledge of  these  implements  in  modern  daya;  buL  when  th^  times  arrive 
for  voyagea  of  discovery  to  be  underlaketi  for  the  purpose  of  describing 
the*  inachiuea,  manafartarea  and  domestic  uleusils  of  the  varioua  nation* 
of  Hhe  cartlji  (undeitakini^a  of  equal  imporiiinco  with  any  otlicr.)  these 
bellowa  end  their  numerous  mndificaiions  will  fumiab  matcnals  (or  a  chap- 
ter in  the  history  of  the  useful  arts  that  will  be  replete  with  intercatili^ 
information.  As  they  ore  clearly  ideuiified  with  the  forcing-pump,  an 
aecijuni  of  some  of  them  will  not  be  out  of  place. 

Dumpier  thus  de^eribcs  the  bellows  used  by  the  blackamiths  of  Mil^ 
Atmao.  '■  They  are  made  of  a  wooden  cylinder,  the  trunk  of  a  tree,  about 
three  feet  lon^,  bored  hollow  like  a  pump,  and  «ct  apright  on  the  ground; 
uo  which  tlie  ^re  itaelf  la  mode.  Near  the  lower  end  tlicrc  ia  a  »mall  hol4 
in  tJio  side  of  the  trunk  next  the  fire  made  to  receive  a  pip*  '•  tbroogh 
^rbicb  the  wtnd  ia  driven  to  the  lire  by  a  ^eat  bnnch  ot  fine  feathers, 
(hateiied  lo  one  end  nfa  stick.  whJrh  cloaine  up  the  inside  of  the  cylinder, 
drives  rhc  air  out  of  the  cylinder  throu^  the  pipe.  Two  of  these  tmnks, 
nr  cylinders,  are  placed  so  ni^b  together,  t)ra.T  a  man  standing  betweea 
tbem  may  work  iJiem  both  at  once,  one  with  each  hand."*  Here  we  have 
both  the  single  and  double  chatnbcrrd  fnrcinQ;-pump;  and  although  Dam- 
pier  baa  not  noticed  the  valvca.  the  instruments  were  certainly  tumiBbod 
-with  them,  or  with  «omc  contrivanee  analogous  to  them,  but  being  out  of 
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sijitit.  went  \ti(\  unnntituid  h^-  that  uitelligcnt  MJlor.  'Duj  ballown  of  J 

ffOMar,  iayt  SntuinrU,  "  i*  cnmimiun]  oi   the   boUaw  iruiitui  of  two 

lied  tOjKi^tb^r.     hi  tHr  iu>tl«>iii  llu>m  axv  nro  iron  funncU.  mmI  m  Hoe  tniij 

dI'  eucli  trunk  tr  iturker  furtiuOieil  witli  ntHSa.,  wliich  -.      i 

ItiW.   TtiH  iipur(>titii::«,  wlios<!  bu9Uti!4!«  l(  U>  lit  Uar  iK- 

»ink*uiic  (it'tlir  >ucker>  while  he  nuM*>  th<*  otlicr.""     £<;iiu]ai 

tLTV  ntui  uiu?iJ  in  min-IUug  irtiti  lu  \rrll  as  in  i'ur^tut;  it.     In  tlir  i. 

of  Klli«*ii  "  llutury  ut*  !Vlntlk^pi>tar,"  Lun.  L838,  \\\vrt  is  n  ryjirf«riiii 

uTlwd  nieti  rt^duciii}^  iixm  un?  by  utetULt  nf  fuur  [it»bin  bifllovrt,      ^t».  1| 


^^ 
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B&  111.     PJM0*  B*ll»»t  xf  VU>]i4*-<-u< 

The  ftirnace  is  described  m  n  itK^rp  hole  dug  in  Um  around,  liood  widi 
rnd(!  ainnework  and  plnabM^tl  with  clay.  It  wu  Riled  with  altamtW 
layers  of  chnrcnal  finn  nrp,  and  covprrd  by  a  cnnicnl  roof  of  cUv.  u  ttmll 
opening  being  left  u  rho  apex.  The  beUnwn  were  formi'd  of  the  trunks 
of  trer-v  mhI  alnod  fivr  fri-t  itbciTf  the  gmiiiul,  in  which  they  were  firmlj 
injlxylded.  The  lower  ewU  were  rlo*ed  "  nir  tiglit,"  and  a  gbort  bunboo 
tiibfl  conTftyed  the  wind  from  each  to  the  fire,  aa  represented-  "  A 
WKt  of  pisrx>n  is  fittet]  to  ea<-.h  of  tlie  eylindeni,  and  tnc  apporalus  for  i 
ing  the  wind  ift  romplete."  An  no  mention  ts  niRde  of  valves  oar  uf 
oiwuinpj*  thn>Mgh  whlrh  iiir  entered  the  cylinders,  il  U  probable  that 
1111100.4  witM'  perforated  for  that  pury>o«ie,  and  the  passam^s  cuvered 
flap*  or  valve*  operrint;  downward*,  a  deviee  which  Uie  artifii^rr* 
Mftilrtspuear  tiri!  ari)aiiinied  witli.  See  Ko.  114.  TIr-m  beMp 
varinua  MxeM,  tbinigh  ijenrtrally  from  4  to  6  iiichea  in  dinmcter  .  , 

only  l)lll^  U  n.■^<^^^,  but  il  •!•  ib'-ii  maile  of  hir)(pr  dimensiont^ 
MtaniU  and  workit  it  vr\\\\  both  hi*  lianda.   Tu  do  it  cuiivem 
hiuuelf  im  «  h^nk  "f  e-u-fh.    The  bollown  are  nul  nlwaya  |>crpetuHc 
but  am  in<:liiu^d  ax  Ki^urcd  in  tht!  bock  ground  of  tlie'CUl. 


'  Sotinara'a  VvfafH,  iit.  30. 
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The  blaciumiilis  of  /ara  lue  the  swoe  kind.     Rallies,  to  hu  Huuny  of 
tiw  blftnd,  fS  Tot  193.)  after  qaouiig  Oanipicr's  iie«*npuou  of  the  Iwl- 
krars  of   MiodaniLo,  observ^es   nis   account    "exactly  corfespnndi)"    uHib 
diu  of  Jftva.  "Tbe  blacksiniLhs'  bellows  of  Sumafra,"  aays  Mr.  Marsjeu, 
"  u«  thus  coQsiracted  :  two  bajobuos   of  about  four  uicbes  diitmtiier  ontl 
five   feet    in   leog^,   stiad  perpfudioularly  nca-r    the    fire,  open  at   [he 
upper  eod  and  stopped  below.     About  an  inch  or  two  from  the  bnttota  a 
small  joint  of  bunboa  is  tneertad  into  each,  which  servo  as  nozzles,  point' 
ing  to  and  meeung  at  the  tire.     To   produce  a.  sireain  of  air,  bunches  of 
feiuliers,  or  other  soft  subsunce,  nrc  worked  up  luid  down  in  ilie  upright 
tabes  like  th«>  piston  of  a  pump.     'ITieHe,  wht-n  pushed  downwards,  force 
the  air  throui;h  the   smnll   lionzoiilal   tubes ;  and   by  raising  and  siaking 
•ItamiLCelv.  a  conlinuaJ  current  r>f  nir   is  kcjrt   np."*     The   BoMite 
d«m  Qse  the  same  kind  of  bellows.^     Th«  tniirbs  of  Bali  have  tbem 
isn  :    "  their   instninxmu  ar<'   frw   imii    simple,  their  forge    small,  and 
A.Ttn-ked  by  s  pair  of  upn^c  Ixrllxwn,  such   as  w«  find   describc^l  in  Raf- 
fles' JavA.  '*     They  are  not  rimtim-d  to  »i>iitherii  Ama  and  the  Kthiopian 
ATrhipelauu,  but  are  used  in  contment:iJ  Africa.     "  The  bellows  of  tbe 
negn>  artihcen  on  the  (Jamlma,  are  n  thick  retfd  oca  hollow  pirce  nf  wnod, 
tn  which   i«   pot  a  stick  wound  almut  wilii  leatkerst  [>  piston,]  which  by 
movttte  of  the  stick,  m)Lk^«  tJie  uHnd."'' 

WitnoQt  entennjT  into  ihti  controversy  rMpocbng  the  origin  of  wooden 
bellows,  it  may  be  inferre<t  from  the  precetung  extracts,  that  such  }mve 
been  in  use  &om  remoie  timrfs ;  Hiiil  that  the  cylindrical  forcing- pump,  so 
fiu-  as  regards  the  principle  <if  im  »<TiHtru('Ui>ii,  in  r-t^uallv  aiiciifiit:  of  this, 
the  inHtnunent  now  lo  be  deM^rilxHi,  atfonU  HunthiT  iiidicat-icm.  It  is  the 
bellows  of  the  moot  numeruu»  unri  mi:)iit  nin^rulHr  of  nil  t^xiKiiiig  people^ 
a  [MHiple,  the  wisdnm  of  whose  govemmetil  liiu  prcKi-rvcd  llictm  lu  n  iia- 
tiOH,  iJirough  periods  of  time  unexampled  in  llie  hixtory  of  tlie  world,  and 
which  still  preaerret  ihein  amidst  the  prostration  by  European  cupidity  of 
oearly  all  the  aauoDS  around  tJiutn ;  a  puoplo.  too.  who  nutwitiisLanaine 
all  that  our  vanhy  may  tuggeet  to  depreciate,  have  lurnishod  evidence  of 
IB  excellence  in  some  of  ihe  arts  that  iievur  has  becti  i-urpasEcd.  The 
CUnesr,  like  the  aocieni  Ej^yplinus,  whom  they  greatly  rifscmblL-,  liavu 
been  the  insintctors  of  Europvims  in  suvltuI  of  the  useful  aru ;  but  the  pu- 
pils, like  the  Greeks  of  old,  nave  often  refused  lo  acknowledge  the  Nource 
whence  many  inventions  possessed  by  ihem  were  derived,  but  have 
claimed  them  as  their  own :  of  the  truth  of  this  i-emark,  wo  need  only 
mention  printing,  the  nartmer't  ct^mpatt,  and  g»n}>oiiv1er. 

In  the  bellows  of  the  Chinese,  we  perceive  llie  oharactcrattc  ingenuity 
ud  originality  of  th^t  people's  inventions.  A  de«ciipiionand  figure  of  ihetr 
bellows  were  pnbliflhed  in  Lomdon,  1767,  by  Mr.  Cfhambers,  in  a  work  en- 
titled "  Designs  of  Chinese  Buildings,  Fumliure,  Uresiea,  Machines  and 
Utensils,  from  drawings  made  in  Cl^ina."  The  following  ncconnt  from 
the  fourth  volorae  of  the  "  Chinese  Repository,"  a  very  inleresiing  work 
published  at  Canton  in  China,  ia  Kubsui  ntially  the  same.  "  The  pellows 
used  by  them  is  very  aptly  called  *  FvHg  S^ng,  *  wind  box,*  and  is 
contained  in  an  oblong  box  about  two  feet  lonCi  ten  inches  high,  and  six 
inches  wide.  These  dimensions,  however,  var^'  according  to  the  whim  of 
tbe  maker,  and  they  occur  from  eig/H  inches,  to  four  feet  or  more  in  length, 
and  so  of  the  width  and  height.  The  annexed  profile  view  will  give 
•ome  idea  of  the  principle  upon  which  it  is  conEimcted." 

•  IJiKaTy  of  Bninatra.  p.  191,     ■•  Dnnipit>r'>i  VovB^w,  i.  1W.    ■  CbllNim  tU6<(WVnrs* 
iv,  *>5.     'Ojrji»7's  Africa,  ton.  1670.  p.  3aR, 
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"  A,  D,  C,  D,  ts  1  Ifox  diirulvd  inui  two  chunbcin  nt  Uu  linn  O  It 

tfau  uf>|Mr  ouc  it  dio  itUiunU.  vvliicli  U  muvmd  backwATtls  m 
b^  toviuu  uf  Uic  liiiatUaf  mutcbcU  to  it ;  and  ia  nuulc  lo  ht 

xnmittft  of  Ir-nthi^r  < 
The  lid  oi'  Uie  b<*r^ 
upon  the  lop,  Uid  it  tuil- 
cirnlly  (Kick  in  altjiu  ihr 
workiTtnn  tu  titliot  ii}>'»  a 
Ai  F  J  are  two  totH 
boleA  each  covered  witi  * 
valvu ;  and  Jiut  txtb* 
tbem,  ut  O  II  iti  tiiL-  liin- 
aion  of  liio  Iwro  cbiunlwrt,  arc  larger  hoIoM,  for  tiu:  onCrance  ot'  tlir 
wiiiil  iuto  tli«  lower  chtunlwr.  This  pan  of  tlie  1m.-Uum'>  u  mod**  uf  ■ 
thick  rilaiik,  hollowi-d  into  no  ovoid  t'onn,  and  is  Bimiii  an  inrb  thick. 
7*be  cl&ji|M;r  U  is  tiu>t«ti(<d  lo  tbo  bitclt  vide  uT  the  Ivox,  and  playi  bin- 
iiontall;  ugiiiut  thv  two  stops  pliuiad  near  Out  mouth  L  It  u  suck  u 
high  «s  iJie  chamber,  luid  wocn  foroed  o^iist  Qto  «iop,  il  entirelv  -i  ■— 
the  passage  of  air  he^^ond.  Whoa  the  piiLun  ii  fi>w»d  inward*,  "<■ 
Bented  in  the  cut,  thv  vidve  u,  F  is  closed,  and  tbat  at  J  ia  opet)(.'>i  -. 
t]jii»  the  iip[*cr  chtutiWr  ie  cotuumtJy  filled  with  nir.  The  wind  dri 
into  tliB  lower  chamber  by  iJic  piston  urgee  tlic  clapppr  (.• 
■  stop,  and  is  coiuequeiitlv  (breed  om  at  the  cuuulji.  The  •upBiim  ■ 
lemjpted,  but  mn  equablu,  though  in  iho  larEv  one*  the  iii>  : 
perceived.  An  iron  tube  is  Huruetimes  ailuuied  to  the  j:- 
(n  the  furnace,  «nd  In  otlior  cajses  the  mouth  iuvlf  is  innile  oiinm." 
Chinese  generally-  usi;  thenj  in  uii  mclinvd  or  horizontal  [Kwinon,  frmjoei 
raaking  use  of  ihe  uppi!r  sidi;  us  a  work  bench.  In  the  figun?  (and 
one  given  hy  Chninbeiti)  two  rodx  mv  conuocied  to  the  pi»ton  lu  pre 
it  Irom  springing  wht<n  UKcd :  this  unpcam  to  lie  the  pr>u:tire  wilb  regud 
lo  thoM)  of  large  diineitfion*.  Iti  stuuU  nnt-s  u  tangle  rod  it  sonurliuies 
and  llw  chamt*er  is  cvUiidncal.  In  ihe  collection  of  M.  Hprtin,  (•  V 
minislor  and  tecretiuy  o(  etatc  in  the  fortoor  port  of  ihe  last  cv 
which  oonlained  "  about  400  original  drawings,  made  at  Hek:ii.  of 
arts  mnI  manulacliures  of  China  "  a  portalih*  wid  *vtgl*-^Kfyyf  bell' 
represented  as  in  the  next  figure." 

"  Tbit  utfLtmuent 
mad*     like    a    box 
which    il   a    pisiau, 
MMutmctcd   that  w| 
tc  is  drawn  out  bet 
the  varunin  whi( 
cauii'iis  in  thr  hm 
ihft  air  -  tI 


^^•^ 


Ha.  lis.    Clli»M.B(D|l*n«llo«i.a^TW»r. 

cbe  air  Ix  forved  out  by  thu  opposite  extrainity.' 


tmp.-ft;  ■ 

Ut'  '•!! 

«  -'  c\ 

fixed:  and  whtrn 
Inn  rctnrus  in  an  iiit 
dirvctinQ,     the     mt 
fvalv«]  nlosesk 
Nuvarettc  pnilei 
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Chtp.  S.)  Otimme  Beltowt  m  tJU  Piili^phia  MMumm.  U9 

ChiiMue  bellows  id  the  Eitropeon  ooe,  lie  said  it  vnu  mon  coniinodioiui 
vul  vffic!i.<iii>  It  lit  employed  to  some  exiem  in  Jnvo.  having-  b«eii  idItv- 
Jnroil  Cn-in  Chiun.* 

SiiWf  ilio  pn><«ding  remarks  were  -wrilien.  wo  have  exaniiiH'd  two 
bcUuw«  iroia  Ch'lua,  in  the  splendid  "  ChineEe  CollectJon"  ia  Philadelpbis. 
OtiP  of  ibem  betongcd  w  s  traveling  blacksmith.  It  is  famted  of  a  cyliD- 
ifainl  Joini  of  bamboo,  H^  feet  in  lennh.  and  betwoen  Kve  and  tax  incheg 
ifiiiiiuutr.  The  piston  rod  is  a  wire  ^  or  g  of  eui  inch  thick,  with  a  small 
eintet  liamllf*.  Air  is  admitted  tlirougb  a  cluster  of  live  or  ax  small  hole* 
Hi  Fueli  eiid,  wbii^h  are  covered  in  the  iitaicl»  bv  paper  flaps :  these  are  the 
wtucbon  valrcf,  marked  J  F  in  Ho.  li'<i.  Along  one  side  of  the  bellowa 
I  Nrip  of  wood  2}  inches  wide  and  1^  thick,  i§  secured  by  what  appears 
to  be  eiffht  nnall  thumb  screws,  and  the  junciion  made  tight  by  cement  or 
wax;  ibis  projectiRg  piece  resembles  those  on  ihe  sides  of  high  premtue 
nun-eDgioe  cylinders,  and  is  intended  for  a  eomewbal  simitar  puruuHu,  its 
bneiior  being  nollowed  into  a  passage  fur  the  wind  when  expelled  by  the 
piXAB  &om  either  end  nf  the  cylinder.  A  short  metallic  tube  convcVB 
the  viix)  from  the  middle  of  this  piece  to  the  furnace  as  m  No.  112.  Tob 
nukof  the  bellows  are  secured  from  splitting  by  two  thin  and  uarrow 
troQ  hoops,  and  a<  one  place  a  small  clamp  is  driven  across  a  crack,  aa  u 
KnoetimeB  practiced  in  mending  wooden  bowls.  l*be  instrument  rciiem- 
bltt  ilie  one  in  the  last  ligure,  but  is  double  acting:  die  figure  of  t]i«  artist 
accompaiiying  it  ia  seatea  on  the  ground  and  works  it  with  one  hand  wbilo 
be  utimdt  the  fire  with  the  other. 

Thm  other  bellows  oonsiets  of  a  long  box  like  the  one  figured  at  No.  112. 

rnm  the  circumstance  of  its  not  being  confined  in  a  glass  case,  and  per- 

Buaon  to  examine  its  interior  having  iieen  politely  accorded,  we  had  on 

(^tnminity  of  ascertaining  tame  particulars  that  ore  not  mentioned  in  any 

paUiMbed  account  of  these   instrnmenis  that  bos  fallen  in  our  way.     It  H 

twea'.y-iwo  inohce  long,  eeven  deep,  luid  five  wido^  made  of  thm  boards 

of  1  species  of  fir  and  extremely  light :  the  ftides  and  ends  am  dovetailed 

logvther ;  and  the  bottom  appi'arpd  to  be  inu^ndcd  to  slide  over  the  aides, 

IiaTiug  stripii  projecting  from  il  and  no  pins  or  noils  visible  ;  this  arrauge- 

■Nnn  enables  a  person  to  exnznine  the  iiltcrior.  and  to  replace  or  rwpair  tlie 

TiIwB,  Ik.  with  great  facility.    The  boards  of  which  the  machine  w  made 

■w  of  a  uniform  thickness  (about  ^  of  an  inch)  except  the  top.  which  is 

H  uiebes.     The  reason  for  this  extra  ihickncs*  wns  pprceived  as  soon  as 

«w»  removed,  (it  was  secnred  to  the  sides  and  ends  by  long  wnodcn 

piWi)  for  a  deep  and  wide  ertKive  is  made  through  iw  wlmlw  lengtli  with 

the  exoepnon  of  }  of  an  inen  at  each  end,  nnd  at  the  middle  of  rhc  groove 

^pmage  is  c^ii  at  right  angles  to  it  through  one  »ide  for  the  air  in  pa«8 

■WOdw  tnyere.     Upon  the  removal  of  this  thick  rover,  the  inside  of  the 

Was  not  exposed,  for  anoiher  thin  one  wn*  found  inserted  within  the 

and  flnsh  with  their  eJgf?,     This  was  a  board  slipped  between  the 

and  resting  upon  the  upper  edge  of  the  piston,  having  two  openings, 

at  ear.h  end,  whirh  eoincidcd  with  the  groove  in  the  onirr  cover,  (the 

aoer  cover  id  reprcecMnl   by  the  line  H  O  in  No.  112 ;)  hence   the  wind 

it  driven  by  the  pinion  alternately  through  each  opening  imo  the  groove, 

and  by  the  anion  of  the  valve  in  the  middle  of  the  latter,  is  impelled 

to  paas  into  the  nivcre.     This  i-alve  is  mprespiited  at  G  in  No.  112, 

sad  from  an  inspenion  of  rhat  cut,  it  will   bn  apparent  that  some  contri- 

of  the  kind  is  absoliiielv  necessary,  in  order  to  prevent  die  wind 

(breed  from  one  end  of  the  bellows,  from  pa-t^ing  along  the  groove 
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intu  i)i4  udicr  vml :  ii  cutu^Uu  ot'a  uiirrovpieca  of  hart)  wood  '  '  ' 
depth  UK  tilt'  {,'riM)vu,  aud  of  ■  Wii^ih  that  mdier  cxccpd>  ii 
tlie  gnwvf.     A  hole  is  drilled  Uiruugh  oiii:  end  luiJ  a  piii  dn- 
11  tiiui  thv  solid  pan.  v(  tliu   covur,  so  Utat  it  lumi!  fni'l^v  on   ' 
elo«»  (uid  oputis  n  paisirage  tor  tliu  escape  ol'ihi;  wind  iiiu>  liv 
if  driveu  by  tiio  wmd  al  every  strulut  of  thv  |)istaii  &gm.iit>^L  ti 
ehosk  of  tAC  groove,  snd  diua  pr^vcnbt  t)io  w'uul  from  pait-iuQ^  into  tW 
odier  ettd  oPUifl  cylindrr,  aa  ftbown  iii  G  in  No.  112.  U  is  iiur|msiug  1x7* 
ewily  this  vaJve  pla^B  ■lUioug-li  itc  upper  and  low«r  edges  rub  a^iiM  dm 
sartncae  of  Oit:  rwo  covurs — &  trifling  movement  of  im  piibDn  drim  it 
n^nsi  ib<3  chcuk,  mni  ooeusiani  a  snapping  sound  •omewbni  bkr  thai 
from  tlio  ctmtacl  of  motsl. 

When  tlio  inner  cover  wu  raised  out  of  iu  place,  llw  pUtoo  and  ituim- 
tion  valvu«  u-ure  vxpiecd   lo  view,  and   the  simplicity  and  dHeieniv  -^ 
iheu!  piirti!  wure  iii  tiet^piiig  wiili  the  rvst  i  the  two  valves  aru  mt-n:  ik:>] 
of  paper,  glued  aX    rhcir  hietr  edgirs  to  the  under  cidu  of  tliu  ii]H-!tiu|:s, 
and  hence  mevstnnd  nearly  pertMMidicular,  instead  of  being  ■iii^perideO  fnnn 
slMve;  the  slightei^t  impulse  of  air  closed   them.     The  piMnn   if  half  v 
inch  thiok,  but  is  reduced  at  the  edges  to  u  quarter  of  one  ;  it  apprnn  b 
Ih^  fortned  of  two  thin  pieces  *irhieh,  united,  are  equal  in  thickoesa  l^  uat 
mentioned :  and  hriwcen  ihem  nre  in9crt«<d  two  smaTI  sheets  of  lnodl*m*^!^ 
Btiff  paper,  which  project  an   inch  over   every  aide.     The  pan  tii 
jcots   is  folded   nt   ihe  comers  und  turned  over  the  edges  of  the  p 
one  sheet  being  turned  one  Wiiy,  .iiid  the  other  the  contrarr,  »o  th«: 
the  piston  is  moviv),  the  air  presses  the  paper  against  the  sides  of  th. 
lows  and  rendenpi  the  piston   perfectly  tight,  on  the  snme  principle  as  ihr 
double  cupped  leathers  of  fire-engines  and  other  fercing-puiups :  -!■-*)  »i 
the  same  time  without  any  perceptible  increase  of  friction.     The  ti.> 
ton  rods  are  half  inch  Mjuare.  and  work  through  holes  in  ot>c  end  ut  lur 
ha*  without  any  stuffing-box.     The  whole  machine  ta  of  wood,  exwpt 
the  pftper  for  the  pi.4toT)  nnd  valves.     Although  the  instrument  sppt-an  tu 
be  a  rectungtilar  hox,  it  is  nnt  exactly  so,  the  bottom  being  a  little  wida 
than  ihe  inp. 

It  would  he  superfluous  to  point  out  the  application  of  piston  h«>llo^ 
raise  water,  sinro  they  are  perfect  models  of  our  atmospheric  • 
pumps.  Why.  then,  it  may  Kc  a«hcd  are  wA  (ho  ChincM!  (!■■ 
possesaion  of  the  laner  !  In  reply  to  this  question.  Jl  may  be  oVi»tt-rved  :  I: 
That  fniiii  our  iiiijurrl'm  knowledge  of  the  people,  il  is  not  e«^rtain  tlut 
such  marhines  have  mn  hern,  and  an'  not  imed  to  a  litnilivl  »'Xt«'nt  in  thr 
interior  nf  ihiit  grewt  empire.  2.  That  custom,  and  probably  eii]x'ric»e», 
have  induced  them,  in  common  with  other  niuions  of  llie  Orinnul  worU, 
to  give  the  preference  to  more  simple  devices— to  their  chain  pump,  bun* 
boo  wheel,  iec...  a  preference  which  we  know  is  in  some  instatwe*  based 
on  solid  grounds:  for  example,  tho  nhoin  pump  «s  used  by  tliem, 
more  water  with  the  same  amount  of  labor,  than  any  almo^plifrir  or 
ing-jniinp,  if  placed  und»T  the  iwmr  circutnutonc-em  And  it*  Pt  the  m 
or  ImmlxH)  wheel,  which  driven  by  a  current,  raises  wati^r  night  und 
and  from  20  to  50  feet,  we  «r<-  told  that  it  an*wor»  thi-  pur|w>»e  "as 
pleiely  a»  the  moM  cnmplirated  Ivuropean  machine  could  do:  '">d  I 
answer  for  it  [oavx  Van  Rraam]  that  it  does  not  occojiion  at.  • 
ten  linlUnt."  3,  A  circumsunncc  connectod  with  one  of  •hrtr  w 
OS  moilerii  iirt>nir  reprf«.>fit.-ittnns,  »how«  that  wh*ni  tl 
of  water  in  refpiin-d,  their  !irti*t»  an*  at  no  low  for  di' 
that,  too,  under  very  unuaual  <-irt:uniJitain;<;s.  One  of  ititf  pantomiutea 
ionn*d  t    pHkin  it  the  "  Mamagf  of  ih^   S*o   trith   tkf    J^nA" 
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luinr  iliviiiity  ntnrlf-  n  dinplny  of  hi*  weidtli  «tul  prodaetjom,  stich  w  dm* 

Ifori*,   <*lcjili3uibi,   b^vm,  i<iii;tr'<<,  i»tnr1icN,  rli<-»tniit    nnd    pinat    Itx'cm,   Stc, 

Vht'  t^aH,  on   till'  ulliLT  )iiuk1,  coUi'Clfd  whtilcM,  do]phin«,  porpuiitus  luid 

ntbor  Mpa  mf)nslr/s,  togethcT  with  ahipn,  nx-ka,  »hel];>,  &r.,  "  tdl  tlii'*r  ob- 

_)eet«  wrvre  rcprcHcnted   hy  pcrrfnrmera  conccal<rd  undii-  clolbfl,  and  who 

pWv'Nl  tkcir  paru  tidmir«}:ily.     The  two  as3emIilafl;C9  of  [iroaluctioiiit,  tcr- 

roatrtal  and  maritid,  made  ihc  Tiiur  of  the  stage,  mid  thm  npeni-d  right  and 

I*ft   lo  li»iive  MMiin  for  an   immense  whole,  which   placi-o  ila*>lf  directly 

bt'furc    lh<'   «-inporar,  and    tpouud  out   trvrrai  kogthtiult    of'  nviirr,  whicJi 

iiiutidttlcrd  ihf  spectators  who  wcrt-  in  the  pit.'''     An  lioih  tlie  wuLtrr  aiid 

ffirciiii;  apfMratuii  wore  coulatnod  wiliin   tho  tDoviDg  fi^n>,  we  otii  oidy 

iniat<i»*  the  jela  to  have  been    produced   by  means  of  jiiatoti  or  lictlowa 

HirciDpf-puraps,  or  »ometliit;^  unalogous  to  them— or  by  air  condeiuied  in 

erne  or  more  vessels  con  In  iiung  water,  like  soda  fnunlaius.     4,  If  Ohii>eao 

lada  never  discovered  a  ■iiurco  of  nmws«;ii:eiit  in  the  applicAtion  of  tlieir 

bellows  (some  nf  which    are    only  eight  iacj^m  long)  ft*  w^uirls  or  putnna, 

tht-y  must  differ  e.isentially  from  lads  of  other  iiationa — a  jMSsition  that  lew 

jadg»ii  oi'  hiunan  nature  would  admit.     Boys  are  die  same  in  all  ogea,  aod 

the    inischievoui   yoangslers   of  the    Celestial    Kmpire    liave  doubdew 

o^pn  derived  as   mnch   pleaauro  from  anno<(-tng  one  uiother  with  water 

cjeoted  from  these  rmplemenia,  a«  those   of  Korope   and  this  country  do 

Wttfa  vimilar  devices.     Sach   an   Hpplication  of  them  waa  sure  to  be  found 

ont  by  lioys,  if  hy  no  one  else.      Whether  tho  bellows-pump  originated 

in  this   milliner  or  not,  may  be  unctrnain,  but   several  uselbl   discoveries 

bave  been  brooght  to  light  in  much   the  samr  way  :  it  was  a  yoDth  who 

twanged  the  wbole  character  of  the  steam-cn^mr,  by  gi%-ing  it  that  featm^ 

upon  Avhich  its  geneml  atihty  depends— his  ingirnuity,  stimulated  hy  a 

loTe  of  piay,  rendered  it  self-anting. 

Tile  antiipiitv  "f  tbe  Cbirw^e  bellows  is  a  subject  of  mitch  interest.  It 
rmv  have  hvsn  the  insimmenl  which  Anachantis  ititroduord  into  Greece,  it 
having,  perliaps,  been  employed  by  bis  coiintryiiwn,  the  anoient  Scythians, 
M  vrell  as  by  thi>tr  descendjints,  uie  modem  Turturs.  If  it  h&s  been  in 
osp,  as  snppost^^d,  from  timet  anterior  to  Gn'trian  and  Kumon  eras,  tho 
origin  of  the  pump  in  thtr  second  century  B.  C.  can  hardly  be  sustained; 
fbr^rhvn  the  indnctitm  va|vt!«  of  one  of  tliesir  bvlluws  aru  placed  in  wBter, 
(as  wv  supponn  ha»  occasionally  lieen  done  ever  since  itit  invoncion,]  it  is 
tWn  thv  "  waltrr  forciT"  of  Clesibius  ;  and  if  pipes  Iw^  connrcted  to  F  and 
J,  (Vo.  \\2.)  and  thtnr  orifices  placed  in  a  iit^iiid,  ilit?  Hp|>unitti8  becomes 
tlw  doubW  acting  pump  of  Lii  Hire.  Hut  what  may  be  aiirjirising  to  some 
pcnaos.  its  coDsiruction  is  ideiilicul  with  tliut  of  the  »leaoi-i-Dgine  ;  for  lot 
It  be  funiished  'witli  u  crank  uud  fly  wlievl  to  regulate  lliu  luovcmcnts  of 
ita  piston,  and  with  apparatus  to  open  and  <:\viv  ixs  viilves,  ihen  admit 
■earn  through  its  aoxzle,  aud  it  become!  tliv  double  acting  engine  of  iloul- 
lon  and  Watt.  Again,  connect  its  induction  orifices  to  a  reL-eiver,  and  it 
beoomes  an  exhausting  air-pump;  apply  its  uozzle  to  the  tHitic  vcsfiul,  and 
it  is  a  ooadercfing  one.  Tnc  most  purfuct  blowing  lofichiiie,  and  the  cAff 
^amm  of  mod"m  muditicadrrns  of  ttie  piunp.  are  also  il«  fac-siiniles. 

It  would  vem  iliai  (iiu  Chinese  have  other  kinds  of  bellows,  or  diffui^ 
ant  awdes  of  workinu*  ibtuc.  Bell,  in  his  account  ofUte  Russian  omhoeBy 
tn  ITSD,  says  that  he  was  lodgvd  In  »  village  twelve  miles  from  Pckin  in 
ft  eunk's  huuse.  which  gave  him  ild  op[>i>rtuiiiiy  of  observing  the  cusuxoa  of 
the  neoplr  eren  on  trilling  occosioru :  "  Mv  landlord,"  he  observes,  "  be- 
ing m  bts  shop!  Ipttid  him  a  visit,  where  1  found  «x  kettles  placed  in  • 
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mw  oil  fHritaces,  b'tiiag'  a  stt|ninb*  opeuio^  uad«r  etch  ftf  thvm  I 
oaviiiu  the  fu«!l,  wliJch   coiuiKii-d  uf  »  few  unnll   siicfci   u»l 
iupmumg  a  fhmg,  tie  )jlew  a  pair  ol'  belJowe  u-hit^h  mal^'  iii<  Mil 
boQ  ill  \  very  kliort  titira."'    Like  oilier  Asindc«,  ibo  Cii^ 

hly  «  %'uneti^  of  tlie«e  uutruiueuu.     The  vitn,  or  wtii.; »   -ui 

woich  vr«  have  revetved  from  tliem,  is  a  roUtrif  bellows.     See  pt)[t1 
of  iliis  volume. 

Vuioiu  rotary  bellowa  are  deeaibed  b/  A^ticoU,  u  eioployvd  mi 
▼otUiUDon  of  mines,  aod  worked  by  man  with  craalta.  and  in  nor  is 
by  a   horBu   [reading  on  the  pcnjihery  i>f  a   wheoL*     Rolar^'   14gi 
nwcbiupR  have  been  rDpre»cnwd  as  of  more  receot  origin,  bui 
tQ  proWbility  of  great  anduuitj'.     The  Spaniards  inu-oduced 
Peru  as  eariv  as  1515,  to  reduce  die  silver  ores,  but  ihev  were  »oon  i 
doned."     For  roiaiT  puinps,  we  a  subsequent  chapter  of  iliis  l^xA 

We  are  iodebtea  lor  some  intercsdug  uiibrmaonn  regpectii, 
variotts  islanders  of  the  Indian  ocean  to  Mr.  Wjlbani  Clark 
phia,  who.  (wsidi-'8  spcndinir  several  years  in  wliaiing  voy- 
twu  yiKirs  in  ritiutliem  AlHca.  The  vessel  to  which  he  waj  lUt 
iog  on  one  occasion  looched  an  ihe  coaat  of  MadaensfaLr,  won:  ptin* 
amiclu  wore  fooDd  uaiog  bellows  that  exciied  particular  aitendnn; 
were  cylindrical,  bcia^  tbrroed  of  bored  logs,  ochera  wen;  siguarv  tnuJ 
five  ur  six  iu<.-hes  in  dumeicr,  and  about  five  feet  long ;  but  ih>!  iv<3i 
conetractiiin  of  both  waa  the  same.  The  ship's  carpenter  was  ppnmtM 
to  open  one.  It  was  corapMcd  uf  fttur  plaiiks  thai  bad  \ieen  split  fn«> 
treofl,  the  iu^dcs  shaved  smooth  and  straight,  uikI  the  whole  put  io^<W 
with  wowlcn  pins  instead  of  nails  or  scrtrws.  It  was  dividod  mio 
parts  by  a  partiuun  or  disk,  which  was  pcnnitncntly  secured  in  ii«  p^ 
(shown  ut  A  in  the  uuiuxcd  cut,)  whi.-n;,  like  a  piston,  it 

entire  S{)aix'  ucruss.  On  une  aid*  of  ii'>' 
oppiKitiC  diu  udgu  of  A,  an  opening  wiu>  u 
the  inscnii>n  of  cb«  tubo  O  thai  convr-yrd  ih 
to  the  iire,  the  edge  ufAat  tliis  p(a4:e  hfint;  tVaiWc 
ed,  and  a  small   projcctinf;  pi».H-c   a<ldL-d  ii}  it.  n 
order  1u  din>t-l  the  carreiit  of  air  from  inther  iM 
of  the  partiuon  iiitu  C.     An  opening  wiu  n>-><V<D 
the  centre  of  A.  through  which  a  emm*\\. 
rod  B,  played ;  two  pistotu  or  boards.  P  ! 
rately  btt<.-d  to  work  in  the  irutik,  were 
nn  oppniito  sides  of  tlte  partition  to  B;  l\> 
tonn  WL-n>  ncrtomtcd,  and  the  openings  cq\  < 
flapti  or  valvi;s  like  those  of  n  onmtnon  \iv.\ 
but  the  upper  one  was  sttmrfd  to  thi-  tin 
of  die  piiitnn  as  shown  in  the  figure 
rested  on  four  shon,  pieces  of  woixl  :■ 
In  Bfimfi,  holes  wore  inadi-  at  thr  IdWfi 
the  itdmission  of  air.     Tltes*;  btUnwK  wcr.         .^ 
fimi  double  acting,  and  consequrntly  one  of 
was  equal  in  its  effects  to  two  of  those  rvpt 
at  No.  1 1 1.  whifh  drive  the  air  out  only  i 
«reni  of  the  pistnn,  when^as  rht'ju-  fi-r,  .-.1  \t' 
fire  lK>th  on  njHTending  and   di* 
when  the  blower  mi.ted  ihe  rod  li.  . 
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thi'  trunk  was  expellnl  thivHi^h  C ;  U  the  same  time  tbe  fiiu>  aftfae  opper 
pijtnn  wns  »p«uc(l  l)jr  Us  owd  weight  atid  the  air  passing  inroiifHi  it,  and 
Oh  the-  dfact-'nt  iil'  B  aJI  the  air  in  ihc  upper  part  ca  ibe  tntnk  waa  lorreil 
into  the  firu  iu  like  manner;  benoe  an  unintcrnipted,  thnugb  ttot  on  of^uable 
blast  of  wind  was  kept  np.  Tbe  whole  nppuratus  was  of  wood  except 
the  daps,  which  wcru  pienu  of  green  bide  rendered  pliable  by  working 
than  m  the  hands  i  and  iimy  were  pn.'voni«d  fnun  o)>cmn^  inu  br  by 
aarrow  alip*  of  the  some  mali-rial  pegged  over  ihem.  I'herL-  vrus  no 
paalung  U)  the  pisums,  hui  tliey  wen;  movud  with  irrettt  rapidity. 

Tbeau  btillows  ore  diflun-nt  from  Uiose  deafribod  by  Dampicr,  Sonnermt 
md  £>llis.  Hd  lueJ  iu  the  nuul-  igliuui ;  bui  tliey  itervu  lu  ciirrobofsta  a  ro- 
auric  that  has  bevii  lusdu  by  Aeveral  Intvulers,  viz:  iliat  ihv  nefrroi-s  af 
Afiic-A  ure  iu  po«MMiua  of  •  ^rrai  varieiy  of  LimstT  iniflruiiM.-nls.  Tbe  ona 
kbovo  clotcribed  ija  fine  apeouQeu  uf  tbuir  iu-^i-nuiiy,  i'ur  ihen-  caiibu  little 
doabt  thai  it  ii;  uri^iual  with  tfaeio — it  evidently  in  tiul  deri^'ed  iVum  the 
double  acting  bulIow»orChiiui,norcaoit  have  bvuo  procured  fruin  Kunipc, 
■iflcc  aotliing  ufiJic  kind  bait,  we  Iwbcve,  arer  been  uaed  tlteru.  U  is  the 
flnlv  bellows  thai  wu  buve  met  witli  buviug  vajveii  in  the  piatuiw. 

U  need  hartlly  be  obaerved  that  double /wiwyM  have  been  niiule  uii  tbe 
nine  priuciple.  Tbere  in  uite  tiered  bv  Belidor  in  tlie  second  volume  of 
bid  Archite<;lure  Hydruulitiue,  wliicb  diflertt  irvui  the  abuve  figure  only  in 
having  iwu  «liort  piaton  rod*  ceuiiected  together  by  a  frame  on  the  outaide 
of  the  cylinder,  iuxtead  of  one  lone  one  working  ilirough  the  disk. 

No  stronger  proufH  could  poeaibTy  be  uddue»i  of  the  aoaJoey  beiween 
pqmpfl  uud  uellowj,  tbuii  what  tbe  figurei  in  tlus  aad  the  preceouDg  chapter 
tffirrxl. 

While  engaged  on  thb  pan  of  the  subject  we  were  ioduoed  to  refer 
•^un  to  the  aceounts  of  the  old  Mexicans  and  Peruvians,  in  bope;^  oi'  tind- 
ing  Mune  iudic&nona  of  the  pump  in  the  instnimentA  employed  tu  urge  air 
iaiothoir  furnaces;  but,  strange  as  it  will  appear  to  mo«ieni  mechanics,  they 
■R  wjd  lo  have  been  whoUv  ignorant  of  the  bellows.  TbLs,  if  true,  is  a 
vny  singular  fact;  and,  considering  the  extent  to  wbich  thrv  practiced  the 
IIU  of  metallurgy,  one  that  is  uncKumplcd  in  the  hlMory  oi'the  world.  It 
Hipearf,  moreover,  irreconcilable  with  the  opinion  of  their  oriental  origin; 
nr  it  is  difficult  to  conceive  how  cmigrantfl  or  descendants  of  emigrants 
from  Asia,  could  have  been  ignorant  of  this  simple  mstrumcnt  whicli  has 
lecB  Dsed  in  one  form  or  anotbcr  on  that  continent  Jrom  ibe  earliest  times, 
ni  which  is  still  employed  by  the  rudest  tribes  tbi^re.  and  aI»o  in  ikll  tbo«e 
iwti  vlience  the  caHy  reriivtans  arc  supposed  to  have  come.  The  bet- 
Iiwb  is  common  almost  as  the  hummer,  from  the  peninsular  of  MaUoca  to 
ihu  of  Kompschatka,  and  from  the  Phitlippiiie  islands  to  iho«e  of  Japan. 
U  Africa,  too.  it  is  used  tn  CTeat  variety  omi  by  ponple  whose  progress  in 
tW  vt«  is  far  b(>hind  that  of  tbe  ancient  8mithi<  '>t  America. 

How  little  is  known  respecting  the  mechanic&l  implement?  of  Mexican 
wd  PeraviKii  workmen  and  of  tlieir  pt^cesses,  and  yet  hut  three  oeniuries 
•nva  elapsed  since  the  latter  were  in  fall  operation  !  We  are  not  aww 
"Manigle  tool  has  been  pn^scrvod,  much  le^j*  their  mndci  of  manufac- 
'on;  nor  is  this  mnch  to  hi'  wonderctl  at  when  the  ripint  that  animated 
'■' ttW)uerorfl  is  considered — it  waa  the  acqtiitiiiinn  ol  gold,  not  the  tools 
m  or  maimer  of  working  it,  that  they  had  in  view ;  and  bod  it  not  been 
wihe  prodigious  amount  of  bullion  which  they  found  worked  into  va- 
f)M(  figiires  itA  aU'msils,  we  sliould  scarcely  have  ever  heard  of  the  Utter; 
*^jfet  the  workmanship  en  some  of  them,  exceeded  the  value  of  the  mctaL 
Th«  there  ore  errors  in  thv  'iccoumn  of  early  writers  on  the  arts  a&d  w^ 
pvius  of  aid  Americati  meciuuiica  is  uuquestioQabie.  knA  unijo^  "Qhetti 
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tniy  be  mentioDett  that  which  conBnod  tlic  tnairri«l«  of  their  cunng 
KrumenU  to  ob«idian  uml  otht.T  elutura;  whcmu  it  i*  now  critiiii 
Utey  had  chiseU,  8te.  of  bronsu  or  iiUoys  of  copper  uul  tin ;  luid  probsbljF 
of  R  Mimilar  voinpoHtion  id  tho«e  of  Egyptian  workmeu.     As  for  uelknn, 
it  wu  no  easy  task  (nuppositie  it  tisd  been  unclertiiketi  hy  the  oUl  haw- 
liuu  of  Mexico  aiul  P«rti)  to  Jetcnnine  positirety  tkat  they  were  mdhtaa 
tbraughom  ihouc  tixieniive  coimtne«.     To  aMertain  what  toiiU  weretoi 
were  not  u»ecl,  required  wmething  more  than  a  mperficinl  knuwletlfp; 
the  people.     Beibre  a  mranger  could  speak  decidedly  <>ii  ihe  tul^ect 
bellow's,  it  was  necessary  Uiai  he  shutild  become  fainitiur  with  their 
of  working  the  metals,  uy  frequently  viitiitng  them  iii  their  vvurksliotw 
dwellings;  aud.  irom  an  titdmate  knowledge  uftbetr  language,  making  ttt- 
qiiiries  respc<:tiiig  ilie  tools  and  details  of  th*:  {irocesies  auopled  by  artism 
of  distant  tribes:  for  bellows  might  be  tuie<l  to  a  liuiitutl  extent  ia  om 
coumry,  and  (from  variety  in  the  ore*,  articles  Duinufwtujvd  ur  ruMwai 
of  wontmen)  not  at  all  in  another.     Out  Uiere  does  not  appear  to  htrt 
been  any  eflbrts   made  to  collect   inrurniiition  uf  this  kino   \iy    the  coo- 
querors — its  valae  was  not  appreciated  by  them  or  by  their  immrdiste 
BQCcesBors,  and  hence  tho  opportunity  was  neglected  and  co<dd  never  he 
recalled;  for  other  himoriiin:*  agree  \\'itb  ClavigLTo,  Oiai  the   wooderfiil 
arts  of  the  Mexican  and  Peruvian  founders  wen*   louu  fvtt,  "  by  ibe  de- 
basement of  tlie  Indians  and  the  indolent  neglect  of  ibe  Spaniards."  Eveo 
Garcilasso.  utthougii  a  native  Indian,  by  liis  modier's  bide,  does  not  teem 
to  have  possessed  any  parttciilar  knowledge  on  the  subject  of  working  tb^ 
metals:  be  derived  his  information  &om  Acosta,  to  wbuee  work  be  refer* 
bis  readers. 

But  what  ai-e  the  proofs  tliat  bellowb  were  unknown  to  the  aabjecu  oT 
MancoCapec  and  Moiezuma  t  The  prmripal  one  is  derived  frona  thi 
fusing  metals  without  them :  they  kept  thetr  lurnaces  tn  bla«i.  it  is  alled|_ 
by  the  breath  of  ii  number  of  men  who  blew  on  tbe  fires  through  tubes 
bsmboo.  Thai  ibis  was  often  pr»;ticed  there  is  no  doubt,  and  that  h  w 
tbe  general  custom  is  adinitu^ ;  but  it  does  not  therefore  follow  that  ihejr 
bad  no  contrivances  lor  nrt>dncing  artifit^iul  blasts :  this  will  ap|>car  (ram 
tfaeprvedce  of  oriental  gold  and  silver  smiths,  both  of  ancient  und  modem 
tinHs.  TbefUstonofgolu  and  silver  with  blowing  tulMis  is  a  devtec  of  reosaia 
antiquity-,  and  likr>  all  ancient  customs  relating  to  the  useful  arts,  it  is  attll 
practiced  by  tlie  Hindoos,  Malays.  Ceylonese,  Pennans  and  other  Ashuiet : 
and  also  by  E^-ptivis  and  numeroui  Airicsn  tribes.  The  gotdsnudia  of 
Sumatnt,  Mr.  nlarsden  olMH!rves,  "in  general  use  lU  ftciBoiew,  nut  blow  tba 
fire  with  their  mouths  through  a  joint  of  bnmboo ;  and  if  tlie  qnantiiy  of 
metal  tn  b*'  melted  is  considerabli?,  three  or  four  [wrsotis  sit  mund  tbe  fbr- 
nace,  which  is  an  old  broken  Itita/i,  or  iron  pot,  and  blow  togetber:  at 
Fadang  alone,  whore  the  manufacture  is  more  roiunderahle,  tbey  have 
adopted  tbe  Chinese  bellow's."*  We  have  abeady  descrilH>d  the  nngle 
and  also  a  double  acting  bellows  of  these  people;  berides  which  they  have 
that  of  China,  and  yet  it  seents  tbat  all  the  workiiig  goldnniihs  of  the  cotm- 
try,  except  chose  of  a  single  town,  still  melt  tbeir  metal  an  tlie  Mexicaaa 
and  the  Peruvians  did  ;  hence  the  mere  Gut  of  tbe  old  smiths  of  these  em- 
dnems  using  blowpipes  to  ftue  metal,  is  no  more  a  proof  of  tbnr  ignO* 
rnnce  of  bellows,  than  the  like  pracdeo  is  of  modifm  Asiatics  being  alao 
ignonam  of  them. 

Nothing  H  easier  than  to  err  respecting  a  knowledge  of  bellowa  In  tor- 
mer  limes,  by  infereixwa  drawn  fnun  the  use  of  blowpipes.    In  the  okleM 
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nmnumenU  of  Egypt  (thoso  of  Beni  Hassan)  the  latter  are  repreaenteci  in 
ihe  texnaie  ogfl  of  Osirtnsen,  1700  B.  O.  M-btuh  to  a  auperticiiU  ohaenror 
migkt  teafl  to  the  suppootioii  that  the  former  wi:ru  thun  uoknnwti ;  but  a 
clc»«  examination  of  tas  acnlptnreB  shows  tho  fnllac^'  ui'  such  a  conclusion, 
since  hlowiofr  tabes  are  abo  ngurcd  long^  aftur  \\\a  reign  of  Thothnuis  in 
whose  tiiDrt  brIlow«  were  certainly  common .•  Again,  on  the  laat  day  of 
the  fpasT  of  Tnhemacles,  the  Jews  wcrv  allowed  by  rabbinical  pniccjitB 
to  light  one  fire  &om  another,  but  not  to  strike  new  fire  Iroiu  stone  or 
metal,  nor  to  quench  it,  nhhoueh  to  save  their  goods,  "  nor  to  blow  it  with 
bellowcK,  but  with  a  reriic."^  Now  a  stiuager,  liaving  an  inipt'rfecl  know- 
ledge of  Jewish  custumB,  upon  wiuiessiof  nrCH  thus  blown  wouiri,  in  HOmu 
partaof  the  world,  be  very  apt  to  conclude  that  they  had  iiu  boHovvs.  And 
afUD,  if  WL'  hud  not  a  proof  that  our  duiiii'iitic  bellows  wa«  known  to  the 
Kooiaus,  we  might  have  inferred  Iroiri  Pliny's  accuuut  of  statuaries  and 
painters  repir-senliug  individuals  blowing  iircti  with  their  mohMc,  thai  ortlfi- 
dal  insLniments  for  the  purpooc^  were  tlieii  unknown. 

Enough   may  be  g-<uhered  from   ciu-ly  wiiters  on  America  to  account 

for  bellows  not  being  employed  in  those  operations  in  which  they  would 

leem  to  have  been  must  required,  va :  iti  smeliine:  of  metals.     According 

10  Acusto,  some  orea  could  not  \te  reduced  by  bellows,  but  only  by  oir 

fiinta<M>s.     GurciUuaM),  in  tliti  last  chapter  of  the  eighth  book  of  his  Cora- 

CKiituries,  makes  the  same  remark.     In  smelting  the  silver  ore  of  Potou, 

be  suy»  tlie  luiUani  used  neither  bellows  nor  blowing  tubea,  bui  a  nacaral 

wiod,  which,  in  their  opinion,  was  the  best ;  they  therefore  fused  the  or* 

ta  fmall  funiuces  placed  on  the  bills  in  the  mgbi  time,  whenever  the  wind 

^m  sufficient  for  the  purpose;  and  it  was  a  pleasant  sight,  he  observes, 

"lo  behold  eight,  teu,  or  twelve  thousand  of  those  tiree  ai  the  same  time, 

ni^ed  in  order  upon  the  sides  of  the  mountains."  The  Spaniards  suspect- 

ti^  that  die  mciai,  M-hen  thus  difiiisctl   nmong  a  great  number  of  hands, 

■Biglit  be  more  readily  purloined,  and  thai  much  of  ii.  wn^  wasted  in  so 

many  fires,  introduced  blast  furnaces,  the  fires  in  which  were  urged  "by 

'aree  bellows."  bm  theae  not  sucweding,  (the  blaat  being  too  strong.)  thoy 

«»«  recourse  to  rolaiy  bellowt*,  (*■  engines  witli  wheels,  carried  about  with 

^«iU  like  a  windmill  which  fanned   and   blowed  the  fire,")  bat  those  also 

^uled  to  accomplish  the  purpose,  "so  that  the  Spaniards  despairing  of  the 

^^^■poeas  oCtAeir  inventions,  made  uuf  tt/'tAatr.  whirh  thr.  Indians  had/ramed 

^^^Mi  emUriced."     No  stronger  reason  could  lie  adduced  why  the  bellows 

^^Hh  Dot  previoosly  used  in  the  reduction  of  nren. 

At  a  subsequent  fusion  of  the  metal  in  their  dwellings,  the  workmen 
\*ays  Garcitnsso)  instead  of  bellows,  continued  tn  use  blowing  tubes, 
**  thoogb  our  [Spanifih|  invetiiloii  of  bellows  is  much  more  ea^ic  nnd  forci- 
«l«  to  raise  the  fire."  Sunpusing  they  were  ignorant  of  bellow.'j  before  tJie 
*trivttl  of  the  Spaniards,  were  i§  a  jiroof  that  after  they  became  acquainted 
With  these  instruments,  they  still  preferred  their  tubes,  as  the  grid  and 
*ilver  smiths  uf  Asia  gcuerikllv  do  at  this  day  ;  and  hence  the  u!ie  of  snoli 
tabes  does  nut  show,  us  has  ijccn  staled,  "  tkut  tbey  were  unacquunied 
■with  the  usu  of  bollowe." 

If  there  was  nothing  else  to  adduce  in  favor  of  the  old  Pemvianii  being 
acquainted  with  bellows,  ur  with  tlie  pnnciple  of  iheir  construction  and  ap- 
plication, than  the  balsas  ur  blown  floats  which  iheir  fishermen  and  thou 
of  Cbib  used  instead  of  boats,  we  should  deem  thum  sufficient  ThoM 
vcre  large  bags  luade  of  akiiis  of  the  sea  wall'  and  filled  with  air.     They 

*  WiOuufOn's  M«un«n  unJ  Cuelouw  of  tbm  Anoi«Dt  Egyptisiu.  Ui.  339.    *  Pattitatf 
fiffimage,  3S3. 
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««ne  **  ao  wrll  sirwtvl,  xhut  a  cnniirleraMe  we^hl  raokl  oOt  Inrtt  uy  i 
it  oat,"  Thcyouricii  trom  rw^lv*  to  bnru-itti  t<  . 
air  rscnpnd,  them  wcrp  two  Icnthem  pifn^»  rhr 
"  blow  itito  ib«   ba^  wlicn  thort:   in 
Stmtli  Stm,  pn^c  l^l.     Thrwi  wi^re  r. 

fiiirposc.     Hail  llii-y  not  Kf<-n  tniintl  li-^s  Rthtn-m  m 
ilovHng  htlK-fl,  iliey  would  (ioii!iiV*s  havi-  bi-rii  iMiii 
Urit^r  in  tlii^  futiion  and  ntdiiciion  of  ore.i,     II  ttiny  licfK  ht*  nnii 
■ingiiUr  fuct,  atxl  mw  whicb  inny  ixwiiilily  bAvo  rft4>n?iK-i*  to  U-tlc     ^ 
Qwtzaltyta/t,  rhc  Mi-xicui  Gnd  of  tlir  ur  or  wind,  wiw  oIm  the  Va 
of  ftll  tho  luiriorvs  of  Anahtiftc 

Both  MfTxivaiti'  aiii]  Penivtiuis  were  *e<ra»otoed  train  ibi-ir  voutb  to  i 
blowing  tiiha's.  f^ir  thf  primitive  nir  gini,  ihroii^li  wbirh  to  nhwftl 
and  other  miuilrs  by  die  brp«tli,  ^mj  lUiivenally  iiiteil,  iind  thi- 
il  td)]  kfpt  up  by  llw>ir  Hcwfltwlaiitii.     Motr:iun)a,  In  ht»  6rKt  tntertiil 
with  Coni.'*,  -thri-willy  roranwed  the  iSpiiniith  puns,  »*  tutie*  iil*  iiiiiuuV 
metal,  to  ihi*  tarhiicaa*  M'hu  rnnniryioi-n.   From  the  i'i;|. 
by  thf   cnnstiinl.  rir)|iliiyiiif nl  ol'  thtttr.  inNtruutt-iitu  in  kilii 
nniurol  cnoaub  to  iim'  Cnrm  inntt-ittj  i>f  bcllowit  to  innntiUM'  ttiii  LvM  U 
mmnvA'-n,  hikI  <.Mi«iiini  n'lxlciTvd  tb<'iii  viiry  frficienl. 

^^n  hiivr-  |irnliinpt»J   iiiir    rfiiiiirk:*  ihi   iIiim  «til)jrct  lirH-iiiiM>  it   liu 
cot>clu(It-fl  [hilt  rttinatiM  of  funuKr^-A,  I'ouiul  (ur  If  low  tlic  Aiirtiin-  in 
portM  of  ihiH  <;i>nlirM>iit  and    in   nrgioim   aboiiridiii|;  vritli    inilt,  r.tnl 
nftV(>  Ix-fii  tMnpliiyrd  in  reducliii^  lltal  metal;   tnr  in  tliiwi-  rvxaatr 
whioli  Kiir-))  tun inCf^H  were  in   ARliuti,  thf  lielluws,  it  ik  Miid,  Wiu  ■>«' 
a   position  tliat    wf   ihink   untenable,  and  tpthe  irrecoiictWjlc   W;: 
advanced  aiair  (irmptallurgy  in  tbtMe  times. 

Before  leavin){  tbe  oubjeci  of  bellowA  and  bellows  punm*,  Wr«  naj\ 
mark  thai  nuniert)ii«  iUuxtrulions  of  the  ktlpr  may  be  titaud  in  ihr-  mt 
world.    To  an  indiutriotu  investig»tor,  rhe  animal  kiit^dniii  wtiuM  fu 
an  eiuiifiia  ivnrfif,  lor  evcrj  organised  beiii(j  m  cumpiwrnl  vt  tubvt 
of  litpuds  uri^ed  tlirouffh  tbem.     The  conlnvancm  b^  tvlnch  thi*  lall 
aca!oinp!i!>beil  may  be-  conxiderod   anion);  tJi«'  prominent  ffatiiren  in 
mechanism  of  aiiimaU;  and  olthouifh  mndiHi>d  in  iniinttaile,  one  ^p•\t 
prinripto  pcrvadtm  tlx-   wboir;  lbi»   in   ibe   itintrntiim    ami  ron/ntrtitm' 
Qrxible  vi-sscls  or  n-scrvoirs  in  which  Hnidw  arr  nccumuhteil  and  dn4 
through  the  aymem.     On  the  regnlar  function  of  iJitfie  orfirmut  ib**  at 
sary  motiona  of  life  fhieflv  di-pcnd  ;   by  thrm   urine  in  exyteljed    from 
btadder,  blood  from  the  heart,  breath  from  the  lung.s  &c, ;  liiey  are 
beltowa  pumps,  while  other  devices  of  the  Oivme  Mechanician  r»MiaUl 
ayringies  or  pision  pomps. 

The  wbnie  spoata  water  with  a  bellows  pump,  and  in  smmmy  ronipaml 
with  which  the  jet  from  cam  of  o«r  fire-engines  in  child's  play.    Ilia  W 
ing  npparHtns  roiisists  of  two  large  membranoiu  boct;  etiutir  aitd  cm 
of  being  collapsed  with  gn^t  force.     They  are  cnimecred  wSth  xvny 
ranab  or  tubes  -uhnst*  ontices  are  closed  by  a  val^e  in  llie  form  of 
aemicirrles,  similar  In  th(>«i-  known  to  pump  makers  na    ' 
When  the  atrnnnl  sptiatK,  hr   forcibly  tompresses  the    b« 
with  water,  nnil    sfnd»  forth  volmnoc  of  it  fo  the  h'" 
The  nwriiig  nmao  that  a(-ci>mpanies  thid  ejection  of  i]. 
rotuiidenible  distance,  and  is  one  of  the  means  by  winch  •'  : 
wrallier,  orn  din.'ctpd   to  their  prey.     The  prootwcis  ol 
wi(nt*titw«  i|iK-tl  us  ii  h'l^r  pipe,  ihroogh  whi<b  he  plays  n 
direction  by  thi'  purapm  hi>  ehtfst.     Nutiiim'oiis  insecu  ii 
tDove  their  bvdtm  by  tin-  roactioa  of  that  litpud  on  stroains  they  tfjflmx 
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sir  borlioa  c  oygien  and  §onie  uijtur  sbvtl  lUli  move  in  thU  OHUtiier,  My- 
itis i)f  raariiii-  aitimali  also  ucund  uiU  <if»ci-iiil  m  tbeir  naitvu  clement  l»y 
ftpaits  of  lonrng  ptiiapi:  wbcn  aUuiiI  lu  iiiv«?,  ii>tt\  aUmii  wiiier  uiut  cer- 
iu  neceptarle*,  ^nd   m  surh  cpuntitM^  u  u>  render  Uteir  bod]u»  njivcU 
lullv  heavier  tltui  tiie  fluid  clie^  fluaC  iu  ;  oitd  wlicu  Oi»y  wub  to  iuvead« 
tbvy  pump  utit  die  u-awr  which  carried  Utem  donit. 

Thai  experl  guniier,  liie  jaculviur  fi<h,  uliuots  his  prev  with  pellets  or 
globuJet  ot  voter  as  fruui  ti  pLtiou  puiup.  Wheti  au  iiuec^  korer*  near  or 
rest«  on  somu  a4fuatic  |iUut  wiUiiu  five  or  six  fevt  ol'  Uim,  lin  ehuots  from 
his  tubular  suoiii  a  drop  of  wuter,  and  with  hj  "  sum  au  ami  oa  guDemiljr 
to  lay  il  dead."  The  habit  ul'  ejecting  saliva,  which  somu  (lersoiia  ac- 
Qoire,  is  by  inukiug  a  pump  of  die  mouth  and  a  piston  of  llic?  touf^tte. 
Other  animals  practice  t)io  Mime  :  ibus  ihe  Datna  of  Chili  and  I'cru,  when 
irritated,  "  eject«  ite  >4aliv;i  u*  a  considerable  disl^incc*' — Frcxicr  says  ten 
paces,  or  thirty  feot.  The  tpuning  euake  ol*  KJouilicrn  Alnc<i,  it  is  said,.! 
ejects  its  poison  into  tho  eyes  of  those  who  attack  il  wiOi  uoen-ing  aim. ' 
The  t>nij.nje  of  tbo  lamprey  moves  b<ick wards  and  forwards  like  a  piston, 
and  priviuces  lliat  nctian  which  distinguishes  tliis  animal  and  otliers  of  the 
nnio  (Ainily.  The  siing  of  sotno  insocte,  that  iif  the  bee,  fur  example,  is 
ft  very  complex  apparatus,  cmisialing  of  a  lancet  with  its  shualh,  to  pene- 
Dmie  thr  budien  iif  their  enoRiiea ;  Bret  acting  as  a  trocar  nod  conular,  and 
&ai  as  a  pump  to  Ibrcu  poiaun  iuio  the  woujid — "  an  awl  to  bora  a  hole, 
[nyi  Palcy.]  and  ■  syringe  to  ityuct  thu  Suid." 

It  perhaps  injy  be  suppoaed  from  the  Jorm  of  common  putops,  that 
■here  is  lililc  rcsembliuicv  bvtweeu  them  and  these  unturul  inacfaince,  bat 
n  ahuulH  be  remomlwrcd  chiu  this  fonn  is  puraly  arbitrury,  (tliey  aro,  as 
We  hare  already  soon,  somelimes  uiado  of  floxible  mnteriaU,  and  altsr-J 
natetj  diUt«d  and  culUpted  tike  the  chesu  of  onimalii.)  The  gciierol 
MMom  of  making  thijtn  of  hollow  cylinders  and  of  inflexible  materiab, 
*vo*e  from  uxpt-rience  having  proved  that  when  thu^  madi-,  iliey  aru  mora 
o'lmUdo  and  less  liable  to  doran^^mt'nt  than  any  <)dier»  tiuu  havoyel  been 
Revised.  * 

The  circulation  of  the  blood  in  mnn  and  other  aniinals  ih  eflected  by 

Ippamlus  •irtkingly  analogous  to  sucking  and  forcing  bclh>w«  pnnipA.  Tho 

^aon  is  one  of  tiieiie — the  arteries  ore  its  forcing,  the  vetni  its  auction 

pipe*.  o^kI  both  pump  and  pi]>es  are  furnished  witli  the  most  perfect 

^ves.      By  cuntrsction.  this  wonderful  machine  forces  tho  l^lood  through 

fHc  fbrjner  to  tlie  uuermost  pnrijt  of  the  sviil^m  ;  a^A  by  disieusiQii.  draws 

1  back  ilirou^  the  latter  ■     They  vary  in  dimensions  as  in  construction. 

Some:  ire  adapted  to  ihc  bodies  of  animals  so  minute  ad  f>  he  impercep* 

tible'  r        -      '    '.  riston,  and  from   these  to  trthcru  of  everj-  size   up  to  the 

Vttgv    !  •■*(  die   deep.     'Die  aorta  of  the  whale,  savii  Paley,  "  in 

'  l%reer   i:>   ttir-    bore   than  die   main   pipe  of  the  water-works  at  London 

(•ri^l^w;  and  the  waler  roaring  in  lU  passage  through  that  pipe,  is  inferior 

1 1*1  '  veloriiy  to  tlie  blood  rushing  from  the  whale's  hRart." 

II  b«>in(^  may  he  p^nsidercd  as,  nay  is,  u  living  pump.  His 
Hi>tiy  14  vshull;,  lUH'U'  up  of  it,  of  ilia  tulKia  belonging  lo  it,  and  the  liquid 
»nov«d  by  r  —  'vi'h  Hurh  additions  as  are  required  to  eommunicatc  the  ne- 
cessary nil  ■  ;iroteot  it  from  injury.  Heullh.  life  iiself.  every  thing, 
tlepertas  u:  n  "  '"  "i^^r.  If  one  of  its  forcing  pipes,  (an  artery,) 
)ae  wtftvren,  we  hl'wd  to  drath ;  are  any  of  its  sucking  tubes  (the  veins) 


*  la  the  6tlt  ««l.  of  MasbinM  apptrnMl  by  Uw  Pmneh  AcHli>iut    u  ths  dencnptioii  or 
%b«&ww«poiD|).  ondc  ia  imiuiian  oPilje  bran.W  M.  Dsdaut.wDD  aainsd  ibs  worfcing 
MnaCd  "  Cs  C«ar.'  iIm  head— oC^ulticli  !i  »««  a  mie  rtMtnbUnec. 
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choked,  tlie  p«rU  around  tlietn  becutnc  dUeascd,  like  sterile  Uod  ftrr  n.uj 
oT  liOUri«Iimcnt;  doc&  die  ptmip  itaelf  stop  working,  w<;  inslarill v  die.  TV 
rcgvlarilv  <ind  irn-fful^niv  of  it«  motions  uv  indk-uted  \ty  \hv  pulr**,  u  Kich 
hu  always  been  adopted  a^  the  unerring  criterion  of  hndtlt  oinI  <lt»cur. 
or  u  an  engineer  would  say,  the  number  of  its  strokes  per  minute,  is  die 
proof  of  iXt  state  wIiL-thtT  in  good  or  liad  working  order.  The  poise  Ml 
only  indicates  inoidenial  disorders  in  this  hydraulic  machine,  but  it  a  crite 
rion  of  its  age,  aa  well  as  of  lis  constant  condition :  the  tnovuiDenta  are 
strong  atid  uniiomi  in  youth,  feeble  and  uncertain  In  sickness  and  age,  ami 
u  the  machine  wears  out  and  the  period  of  its  labor  approacbea,  its  sirokM 
U  la^l  cf&se  nnd  ix»  vibrations  are  then  silent  for  erer. 

Wbai  mechanic  can  contemplate  this  surpris'mg  machine  without  being 
etecirificd  with  astonishment  tnai  it  should  lust  so  long  a*  it  does  in  mum 
people  !  FonneJ  of  materials  so  easily  injured,  and  connected  with  tubes 
of  the  must  delir4iie  texture,  whose  r&mifications  are  too  complex  to  be 
traced,  t}ieir  nuinliers  loo  great  to  be  counted,  and  many  of  tbero  too  mi* 
nuteto  be  perceived,  and  the  orifices  of  all  furnished  with  ekbonue  vaJres; 
that  such  complicated  nmchiTiery  should  continue  incessanily  in  motioci, 
sixty,  ciglity,  and  a  hundred  years,  not  only  without  our  aid,  but  in  ipite 
oforKstructions  that  are  doily  thrown  in  iia  way,  is  as  inexplicable  and  my*- 
trrious  as  the  power  that  impels  it. 

Few  claMes  of  men  arc  more  interested  in  studying  naniral  history,  and 
particularly  tlie  structure,  habits,  nnd  movementa  of  animals,  than  meeba- 
ics;  and  none  can  reap  a  richer  reward  for  the  lime  and  labor  expended 
upon  it.  It  presents  to  (he  studious  inquirer  sources  of  mecburicu  can- 
binations  ana  movements  so  varied,  so  perfect,  so  novel,  nnd  such  as  an 
adapted  to  every  pos«ible  contingcney,  oa  to  excite  emotions  of  surprise 
that  they  shoulil  have  been  so  long  neglected.  There  is  no  doubt  that 
sevvral  modem  discoveries  in  pneumatics,  hydraulics,  hydrostatira,  optics, 
mechanics,  and  even  of  chemistry,  might  have  been  anticipaicd  by  the 
aludy  of  this  department  of  science.  Of  this  truth  examples  mi^ht  he  ad- 
duced From  every  art,  and  from  every  branch  of  engineering  :  the  Hexi 
water-mains  (composed  of  iron  lubes  united  by  a  sprcJe*  of  ball  and 
joint)  by  which  Watt  conveyed  fresh  w«H>r  under  the  river  Clyde  W' 
sugge«led  by  the  mechanism  of  •  U>h»lrT'%  toi/^the  proca'ti*  of  tiiniae 
by  which  Brunei  has  Ibrmcd  a  paoaage  tnuler  the  Thames  occurred  to 
l^  witnessing  the  operations  of  the  Ttredo,  a  li>staceous  iKorm  covi 
with  a  cyliniuical  shell,  which  enla  ila  way  throngh  llie  liardeM  wood^ 
and  Smeaton,  in  seeking  the  form  best  lulapled  to  impart  stability  to  th* 
lighl-house  on  tlie  Eddystone  rocks,  imitated  the  contour  of  the  l»ole  of  a 
trte.  The  fishermen's  bowts  of  Rurope,  adapted  to  endure  the 
weather,  are  the  very  model  of  ilioai^  formed  for  her  progeny 
male  gnat ;  "  elevated  and  narrow  at  each  end.  and  broad  and 
at  the  middle"^-the  beaver  when  building  a  ilam^^hut  it  it  vain  to 
examplee  with  whtcb  volumes  might  be  lilUtd. 
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CHAPTER     III. 

rimiw  IB  taUflMua  lhit<ial>^rif«R>1  ID  as  aU  ctnluf  uu»— Hiiupin  Qai^in  Punp — SiiUCtotalMPOn* 
■pump — Cmomob  Korolaf-iiaarp— donarh  r*"**!' — r<>mn|'i"iii>|>  ■■lb  ini->rM»l-  MmMw  mt 
iw.  t»  riBCripnan  h}  VUiartw— R«a»rlu  oa  ito  oritiu— Rrtvrr  nr  lb-  iiari«DU  mpMtlaf  tha 
I  attmr^i  lartMom — CUunt  lit  Ct»\Ma»  la  1<I>  liMBp  llnlird— Ali  *hhiI  |<robati1y  inioMitd  by 
'f  [liii  1 1  air  1  pmaiHBl  rialurr  ■«  all  hii  tDVKUbMt — Air  T«M«1*~U  ll*f«a')  nwDUlB— A^ 
If  nOvt*'  U  by  nUiy— Alt  fua  aTClHlbiBs— Ttc  llodtah. 

Tnr  i^arlk'Bt  rrtachiac*  coubifediig  of  a  cvlitidlcr  «iiil  pietun  tiiot  was  vx- 
preajsly  ■Icf'i^ed  v>  force  liquids  was  proliably  (hv  ayringe,  m  instnunent 
of  vpry  high  aniiipiity :  see  iw  figure  in  t!ii'  forvgrouiid  of  ihu  nuxt  illusua- 
bnn.  Tn  the  closed  und  «  shnri  corneal  pipe  ts  attached  whune  diitusiuiiotis 
adapted  Id  \\\c  purtiiriiliir  par[>osc>  fur  wtitcb  tlie  iufrU-umeiit  k  lo  hs 
IwchI.  The  piston  is  wilid  and  foveird  wiih  a  piitco  of  soft  lealher,  hemp, 
t^oollim  liaiing,  or  my  simiUr  lutitmuici'  thai  readily  imljiiHTA  moisture,  in 
bnlcr  til  pivvcTit  liir  or  wait-r  frxiin  jta-iiting  Imiwi^cii  it  and  the  eidcs  nf  tltu 
irlindrr.  W^iMi  ihe  vw\  nf  i)ii'  {>ip«<  ic  placed  tn  a  Ijt]uid  and  the  piattm 
iVtkWn  hiwk,  ihp  utmosphurp  drives  the  liiiuid  into  the  cyhnder;  wheno*  it 
expL-ilnd  thiviugh  thr  sanie  orifire  hy  punhmg  the  pii>ioii  duwn  :  in  llic 
irmrr  caAc  the  ayrin^  acts  ba  b  ftucking  ptnDp  ;  m  the  latter  as  a  forcing 
tte.  Tli*y  fcrc  chiefly  employed  in  Burgical  operatiaDS,  for  which  ihey 
arc  made  of  wious  dimensions — from  the  size  ofa  qtiart  buttle  tn  tlmt  of 
a\iitl.  They  are  formed  of  silver,  brass,  pewtHr,  glasa,  and  Bamelimes 
f  wood.  For  some  purpose*  the  nnall  pipe  is  dispens^'d  with,  the  end 
(f  the  cvliridtr  beiog  closed  hy  a  perforated  plate,  as  in  tJioiie  instruments 
urith  which  ^rdencrs  syringe  iheir  plants. 
It  hu  iKwrn  said  that  th(i  nvrinse  was  inrented  hy  Ctestbins,  being  t)ie 
"  It  of  hi*  firM  <r*fay»  in   (fevimng'  or  improving   the  pump ;  hut   mtdi 

not  liAve  \iccn  \\»  origin,  iilncre  it  is  mpniioned  by  philosojtherA  who 

oiiri#bed  e^niuricft  before  Tntti,  It  was  known  to  Tli.^ophrnstus.  Anaxa- 
ran,  Democntu*.  I.curipfniJ*,  Aristotle,  ind  their  pupils :  lo  tlie  ninhtng 
f  wi»tfr  iuto  it  when  the  pinion  wan  drawn  up,  these  philonophers  an- 
ikJ  to  ilhMirate  ttieir  iippiwile  virwit  rt-spfK-tin^  th*  raiist-  of  tin-  ]ii{iiid's 
il,  some  conlending  that  it  pmvcd  fho  exislPtMrc  of  n  vacuum,  irthcra 
h  did  not.  To  this  anctrnt  niTpltcBtion  of  tltt?  syringt;,  must  of  the 
Bftfiy  writen  on  atmosplieric  prassurc  allude'  "  It  m  pretty  Ntnuigr  (ob> 
SOTTDS  T^tisaguliers]  ibat  thtr  ancient^,  who  were  no  stranger*  to  iht^  nature 
af  wind*,  and  knew  a  great  dctal  of  their  force,  were  yrt  entirely  ignorant 
nf  thu  weight  and  perpendicular  pressure  of  the  nir.  This  is  evidmt,  be- 
cause thuy  attribute  the  cause  of  water  rising  up  in  pumps,  or  any  li*]uor« 
being  drawn  uu  into  evringes  (rommonly  called  typhtm*  nn  that  orcount, 
while  pnniiut  were  callM  sucking-pump^)  to  nature's  abhorrence  of  a  va- 
miun  :  saying,  ll»ai  it  KU'd  np  with  water  llte  pipes  of  pump*  under  the 
iiuving  buekift  or  piston,  rather  than  eutfer  any  empty  space.  The  s^'ringe 
^~  use.  and  this   notion  concerning   ns  suctinn  obiain'd  Urf^g  before 

bii«,  thr  son  of  a  bwber  al  Alexandria,  invenwd  the  pump."** 


*  8m  Rnhsuli'a  PhttosapKy  wliJi  riuke's  Norn.    Lon.  17113:  rol.  i.  ITS.    SwitEer's 
Hrdni-taim.  rr.-fn.-«-  tn>f  172.     Pli 
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There  i»  rouOQ  to  believe  that  ttie  •ynn^  wai  employed  by  tJw>  E^p- 
tuiH  in  ilii>  procuu  of  embalming.     In  various  trsiulacioiu  of^^  ' 

given  by  HoroduitM  (Eutcr[>e,  S7)  it  is  expn;i*lv  nniiieil:  "  '. 
ivriugu  wiiii  gvrmv  ul'  cttlar  wuihI  and  inject  it.'  ■  Dr.  Rccs,  lu  liu  hIi- 
DOD  of  ChamljiTs'  DictiuDarv.  (Art.  £iab>Iming,)  usei  thu-  icrma  "  infiuiu 
bv  u  cyriiu^,"  uml  "  synn^iiii;  a  li(]uid,"  tec.  The  leaat  fxjM-ojure  amd* 
ut  uinljiUjiiing  WHS  "  Itifuiiiiig  Ly  a  syringe  a  certain  liquid  uxtractcd  fivn 
die  oodar."*'  Ul-Idc,  iu  liis  tnuulation,  doc9  not  tndicaiu  the  instrumcnl 
neod — tboy  "  injuci  an  uiij^uuiil  made  from  ibe  cedar."  Aa  clyatrn  ori^ 
naicd  in  E^nrpt.  and  wm*  lued  monthly  by  the  iiihik)iiiant«  as  a  prvsrm- 
tivo  of  health,  (Homd.  ii.  77.)  we  are  tnosi  probably  indi-bii'd  m  the  ot'opk 
of  that  country  for  the  syringe.  Had  it  uwn  a  Grecian  or  Konian  invra- 
lion,  the  name  of  its  author  would  liave  been  known,  for  from  iu  utiliiyaad 
application  to  vanotis  auiful  pur|iocet,  an  account  of  the  circimistBnn* 
oonnecied  with  ilii  uri|ni>  wis  ^  worthy  of  preAerraiion,  aa  thnw  relaoog 
to  the  pump  or  any  ii^lt  imirhine.  Suetonius  uaet  the  term  "  clyster"  U 
denote  the  imrtriirnvnt  by  wliich  it  was  adntini«ieri-d ;  and  C«lsuj  by  a, 
refers  to  "  a  little  pi{K-  or  9i|uirL"  (Ain»wonh.)  Iliii|KicniU'A  and  the  elder 
Pliny  frc4|Uf-nily  mention  clyi^ters,  but  nilhoul  tu'M'Hbing  distinctly  tte 
ituirumt-ni  crnployml :  [lie  laiter  in  bin  30th  book,  cap.  7,  seems  to  reAr 
to  the  common  newicr  Byriii«;e,  "  an  nutrvntmt  or  /tijrt  iiftim :"  this  if  «! 
lea&t  probable,  for  [wwifr,  uccordinf;  to  Whittaker.  was  borrowed  from  tlia 
Romans.  It  is  well  udTLTluiiied  tlml  pevrierers  vrcru  among  th«  carina 
workera  of  metal  in  Enfcl<uiii.  A  compan*)'  of  ibcm  was  incorporated  ia 
H74  ;  but  at  what  lime  iho  syringe  became  a  staplu  article  of  their  na- 
nu&eture  is  ancertain. 


Ra  IUl    VrttiVUBMilIrr  III  "tmc  ton*  ntliMw  iMtlfilh 

Had  tbo  ayrioK^  not  been  mentioned  by  aiifiem  authors,  it«  antumoy 
mighr  he  inferreJ  fmm  a  pnrtinilar  rmploymettt  of  it  by  the  Hindoos.  Ti» 
vrtSy  manners  and  cuiilom*  nf  tbcw  |Ki»ph'  Unvt-  rt-maiiied  ui>changed  ROB 
very  remoie  limes;  and  such  la  iht-Jr  iir«Tliit-»-limi  for  the  relipou*  tota- 
tttHona  of  their  ancemori,  that  nnChing  hn«,  iind  iip[>Br*iitly  nothing  can  tB- 
doce  ihem  to  admit  of  flio  alighl*>itt  rliai}K«"  in  lln?  reremonlea  that  MmiB 
to  (ho  womliip  of  ihfir  drntipn:   hencti  the  aaini'  rilra  are  sull  peironneOi 
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mwl  tv  mean*  of  the  lanK!  kitul  of  infimnionu  u  wlieu  Alcxtuidcr  ur 
cvtfo  Bacchoa  invuded  [iiilia.  lu  suiuu  of  ihuir  rt'ltgiouA  li>«tiviLls  thu 
l^'rinj^  IB  made  to  perfurni  a  proiiiutunt  purt;  fur  a  red  powdur  iir  iiiixod 
witb  wuer.  with  which  the  worshiper*  "  drench  oiiu  aiiothur  liv  invons 
of  a  KpccitM  of  stjuirt ;  lo  rcpre«out  Parawu  Rama,  ur  «oiiie  ochcr  huro 
rviuming  from  iMiuIe  covered  with  bluitd."  Somt;  writers  iU|)j)OiM>  tho 
oen-'muii^  u  dettigaed  to  celiibnttv  "  tho  urgivH  uf  KrisAna  with  his  mis- 
treurs  and  coiopatiioiu."  No.  1 15  rcprevciiu  a  r^aii  and  xoiue  of  bis 
wivL-8  cn^dgvd  iii  thij!  ^lingular  species  of  religious  worithip  and  cunnubial 
cxprriiiu.  in  bunur  of  Krishna.  The  iiiittriiiiioriiitKn'clcarl;^'  gurdeii  syringiw, 
and  probalitv  of  tlie  xamu  kind  u£  are  niuiitioiied  hy  Heron  of  Alexandria, 
•a  usi;d  in  his  lime  for  sprinkling  and  diapersittg  water. 

Tho  tiohfev  \%  auoiher  Hindoo  te^tivul  which  n.*<tciRbW  in  i^onie  mea- 
mrv  ihc  .Satumidia  of  the  Romans.  Ii  \*  observed  uljrough  sdl  YGndostan, 
and  in  crlvbrating  it,  ih<!  syringe  is  put  in  roniuHitiou.  Mr.  Urougbton, 
who,  with  Mime  uifaer  Europeaui»,  miied  a  Mohratia  rajah  lo  wiiuesa  die 
cen?m«ny,  obw-rves — *'  A  few  iRinut<^8  after  we  liiid  tAkvii  our  scat*,  large 
brass  tmya  filk-d  with  abetr,  and  the  little  laiitt  oii-etulv  described  were 
farougbi  in  and  ploix-'d  before  the  company,  togeiboi  with  a  yellow-coloured 
iralL-r,  and  a  large  nirer  t^irt  lor  eocb  individual.  The  Mulia  im  hiin- 
fdf  begun  the  umiisomenu  of  ilie  day,  by  sprinkling  a  liiilc  red  and  yellow 
wutLT  upon  ux  froin  the  gooiabdmts,  »iiudl  silver  v«aft«ls  kept  for  tlie  put^ 
poau  of  xpriiikliug  rose-water  at  vidit»  of  ceremony.  Every  one  then 
Ixciui  lo  throw  about  llie  abcer,  and  to  $quirt  ai  hia  neighbour  as  he  pleas- 
ed. (Shobcrl'a  Hind.  vol.  ii,  341,  and  voL  vi,  M.)  A  somewhat  similar 
taotora  prfviiils  in  Pegu.  Ac  the  Jeaat  of  water*,  the  king,  nobles,  and 
ail  the  pfopUr  sport  llienuelves  by  dimwing  water  upon  one  another ;  and 
"h  i«  iiupu--iiiblo  to  paM  the  streets  wiiJiout  being  uoundly  wet."  (Oviog- 
ton'a  Voyapc  to  Sural  in  ilie  year  1CS9.     Lon.  109G  :  page  597.) 

The  avriiijjp  in  front  of  No.  115,  is  copied  Irom  RJvius'  German  Trans- 
iabon  of  Vitruvius,  A.  O.  1548.  It  is  from  a  view  of  the  barber's  shop 
belong^iiig  to  tlie  fai}]er  of  Clesibius.  (See  pp.  ISl  ntid  VZ'i,  of  this  volume.) 
Acrosis  l}ie  shop  is  a  partition,  behind  which  the  voting  philosopher  is  seen 
ibtetitlv  iteruaiiig  a  book,  and  on  the  Hoor  around  hitn  are  a  flute,  a  syringe, 
a  pwir  ot  bellowa,  baiq>ipes,  &<^.;  while  in  front,  tin:  old  gentleman  in  tho 
-&un7|iean  costume  at'  the  ]6th  century,  ard  \n\k\  a  sword  at  hia  side  I  U 
ttctifely  engaged  in  purifying  the  head  and  fiice  of  o  cuslomer. 

In  tJie  ihinl  volume  of  a  Collection  of  "  Kmulems,  Human  and  Divine" 
in  Latiu  :  Prague,  IGOl,  page  7U,a  pair  of  bellows,  a  ai/rin^fiand  a  flying 
•H>lipile  are  represented  &a  (orming  the  device  of  some  old  Italian  family, 
*nfh  llie  singular  motto,  "  ToAo  est  riento." 

Kew  ancient  devices  could  be  pointed  out  that  have  given  rise  to  inon) 
kmporiaut  improvements  in  the  arts  than  the  primitive  syringe,     Its  mo<]i- 
ficatinn-i  exert  nn  extensive  and  beiieficinJ  infltience  in  society.     As  a  pii- 
Xan  bt^llows  it  i.i  still   extensively  used   in  oriental  smilheries — and  as  the 
oame,  it  conlributeil  to  one  of  the  most  refined  pleasures  of  the  ancients,  hy 
mpplying  wind  to  their  organs.     It  may  be  considered  nil  the  immodiatis 
pairni  oi    (he  forcing  if  not  of  the  atmospheric,  pump— in  both  of  which 
It  has  grxrally  increa-ned  the  comforts  and   con^-cnioncies  of  ci^^liIed  life  ; 
in  the  fire-engine  it   protects  botli   our  lives  and  our   propcrtj-  from  the 
most  destrucUve  of  the  elements ;  and   in  the  bands  of  the  surgeon  and 
physician  it   cjciend.i  the  duration  of  life  by  remowng  disease.     The  mo- 
dern phitoMtphirnl  apptLratu^  for  exhausting  air,  and   the  ancient  one  for 
condenxj.i^  it:  the  amntmath  blowing   marhlties  in  cnr  tmi^eTWVUi&. 
l&c-*te-am  engine  iticlf,  arc  oJJ  modificadoQC  of  the  iynnge. 


SfUgir-  Vttlpt  Fvn-fftg  Ptompi. 
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A  rnrcinft  pump  ilifrcra  hnt  linlo  from  »  •jrinm- :  tlir  Intrrr  rrrrit  n  sc! 
expt'U  a  lii|ti)<l  ihnmgh  ihc  launr    pAAnt^f,  l>i)t    : 
pipt!  l^ir  iu  disrharge,  ttnil  Ixitli  ihit  rvra-ivtne  Mti-: 

covered  with  rnlvr*.  By  l>ii»  iinui){«!niunt  it  i*  not  Aecnsmry  lo  rrrncife 
h  pump  from  the  lit^itid  in'  ci-uisfer  the  conienU  of  itA  cvliiidcr,  u  i*  iloue 
wilh  Ihc  syringe,  lint  the  ojxjnition  of  forcine  up  waier  may  he  oontiiiwui 
whiV  till;  itistrunienl  i»  miinavtruJilr,  A  rorcin^  pump,  tlivrvfiirvt  m  menJv 
«  KTringe  {nnntittsd  with  «n  indtictioo  »nd  udiirtjon  viJve— odb  tkrou^ 
wKtcli  wfttpr  L'nit'M  tbw  cylindi>r,  thf  tidxvt  by  ulijch  ii  tmcapnt  from  iL 
Ol'clif  pn^ces*  or  rvMMtning  which  li-d  tu  ibt!  npplii-jitiun  of  vxlvf*  In  tko 
syrint^i-,  hi8(i>ry  ii>  nilMtit;  but  wt  has  been  n*mBfkrd  iti  a  pmrioia  vivtp- 
Xrr,  thrir  rmpli>ym<!tit  in  l>eUiiw«  or  nir  Ibrcing  mat  hinrk,  prv>lMib1y  ofrMii 
the  way  ti)  llii-ir  intxudurli'iii  intu  >i'aler  fbrt-iti^  one*.  I^e  (rrdiiiwy  Wf- 
liiwa  hax  Inil  uii>^  valvi?,  mid  ll)«  ^implenl  and  must  nricieni  iVirt-ini; 
have  DO  roo<«,  Oite  of  these  ia  ahown  at  Nti.  116.    It  mjir' 

having  tli«  oriftrr  .n 
tjie  cyliodtT  covvred   tiy  i 
or  i-lack.  ujiuning  upwanJa;  i^^ 
a  dischfiTgitig  jiipe   tunnfcu-i  ^ 
tlie  cylinder  a  litiJ*;  aborcit:  «K<'» 
placed  in  water  llie  oriRce  of  th** 
pi])e  tit  closed  M'itlj  the  fiiigei,  a** '* 
(he  j)istoii  living  theii  drkwn  ^^\ 
tlie  cylinder  bocomed  di  ■        '       ""■ 
when  the  piatoit  isun 
tj>e  valve  closes  anu  ciiL-  li<i 
forced  through  ihe  pip*.     1 . 
roachioo  llie  finger   perfnrnir-  lu    ;' 
part  of  «  valve  by  previ-nuiii;   ri;  -»■ 
from  emering   llie  cylindL-r  v.  h.i»- 
iJie  piston  ia  being  nuM-d. 


Itl 


Ke.tll 


h«.  117. 


pumps  made  of  tin  plate  wrrt-  int—  " 
uiorly  common.  uuJ  were  umxI  W^ 
wash  windows,  syringe  plunu  aad  w 
earden  trees.  See.  The  ficnre  i*  * 
jrom  plate  S7  of  "L"Exploii«'r  An    * 


Sllwt».ViJte  Purely  pKnpi. 

MitiRV,"  in  ApiTB  tT  Mriibkb,  and  U  described  (page  I5S4)  tU  «  0» 
pump,  "  pour  tinvoyKr  comiaod^ment  de  I'eau  dans  les  ditT^roatd  qnartii 
de  ratteUer." 

No.  117  is  sjiotbor  single-valve  forcing  pump  fVom  the  second  toIu 
of  B  LaUn  tnjatise  on  Natural  Philo«aphy,by  P.  P.  Stiiinmevcr,  Fribui^ 
I7ti7.     It  18  seirurej  in  u  cisUMTi,  the  supfai:e  of  llie  vnxirt  m  which  is 
ways  kept  above  tlie  small  openings   made  ihrough   the  upper  part ; 
thiu  when  the  piston  is  drawn  up,  as  in  the  fig\irp,  thi<  liquid  flows  in 
fills  it ;  aiid  on  the  ileeeent  of  tji<:-  pislon   the  water  li  fon'sd   up  the 
ceiiding   pipe,  iJw   valve   preventing  ita  return,     This  is   a  vtry   ci 
and  '■tfaoieiii  furring  pump;  and  having  no  imIiu:tion  r»Iv<-  and  ihn  pi 
being  always  under  water,  it  ia  mit  very  liable  lo  dcnuipemem.     It 
howf-ver,  its  defect); ;   fur  in  elevaling  ihe  pJ.Mnn  tlve  wholr  Wi^ght  of 

atmosphere  nbovt-  it  txiui  lo  be  ovorcome,  a  disiidvnntiig^'  that  it>  1 

chines  would  not  be  conmensatod  by  the  saving- of  a  viiIti*,   A> 
lias  to  pttJM  th"  holc«  in  llie  up|H<r  p«rt  of  thf  cvliwler,  it.-*  pncli)..j^ 
Ih-  iiyure^i  if  ilicir  inner  cdgrs  wer*-  not  mtiMieil  off".  Thi»  jiump  hi 
errnnciiusly  attributed  to  a  modern  Kunipran  niginoer:  sfe  the 
RogiDU'r  of  Aru,  v,  i&A,  ond  Journal  of  ib«  Franklin  Institute, 
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Th^  ordmary  forcing  pump  has  two  vulves.  u  in  the  nnnt'xcil  ftgura, 
which  rvpri^acnu  it  a«  generally  madi>.  Tin-  r^tiniliT  is  plac'i'ii  alioveibe 
nafncK  of  the  water  tj>  be  nwuitl.  and  foiiM-(]utiicly  Ls  cliargcd  hy  tiw  prva- 
nirti  tit  thtF  atmospbrre;  thu  msfbitu'.  thcrvlorr,  is  n  conipoiiml  out-,  dif- 

furing  fn>m  th&r  tjut  deiu-ribed,  which 
is  purely  u  forring  pump,  the  wwicp  en- 
(trring  il«  cyliiiJt^r  lii^  gnivity  nloni;. 
The  arlKiii  uf  the  niar.hinr  niiw  under 
uoniulr' ration  U  Miiiilitr  to  llint  iif  the 
«yringt':  whisn  th«  ptaimi  j^  mined  rJio 
oir  in  ihf  \n\»e  Maw  lli**  cylintler  ruihu 
through  riie  v»Wi:  hikI  is  expelled  on 
the  (IcB^'fiit  of  ih«  pisrirn  ilmtii^t  the 
other  viilvo  in  the  H^^cnJitig  or  dis- 
cJiai^h?  pipe  ;  and  on  a  rcpotition  of 
cbe  ^imKf^  of  ihe  pi.iion,  wolnr  riitefl  in 
ite  Kiirlion  piiw,  eiitent  the  r^linder, 
and  \»  ux|i«lled  in  lite  liko  ninniter. 
Puinp»i>rth!g>  kind  are  fiomelinwo  plact-d 
in  the  yardit  of  dwelUrig  lioiues,  the 
Auction  pi}>e  extending  into  a  well,  and 
the  ascending  one  to  a  ctatcm  in  the 
np|MT  jtarLs  of  the  huilding.  In  theae 
caaes  a  cock  i.*  generally  inserted  a  lit- 
tle above  the  valve  in  tlie  aac«nding 
pipe  to  supply  waier  if  required  in  the 
vicinity  ot  the  ptiinp, 
Thw  lieauliful  instrument  wsed  of  late  years  lo  transfer  litjuiils  into  and 
^vrii  iht?  biiuian  stomach  is  a  ntothficationof  the  alwjvc  ninchine.  It  cannot 
h  propriety  lie  naiDed  a  ayringe,  lor  as  it  is  furnished  witli  valves,  it  is, 
fevery  respect,  a  pump.  Having  been  cmployeii  with  mnch  suceeaa  in 
witlidrawing  poison  fronj  the  stoniach.  it  is  now  justly  classed  among  the 

• 'I'll  apparatus  of  die  surgeon.     Its  oriein  and  history  are  dcuiled  in 

■hiet  published  by  its  invenlor,  Mr.  John  Read,  of  Kngland,  who 
ti.  ■  .^.  .1  it  in  l!Jl9,  and  in  the  fitUowing  y^ar  nht(uiM>d  a  patent  for  it  under 
the  name  of  a  "Stomach  and  Enema  Pump."  After  visiting  London 
twice  in  vain  for  the  purpose  of  prnciiriiig  suitable  tubea,  he  tncd  lo  gpt 
■ome  nude  in  the  country,  but  (ailed.  On  a  third  Wtit  to  the  metropolis 
be  oblaiifd  an  IndifTorent  nne  which  lie  thmii^ht  mtght  answer,  and  after 
•dapting  il  lu  u  pump,  "  I  then  [ho  ob«frve»[  pn-sentt-d  it  to  Sir  AstJey 
Cooper,  wrho  nj>ked  mv  for  whiit  purpose  it  won  intended  ;  I  told  him  it 
wss  intended  for  the  rrmovul  of  fluid  poisoni-  from  ihu  human  stomach; 
■A^r  a  few  miniifs  iniipt'elinn  of  the  ia«tnjmenl,  Sir  A,  miide  the  follow- 
ing reply  :— '  nliout  three  witfks  ago  1  wttit  ralltnl  to  attend  n  young  lady 
ahoat  10  a'clork  in  the  morning  who  hud  taken  opium;  I  gave  her  sm- 
phale  of  rnpp«-r.  Jtutphnle  iif  xmf  and  ntln-r  ihitigtt:  I  «il  by  her  until 
night  in  ihi*  evi'iiing.  whi-n  shr>  dittl !  If  I  had  iN'en  in  posKeiuiion  of  thJB 
iastrumrnl  at  tht-  lime,  I  rnuld  have  relievi-d  her  in  five  iiitnulet,  and  have 
nved  her  life.*  Al^t^r  loany  <|uei<iii)nH  how  1  came  Ui  think  of  such  ft 
111,,.,,  whirh  1  Sttlitliietorily  explained,  h-  vaid  '  what  ran  1  do  for  you  *' 
■  wer  waa — tin*  publicity  of  your  opinion  i*  all  I  wish  :  he  replied. 
■  '^P  -oijn  bavr  ;'  and  he  ordered  nie  to  meet  bin)  iho  nem  dav 
I '  :  J  at  one  i.'cltttk,  when  he  propt»«d  to  try  an  «xi»eriraem 
I'Ti  ,  .J.i^'  ;  "•■i:  .•»  no 'dill-  could  bo  pn^icun.'d,  [tliai  day,)  Sir  Astiey  pro- 
oowd   Friday  at   the  name  hour ;   when  I  8U«naed  aa  b«f»TC,  and  «.  (i<i^ 
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wu  thon  resdy  for  Uiv  experiment  in  the  operatinff  tb«strc,  wlorb  vu 
crowdwl  lii  I'xceu.  The  Joe  wa*  hrouglit  tn  Sir  A.  who  gavr  him  four 
(IniL-Kms  of  f)|iiuni  diHoIved  in  water.  T)k-  dog 'a  pulse  wax  first  at  ISO; 
in  tfvci;  mitiuieii  it  fell  to  110,  and  Trofn  that  to  W.  The  poison  va«  fo^ 
ferp.l  to  rKtiiitiii  in  ihu  dog'M  alomach  33  roinuttrs,  ult  tie  appeared  to  be 
Joiul,  and  ]  wa«  duiihlful  it  would  W  tlie  case  before  Sir  A.  would  U-t  ne 
u»fi  th«  pump,  r  must  t^tifosa  I  wom  very  impatient  to  be  at  work  on  tlic 
dog  witii  my  inatruraent  in  hand  ready  for  action.  Sir  A.  hf^pt  hi«  finpr 
on  the  dog's  pulse,  iheu  at  90,  and  aaid  very  deliberately,  *  I  think  ii  will 
do  now,  aa  it  is  33  minutea  aincel  gnve  him  the  do«e.'  A  baiin  of  warn 
water  being  then  bronght.  Sir  A.  pasied  the  lube  I  had  provided  into  the 
dng's  frlomach :   1  Immediately  pumped   the  whole  contents  oT  the  batta 

fihe  \vot7n  water]  into  the  stomnch.  and  cm  quickly  rfpumped  the  wIkiIq 
ram  ihe  tloniBch,  conUiiniug  the  laudanum,  hack  again  into  the  basin.  St^ 
I.  obtcrved.  while  I  was  emptying  the  dog's  Kioraacn,  the  Uudstium  iwii 
ling  on  the  «iirtncc,  ond  saicf '  It  leitt  do  ;'  a  kecond  fauin  of  water 

if\)pered  and  ^vithdmwn  by  the  pump  as  before  :  1  a^tked  for  a  tAinl, 
but  Sir  Astley  said  It  was  tinner^'ssary,  an  the  laudanum  had  all  l*een  re- 
turned in  thf  first  hsfiin."     In  half  an  hour  the  aniinal  was  completely 
Tirrd  and  running  about  ihe  theatre. 

It  tnay  be  of  tise  Ui  ai.ite,  that  the  qttickosT  and  easiest  mode  of  empli 
ing  a  fitomach  pump  (according  to  the  inventor)  is  to  use  it  only  a»  ajc 
itig  pump — thai  is  lo  inject  M-arm  water  or  other  dilutenta  imo  the  stomaek 
until  that  organ  becoming  snrchargcd,  the  iluid  regurgiiatee  by  the  tnouili ; 
in  other  words  tn  ftl)  the  smmach  to  oveHlnwing — the  liquid  paasiitg  dowB 
the  tube  and  rising  thnmgh  the  ojaophagus  by  the  side  of  it ;  the  opetm- 
lion  being  continued  till  the  fluid  returns  unchanged.  In  the  abeenee  of 
0.  pump,  a  luntiel  or  other  ve«sel  attached  (o  a  flexible  tube  might  iimw«r. 


then 
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There  are  numeroiu  varieties  in  stomach  pumps,  arising  from  the  dif- 
ferent modeK  of  comtrucitng  and  arranging  tJte  valves,  so  as  either  to  in- 
jecl  or  witlidraw  liquids  through  the  same  tube  without  shifUng  the  ftppt- 
roiuB.  No.  119  repreftcnu  one  thai  is  described  in  the  Journal  of  tba 
Frauklin  Inslituie,  (vol.  xiii,  323.)  It  consisu  of  ui  ordinary  •vrtnge 
•cruwed  to  m  oylitidrical  valve  box  which  conbutu  two  egg-shaped  eavi- 
dea.  In  uv:h  cavity  is  a  small  and  loose  iplieric&l  \-aive  thai  fiu  either  of 
the  orifices.  Two  flexible  tulien  arc  aUnchcd  to  each  cavity  aa  ropreAi*nled. 
Suppose  the  upper  lube  inaencd  into  a  person's  stomach  and  the  tow 
one  into  a  basin  of  warm  waior ;  if  tlic  syTingc  were  then  worked, 
liijiild  would  be  forced  into  the  stomach  and  the  poison  diluted  :  then 
turning  ihe  in;trutUL-nt  in  the  hand  so  as  U)  bring  the  upper  lulte  do' 
(witlmiii  wiihdrawing  the  one  in  the  itomach,]  the  valves  would  drop  npofl 
the  ocImt  orifice*  in  each  cavity,  and  the  syringe  would  r«ise  dw  co. 
vfihe  Moaiaeh  into  the  basin,  na  ropTcaented  m  \kve  &^t«. 


ted. 
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"We  htivp  no  Idf^a  that  (he  invenuir  of  the  siomarh  pump  svoa  indobtcd 
lo  Hn^ihraa  for  the  hini,  yet  that  old  warrior  6P<>m(i  not  onjv  to  have  been 
I  proper  suhjccT  for  its  ncrasinnal  application,  biu  he  ftpneais  to  have  had 
taaw  notioTta  that  might  eventually  havo  led  to  il,  Tiiobo  raoden  wbo 
■re  familiar  with  Butler's  account  of  him  will  remember  thai  when  he  wu 
inmlied  by  Talgol  the  butcher,  the  knight,  aa  he  justly  migh^ 

"  grow  bi^fh  ill  wroth, 

AikI  lillinfi  haiiil»  atul  Bf*  up  liotli, 
Thrvv  till)**  liH  •maui  au  timmirh  •laut 
Frotn  wfaeac«  si  Jut  UieM  wonb  (>rok«  out ; 

Nor  all  that  ftrca  dwi  niakaa  Ihac  iiroud. 

BeeauM  by  bullocks  ne'er  wiihoiood. 

Shall  Mv«,  or  Iwlp  tke«  to  ovnde 

Th«  haiMl  of  jiuitce.  or  thi>  blad*. 

Nor  Nhnll  Ihi»«  wu/di  orvetiam  baM, 

Which  Umni  b«i1  frnni  ificir  Datirs  plaoa 

li%lf  tUmndt,  fvmp'd  in  lltUK  oa  nrs 

0«  UBKveHfcil :     •  •  •  • 

TImi]  do  WD  tbo  una  ihroai  shall  dcTour  'om, 

Like  tainted  beof,  aJad  pay  dear  Tor  'em." — Cuila  It,  Pait  I. 

It  waa  a  common  practice  witli  the  ancient  Roman  npicurea  to  empty  the 
■tomach  by  an  eni«tic  before  dinni-r,  Had  xhv  iipplicnUrm  of  thr  pump 
tor  «i»rh  a  purpoae  l>«en  th«n  known,  it  would  of  nmnte  havu  bi^vn  prw 
£err«cl  a*  the  more  agreeable  and  certain  devire  of  the  two.  But  if  Uio 
aitcietita  had  no  apparatn*  for  withdrawing^  the  rontenta  uf  tlie  atomach, 
the^  wertf  not  deoiitute  of  mt*»nK  for  conveying  iiauseoua  or  corroding 
uqutil>  into  it.  Pluiy,  in  his  Nat.  Hist,  xxk,  6.  says  aucb  mcdicmi-s  wurs 
•wallowed  "  thruugh  a  pipe  op  tumiul"  tnsertud  mio  the  mouth  fur  thai 
purpoK. 

^  Thu  pump  figured  at  No.  1 18  ejecu  wator  aa  a  s^ringu  and  only  when  the 
ptnoD  Uforwddown;  but  by  the  addioon  of  whul  is  called  ^aatr-rttxt,  the 

Btrcain  from  llio  dtvchurg- 
ing  pipi'  ""•/  be  made  con- 
tiiiutius:  this  vewf!  i^  dot- 
ed at  itA  upp<>r  part,  and 
open  al  bottom,  wnere  it  ia 
connected  by  acrews  to  the 
forcing  pipe  directly  over 
the  vaive,  as  represented  in 
t)ie  annexed  illuBtratKtn.  A 
discharging  pipe  may  then 
be  connected  to  tlu*  lower 
part  of  th«  vewit'l,  or  it  may 
be,  a»  it  often  la,  inverlod 
throiiu;fi  the  top,  in  which 
case  iti*  lower  end  should 
e:slend  nearly  to  lite  bouom. 
Wlii-n  by  the  descent  of  ihe 
pi»lon  water  !«  forced  out 
N*t«.   Kof^ia,  is.»p -«b  *ir-.r«i.  of  ,|,p  pyiimler.  part   of  It 

rabm  the  pipe,  aiuJ  p»rt  nislt^s  pitsi  it  and  roixpnaiti  ihe  air  confineil  in 
tfie  upper  part   of  the  veotel ;  and  when   the   pi.4ton  is  raised  to  draw  a 
(re*h  portion  into  the  cylinder,  iJ^i-t  air  expands  and  drivea  out  the  water 
tint  comyresMrd  it  a'wJ  thus  rcnderii  the  stream  cjiORtant.     \\  W^  W  ^»«- 
tviited  tfiMt  thv  quantity  of  wafer  raised  u  not  mcreutsd  V>^  Ctaa  attMv%*- 
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RiPDt;  tu  flow  from  thu  duohir^ng  oriBce  being  mervly  niDdetvcl  yiH&Ri, 
or  nearly  eu. 

In  (ho  ordiliarv  xisv  of  Torcing  niimpfl  a  coustant   instead  of  ui  itmf- 
rupted  How   of  waUrr  TrtMn   ilic   diwluu-giii^  oriticp,  may  b«  n   trmr'-r  iif 
no  importance  :  but  wbea  Uiasu  of  large  iliniL'ii^oiiii  are  rcipi 
it  to  great  «'l<^vatiflnii,  sir  vesBcU  an'   not  nnlv  laluxlile  hut  : 
a^junrlii;   fur  the  elastic  fluid  untlitn  them  forms  n  im-diititi  I 
overcoming  ilic  iitertta  of  the  ascending  li(]uii)  columns,  ami  : 
▼enu  t)Ki*e  jars  and  ihncks  which  are  incident  tii  all  non-elaattc  sin 
in  rapid  motion,  when  brought  suddenly  lo  a  state  of  rose     A  coii. 
water  moving  with  great  velocity  through  a  pump,  prttdaces,  vh  n  : 
atantly  niont,  a  cnncua^on  like  that  ofa  solid  rod  of  the  ramo  !"  "'    ' 
iu  end  is  dnven  against  an  unyielding  nlgcct :  but  with  an  a/ 
effect  is  like  thnt  of  the  same  rod  when  hrnught  in  contact  viwi  n  i-u    >t 
Roiton  or  caoutchouc.     Lnsa  force  is  required  also  lo  work  pumpi  tliat. 
bavo  air-TBsacls,  hecauae  in  thutn  the  column  of  water  in  the  dtMilmrfiug 
pip«  ia  continued  in  mnliun  during  tlie   a.<icent  of  tlic  piston,  hence  it  bis 
not  lo  be  moved  from  a  Btate  of  rest  on  tlie  piston's  return.     When  two 
or  more  cylinders  are  connected  to  one  dischu-giug  pipe,  one  airteisol 
onW  ia  required,  aa  in  fire-engines,  water-works,  ice. 

It  is  this  kind  of  forcing  pump  that  ta  generally  adopted  hi  water-if"^* 
for  the   supply  of  towns  and   citirs ;  the  piston   rods  being  raf 
cranks  or  levers  atuohcd  to  water  wheels:  sometimes  they  are  dfr 
wtndnitlls,  steam-engines,  and  by  animals.     The  cylinders  are  coattwaly 
used  |»eipcndicnl«rly  as  in  the  figure,  but  they  arc  sometimes  wortt»«i  *** 
an  inclined  and  alao  in  a  horizontal  posidan. 

The  celebrated  pump  of  Ctcslbiua  wea  cotistrnfted  like  that  pcpre*-"""*' 
in  the  last  figure,  except  that  it  had  two  cylinders.   It  aeema  lo  bs'. 
almost  identical  in  its  construction  with  our  fire>«ii)gines.  "  It  remaiii?  '■'■ 
[says  VitruviuK]  to  describe  the  machine  ofCleaibius  which  ruaes  wau^ 
very  high.     This  i*  imidH  of  brass;  at  the  bottom  a  pair  of  bu'  ' 
der»]  are   placed  at  a  little  distance,  baWng  |Hpe>  tike  the  shk[ 
annexed,  tofeting  in  a  baain  in  the  middle.     At  ihe  upper  hule*  ut    ^'"-' 
pipes  witliin  tlie  basin,  are  made  valves,  hinged  with  very  exuct  join**' 
which,  >tlii|iping  the  holes,  prevent  the  efflux  vf  the  water  dial  ■ 

f>resNed  into  the  baiiin  by  tlie  air.    Upon  the  basin  a  cover  like  uii  w 
aatml  in  Itttetl,  wliich  is  adjoined  and   faatertod  to  the  basin  by  ■  rol^^^ 
riveted  riirough,  tliat  iJie   pressure  of  the  water  may  not  force  it  off:  ^^ 
OS  ihe  top  of  it,  a  pipe  called  the  lit6a,  is  affixed   perpendiculnrly.     "I 
buckeu  (cylindersj  have  valves  placed  below  the   lower  mourhe  of 
'pipes,  and  fixed  over  boles  that  are  in  their  bottoms  :  th«n  piston*  tur 
very  smootli  aitd   anointed  with  oil,  being  inoloaed  in  tlto  barkcts  [ty' 
ders]  are  worked  with  bars  and  levers  from  above ;  th«   r*'peatrd  nmt 
of  Uicsc,  up  and  down,  pressing  the  air  that  is  therein  enntainrd  with 
water,  the  noles  being  snut  by  the  valv«»B,  forces  and  t-xtrudps  the  wa^ 
iJirough  the  mouths  of  the  pipes  into  ihe  basin;  (rom  wlwnnrr  r  ~ 

cover,  the  air  presses  it  upwards  through  thi-  pipe;  and  liius  u 
situadon  of  the  reservoir,  raises  it  to  supply  the  public  roiuitauu. '     Uo 
X.  cap.  12.     Newton's  Trans. 

The  machine  as  thus  described  ia  a  proof  of  the  progrew  •' 
dents  had  m'lde   in  hydraulics  :  the  whole  appi-rir*   l«  Invr 
most  durable  materials,  iind  of  the  best  workiii:> 
of  this  and  odicr  mochiDes  which  Vitravius  in" 
there  U  litUe  difficulty  in  resliKing  ita  conatmctton  Iroin  tbe  teat.   'I 
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Uir»  and  catnmpntiiliira.bave  pcneraJly  tL^reod  in  their  views  of  it  aa  rc- 
pre*i'nli-d  below,  viz  ;  two  ortliiiary  forcing  pmnpa  connected  lo  «a  «r- 
TetMl  knd  one  dlfcliarf^inK  pipe. 


KU.IH,    lUdilMflfCUabliUi. 


TTit>cylind«!r»  arc  •ecurpil  in  a  frame  of  timWr,  and  the  piM-nn  rorta  are 
*tto<:h<'d  liy  joints  W  levers,  one  end  of  which  are  doprns*eH  by  cams  on 
^ff  axis  of  ihi!  whetil,  us  shown  above  and  also  ai  No.  89.  BuHmro  hiu 
"gured  iL  crank  at  the  flxis  which  gives  a  peciprocaiing  motion  lo  u  hori- 
*untal  ith«fi  plarpH  nverihe  ptimpti.nnd  projerringpicrenfTOm  which  impart 
•Tloridti  to  the  pi.ilnn  rods.  Vitruvins  iniornw  iia  mat  when  machiiMie  wure 
•'xnphiyed  to  raise  water  from  rivfirB,  they  were  workt-d  l)y  undershot 
Mfheelj  irapclled  by  the  Atrt^am,  anrl  hpuf.*'.  the  pumps  of  Ctvsibius  were 
b(«lieved  to  have  reen  movpd  hy  the  same  meaiu. 

But  for  VitruviiiB  we  shnulH  not  hiivc  known  that  forcing  piimpa  wo- 
Vthated  part  of  the  wmep  works  of  antiniiitv ;  and  had  he  not  remarked 
tiiai  they  were  employed  to  supply  "  piihiic  Umntniiia,"  it  might  have  been 
snppOKcd  tJiat  waujp  never  tdbc  higlier  la  the  dwrlliugs  "f  ancient  citiea 
diu]  that  which  was  drawn  dipetitiy  from  the  aciueducts. 

Tt  would  Iw  almoax  unpHnlonabli;  u>  pass  over  this  celebrated  machine 

without  further  remark,  since  it  is.  in  wjverai  respects,  one  of  tjie  most 

intBrestiiig  of  ail  antiijuiiy.     An  account  of  it»  origin  and  early  liislory 

vcnild  form  a  commentary  on  moit  of  the  arts  and  scienceti  of  the  anciontv, 

would,  wo  IwlievL-.  furnish  evidence  of  llieir  progress  in  tome  of  iheia 

,  few  an-  willing  to  buliuTe.     Although  tt  wan  attributed  to  Ctesihius. 

<re  is  some  uncerliuniy  respecting  div  ^rxteiit  of  his  cluins.     It  ma^  lU^- 

pev  iorijiotia  to  attempt  lo  roll  this  illustrious  man  o(  wvcnlvtm»  a*tT&«\ 

to  AiiB,  bat  oar  object  u  to  ascertain,  not  to  dcptecurte  iVeitv  or  ivtta««te. 


Claima  ^  Ctmbima, 
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dteir  iiiimher.     Il   )uta   frw|u«Mtly  1»  ■  -kt-ii   that 

eaii  lie  |ilar^  on  tUK'irtit  wriu;r»  a*  :.  ■    autiinra 

chitioa.     CTfnenUly    Uniwf?    whu   inlnKiuct^a    tlieit)   from    .1    i-ii 
proved    llicrii,  irirrfa»e<l  tlit-tr  rfleoU,  or  exlendfi^i  ihpir  /tj  j 
reputf?il  tJicir  invonuira.     This  lias  bcnri  ihe  c««e  more  or     ■ 
part  of  ilif  world,  aiul  in  mi  Ht  tlio  present  day.     The  Gn-tl 
tbors  amon)^  iWiiuelvex  for  alii)o«t  every  □iBchinc,  alUiuiieli  ino'i 
Were  certainly  denvpil  from  EfjyC-.     Tim*,  the  »aii«  «iwi  maifa  o; 
UlC   wedge,  auger,  axe   and    level,  were    known   before    Da^^lidua. 
saw,  drill,  c-ompaases,  glue  and  dovetailing,  before  Telua.     CmI  t-.-' 
empluyed,  and   moulding^  practiced,  aitd   tlie  lailif  invmiKHl,  lotiw' 
Thcodorua  of  JSainoa  lived ;  and  the  ftcrew  and  the  crane  tx-rorr  A 
The   lost   itwlividual  was  celcbmietl  for  mrious  invc titioit.-t,  ami 
others,  AriAtulie  nieiitinna  ilio   child'i   rattle,  from  which  il  may  >'i 
red  that   he  wai   an   umiahle   man  and   foiul  of  cKildre}>~-biit  El 
cliildron  were  onuiseii  uitli  variouB   Hfiecies  of  toys.  ceiUune*  K ' 
(b)(iri<ihe<l ;  and   Uiey  then  had   dolU  whose   limbs  n^ern   mnrpiJ 
pulling  of  strings  or  wireK,  oh  ours  have  at  this  ilnv-     Wilkinsan' 
tiers  and  Ciisioni*  of  (he  Ancient  Gvgptiins.      Vol.  li,  06-7. 

As  regards    machines   for    raising  water,  we    have    alm-ady  w 
lome    have  heen  iiscribed  to  others  than  their  aulhors.      ]!lven  tl^^ 
has  b«-en  BUribiiicd  to  Ciesiliius,  f  Adams's  Ijcctnrea,  vol.  iii,  37S,) 
it  was  found  in  the  construction  OI  his  rlepsvdra,  and  no  enrlirr  nf>[ 
of  it  was  then  known;  but  it  is  now  asrertained  tohsvr  betm  inrtiim 
amonn  his  cotintrytnen   in  the  renmte  age  of  Kameses^in  t'l"    > 
^•m  of  Kgypr,  vk-hen  the  arts,  vnr  are  informml,  "  attained  n  li' 
feclion,  which  no  aVler  age  succeeded  in  imitating."  Had  rhc  '  «_i.ir 
rim  of  Ctusibius"  to  which  V'itruviue  referred  his  readers  for  ftirth' : 
■nation,  l*i*en  preeervod,  wc  should  have  had  no  occ^isinn  to  ati'iuji- 
nition  of  his  diiitns  fo   the  forcing  pump;  unfortnnaiely,  bnwi'-'-.  (l--* 
and  Archimedes'  Treuiise   on  I'lieumatic  and  Hvdrristatir  Mi  ' 

perinhed,  and  have  left  us  in  comparative  ignorance  of  the  h. 
machinrs  among  the  nncienis. 

Wi?  have  already  seen  tlwt  the  fringe  was  in  common  asr  ngt^  ^ifV^** 
CtfHiliius,  and  ihal  it  was  employeil  by  philosophers   tii  illtislM 
polhi^MH  ni'  \valpr  rushing  mm  a  varunm.      Now  a  ftirring  pu:- 
a  ayringu  with  an  addinonnl   orilicu  for  the  liquid's  diFihirg",  and  lMiV"**bj 
both  its  ^l•cei^•ing  and  dischargint;  orifices  covered  bv  vojrcs  or  cinrks.  t?  ^' 
•ibiUs  tlicrL-forti  did  not  invent  the  piston  and  cylinaer,  nor  was  he  the  f» 
to  discover  tin;  appUcatian  of  these  to  force  waier,  lor  they  wore  in 
Tiotu  une  and  for  that  purpuae.    Was  he  the  invuniop  of  valves  t     Ni 
thoy  wuro  ueudintheEpypliati  buUuws  thirteen  or  fourtocn  htuidred 
before  he  lived,  and  oppoar  always  to  bavu  been  an  ceBt*iitial  part  of 
itiTlruineutx,     They  were   employed  in  clepi^ydra  ;  and  M'ere  matt  1 
uied  in   the  hydraulic  organ  of  Archimedes,  which  TcnuUian  Ims 
cHhed.     [k  tliL-  arran^emmt  of  the  vtilves,   by  which  water  i> 
tluougb  oite  utid  expelled  by  tlic  other,  to  he  ascribed  to  him  1   W«> 
tto((  for  the  tame  arrangcmatt  wus  pruviously  adopted   p  I 

fkr  u  mgardK  the  nppiicatiun  tif  utie  of  them,  and  the  p 
KJkI  if  it  could  be  shown  that  the  (Jhioesr  bellows  wns  ihm  in  it>r,  lu 
ttippDM  11  wns.  ozmI  possibly  kno\</ti  in  ECs^'pt.  (for  that   innie  m 
did  lakti  place  in  ancient  tiinLf  iK'lwcn  K[;ypi  ami  ('liina,  eren  if 
pie  be  not  a  cnlony  of  the  ulher.  is  proved  hyC'htnesc  bni:l.'^  ..n, 
rions  Ibuud  in  the  tombs  tit  Thebes,)  then  llic  mnrit  <'i 
MOtan  la  he  cattfiiwd  prtodpoUy  to  the  coruorucQiMi q(  m......^  .■ 
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wat£r  &rcen,"  or,  to  Mr  apftKation  vfvairu  to  thr  ordiaary  ayringt,  by 

nrkicb  ll  wu  eonverh.>tJ  into  n  ibrciug  pump,  I'lUiur  fur  air  ur  ^^-ntvr.  But 
',  is  nut  cenuii  dint  thv  tut  wuit  nut  uouv  Iwl'uru,  tur  aoitliiT  Vitru\'iu£  nor 
*linjr  iWKTU  tittit  "  WiU«;r  fon-vni"  worv  iivt  iii  pruviuiw  use.  The  Ibmiar 
Ays  be  spplieil  Uie  priuctplv  of  "  cumpn;iHH;d  sir"  to  tlivm,  to  comnun 
unih  "  b^draulic  (irg«n«,"  "  auiorouton!!."  "  luwr  uiid  turning  mv^iws," 
ml  "  Wilier  iltalx,"  (B<iok  ix,  cap.  9;)  hencu  it  inuy  ux  well  be  conrludcd 
niiD  ilit«  )Mis«age.  tliiu  he  invenitiU  rJie^;  uit  ilu-  pump.  It  is,  iudi.'L>iI.  nliiDsf 
mpuMiblu  to  hvlicve  tlmi  th«  Kgyptiaiis,  of  wtiui*.*  Hugiioity  auil  inifnuilv, 
UanvKlItidmtiiiiimoni»huve  como  duvvii,d)d  uotdvlt-ct  tlit;apt'!i<:i''iiiii  lioth 
rf  tlitt  bellowi  and  tiyringo  to  i-ai&«  \v<iier  lung  bcfuro  Cu-nil'ine  livud ; 
tenoe  wre  are  inclined  lu  plac(>  the  forcinjj  pump  in  its  «iiuplt;&t  rorni,  wiib 
the  ayringe  and  atmotpbenc  pump,  uoong  the  worlu — 

"  Of  nantts  ante  fiunAd,  now  dubjouii  nr  Toirgnt 
Aad  botiKl  'nitUl  th«  mntk  of  thioga  ttul  wen." 

That  tfap  forcing  pitmp  wm  groatl^  improved  by  CtL-sibiuE.  ihcrp  oan' 
Im  DO  qacftiicm :  but  thrit  which  ;;avc  r<*lcbriiy  to  his  machiiif  was  proba- 
bly tht.'  iiir-v««8cl,an  juiditirtn,  whirh  ihoueh  not  vcr\'  clearly  dcscriliod  !■ 
fitmrius,  appears  to  h&rc  nn<^i luiti^i)  with  him.  By  tl  thv  pump  iasl(?a<i 
if  [Lcdng  n*  bt'lore  like  a  nquin  or  nyringo  produceila  continuous  strcaio 
a  in  fijft  (Teau,  a  refnilt  well  adapted  to  oxciif  admiration,  and  to  give 
oclat  to  hiA  name.  The  wholp  arcnunt  of  hi«  machine  shows  its  conncc- 
vHth  and  dependence  upon  air;  whereas  hnd  it  been  simply  a  forcing 
mp  it  would  have  had  nothing  to  do  with  it:  it  wonhl  have  rai.^>d  water 
'ependenily  of  ii ;  and  without  an  nir-veiinel  Viinmua  never  could  hafo 
rtycd  that  it  forced  water  up  the  discharging  tul>e  by  meaiui  of  "air 
_  it  upwards."  Compres-ipd  air  arted  a  prominent  part  in  all  his 
[d  his  wind  giinn,  wnirr  cln4:ka,  and  numerous  aniomnta ;  «ome 
tiiu  latter  in  the  shape  of  birds.  Sec,  appeared  to  sing,  other*  "  sounded 
peia,"  and  ibe»o  resulw  are  iiaid  to  have  been  produced  wilJi  "  Hciida 
Med  by  the  force  of  arr."  We  may  add  that  he  comnres^d  air  in 
Tsnlic  organs  and  precisely  in  the  same  manner  ax  in  the  pump, 
Ix  :  by  water,  aivl  by  either  air  or  water  forcing  pump,*.  The  rommence- 
«ni  of  his  diiicoverien  wna  the  exportmnQt  on  air  with  the  weight  and 
lecnlnm  in  his  faiher'a  iihop,  (see  pag»  122)  in  which  the  descending 
'(figfat  "enmprea-ied  the  tnclnaed  air"  and  forced  it  through  the  aeveraj 
ijomires  into  the  open«ir,  and  thereby  produced  distinct  sounds.  "When 
erefcre  Cleiuliius  observed  that  saundd  were  produced  from  the  com- 
rfMndon  and  concuMtton  of  air,  he  6ru  ma^  Uae  of  ihal  prinripie  in  cnn- 
iving  hydraulic  nr^riins,  aUo  water  forcers,  auiomaions."  &c.  What 
irinciple  wm«  thia  which  Vitrovios  says  ho  applied  to  water  forcers  in 
(knunon  wilh  orffans,  flcc.  ?  That  of  compressed  air,  aa  we  understand 
t ;  and  the  einpToymcBt  of  which  is  so  oviJent,  in  the  description  of 
ii«  machine  nlrcadv  given. 

D.H--S  any  one  doubt   that  iho  air-vmset  was  known  to,  and  uaod  by 
Stcsiliius  {    Let  him  recollect  that  Heron,  his  disciple  and  intimate  fricncl, 
in.^    i1«M   described   it ;    for  the  celuhrati'd  founiiun  of  this   philosopher, 
ll  bears  his   name,  and   remnifid  just  as  he  left  it,  is  simplv  an 
>t>r.  in  which   the  fluid  U  compres^d  by  a  column  of  water  in- 
uf  a  pump ;  %nd  one  of  his  machined  for  raiding  water  by  steam,  waa 
r.  in  which  the  elasticity  of  that  fluid  was  used  in  a  similar  maunor. 
cs  ihesi',  there  are  others  ropre«ented  in  the  Spiritaiia;  indeed,  a 


bat  pMlioa  of  ibi^  fignrea  in  that  work  are  modifications  of  sir  diam- 
riL     Ai  pagM  43  and    1 18,  of  Commandine's  Tfso^lation.  am  abowti 
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■pliDric&]  vesfepls  cnntmining  water,  iiilo  whirb  perpeiulieuliir  liisdarjpiif 
tubiT£  ile6n?m) :  ta  px]i(!l  thi'  tiqiiitl,  syriiigfci  or  mintiie  pumpa  arc  >i]i|M*« 
to  ibe  veseela,  lor  (ite  jiur^to.te  of  inJRcung  lur  nr  wuli-r,  nruJ  b^'  duu  iniaiii 
to  prodoKcjetJi  d'eau.  Thn  common  ityringti  in  bIro  tlguml  at  Urp^  miim 
ffcebon,  p.  120.*  Pliny  alt<o  (teems  to  rctbr  la  nii^veaaeU  in  his  xix  Ivak.  of 
4(  witPit;  he  dpeaks  of  wKter  lor<:<fil  iijt  "  hv  piiinpn  unci  suL-b  like,  ^if 
■with  fAf  atrmgth  of-urinA  eneiMfd."     Holbiiid's  Trena.  " 

vVa  the  uicieniA  hiive  nnt   pt)rlirulanr.C4l  ihi>  rlnimi!  of  Cinsihitu  to 

fump,  it  is  itnpossihir  lo  define  ihom  with  nrf^rifinn  si  thid  iliitaticp  of 
'eriiaps  the  iniiiruiiu>nt  hn!  biten  Iftid  artinp,  nr  tho  knowlriI;rc  of  ii 
lost  wiwn  he  revived  uml  Improved  ir,  bs  .lome  of  hi^  owi 
been  in  mixlern  times— his  ^in,  for  examplK,  of  whirli  i  .  :  . 

bum  haa  given  a  desrriplion,  nnd  whieh  "  woa  canstrurtrd  in  surh  i  bbb—- 
oer  a^i  to  cmrr^-  stonnii  wiih  grent  npidity  ri>  the  ereiUi-fit  tli>4tiincp."^    Il^h 
invention  has  been  claimed  hy  the  dermnnji,  the  French,  Dutrli,  nnd  6a^^ 
the  following  remark  of  Blniiivillc,  by  the  SwisR  idaa:  stM-uking  of  BuA  * 
be  observes,  "  They  moke  a  great-  noixe  here  altouC  a  hrllinh  itivenlioni^tf' 
a  gmtsmtlli,  whu  invented  wind  guns  and  pistols.    -Tbla  inveuiinn  tuav 
truly  called   diabolituil,  nuj  the   use  of  it  ou^ht  tm  be  forbid  ini  pun 
dciUh."'  Now  if  the  ini»iei-ii  inventiir  of  the  air  piui,  nn  insirumKo:  wliii 
(wo  centuries  ajfo,  was  sfw>kt^n  of  as  "a  lale  invention, "^  rannnt  wiilii'i 
tainty  bo  ascerlaim-d,  it  rati  hardly  be  expected  thai  the  ' 
Cleflibitifl  to  tJie  pun>p  can  be  jMiinted  uui  after  a  Upae  of  -  > 
yns  the  first  U>  cotnbinc  two  or  mure  cylinders  to  one  difleha; 
lo  form  lliem  of  metal,  as  well  as  the  valves  ond  pistons — miil 
invent  and  apply  air-vessels,  his  claitnd  are  grout  indeed,  ainl  llir 
thai  is   known  to  the  conlmry  he  is  entitled   to  them  all.     IE*  mrnw 
respects  the  latter  will  l>e  apparent,  if  we  coll  to  mmil  llie  (oirl  lltni  difir 
kppliealion  to  pumps  has  tiot  Ix^n  known  tu  Europe  for  Iwu  cciitufin! 
ftoa  that   llieii-  inlroductioti  was  in  all  proliabiltly  derived  from  him,  f-v  " 
was  not  till  a  hundred  veara  afVer  Vitruvius's  de«uriptioii  of  hi*  atdiM 
bad  been  tmiislatetl,  prmted  and  circulated,  that  we  first  hoar  of  air-vru*'> 
in  modem  tiraea. 

We  mny  jiero  remark  thai  at  wbatsver  period  tobatro  was  first  sdtokM 
in  lite  Hookah,  (and  according  to  tome  authors,  iliis  weed  was  mei  i" 
Ana  before  Uie  discovery  of  America,)  lite  air-vessel  was  kntiwti;  Cir  tW 
instnuuenl  is    a    perfect  one,  as  any  person   may  prove  i  > 

experiment :  tt>t  a  smoker,  instead  of  sucking  ul  llie  end  i>  -' 

he   inserls  in  liia  mouth,  A/'nc  through  il,  and   the  lu^uid  ro'.  ' 

hookah  will  be  forced  out  tlirough  the  nerpendiculnr  iidie  it 
weed  is  placed  as  in  a  miniature  ftre-engiiie,  carrying  upviih  it  dn 
of  tobacco,  Bomewhat  in  llie  manner  of  those  light-hHlis  wliicli  wx-l- 
times  placed  onjftA  d'eau,  or  the  bov's  iwa  playing  tm  ;i  pi)>e  Mt-m.     A* 
opemtion,  in   the  opinion  of  tiome  pnysicians,  mvrr  bot^firitU  to  th« 
former  than  the  ordiitury  one,  and  dispo«ittg  of  tbu  •ceobMl  material 
roaauer  mom  *uiieU  to  ita  vatoe. 


■  Haroni*  AlrxniKlritii  flpiriiBlium  libar. 
GnMonuni^r  m  l^iinuinci'JiivAr'Xi*.  Ii)83. 
^  nmra*  Inqinrv   into  ihi;  Utigiti  of  tiM 
Travels,  t,  Seu.    *  WiUtins'  Hat.  Ma«ie. 
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'WfUKVvdi    1^  MlfV'i  iluulila  MUif  |iu»|»-nua«M  pomp;   larMiWd  by  HooUadi 
tk«  I  (   •udnr>UB|>'«uirut>  «  Uit  |iwnp— -A^plxalkaof  U  U«llHVfir|w>M  ItiMinli- 

Ua^    ■■  •i.'MB  iiluagnr  |>UBji— 4ti>n,b«lTCt  paiwp*— Ap(rflc«Wi»  nf  th«  pr>»dp*g  ot  llra»«rt 

pri^H  I7  b«>  w  (>>ru>«  honfy  U>b<  ILati  t*IU.  TwiUx  fVOip*  Vttk  b^MT  plttoM :  ltM(>l«9*4  !•  fMMk 
|^»«  ■»■ » iirk»— ^ywiaw n  rioiu  ■)■•  omLi  ai  Nditd  ttuBr— LilUai  pasp  ft«a  Agrtcuto— B» <■  rli  DMaf 
^i>^7>— Ijitnci  fTMi  Bi  oU  pwBp-atk4r'>  clnalv— LiAiof  pvtifwoMli  (w  |>lHa«*— Contiattlaa 
tf    SauUu*  aail  inltil  |iHlaii*— Trmalkick'*  pmnf — Perkma*  |iuw|i. 

Or  llut  vxrvoiM  modificaCtOBS  which  the  Torcine  pump  haa  undergone 
»wtfni  timt^  WW  con  oocict)  bm  a  few,  and  of  Umtw  lliv  grcaltT  part 
'<?rf  ojiMt  liktfly  known  to  ancwnt  (.•ngini-rirB,  Th»?  mom  jiromincnf,  uue 
sW  liv  \v)iir)i  thi!  inachiiio  is  made  duubU*  nrtiiig.  N'ow  ihi?  drvicv  by 
'Tiicb  iliu  w  t^tiected  hiw  not  only  l'rc<]«rnlJy  otxurmHi  to  ijuitr  m  nmnli^r 
*■  iTtKL-ni'iu*  mvn  lu  ihi'ir  cndcuvuura  to  iiujirove  tJic  pump  who  wore  ig- 
a«3ruii  ol'  iu  littvmg  Iwcn  ac<:oiupliDh«.>d  ;  but  it  iii  an  exact  cupy  of  uoo 
m  liaji  beeo  applied  to  lliu  wind  ptiiup  of  China  from  tinio  immemorial, 
l*>^  No.  Uif :)  it  probably  thvr«forv  did  not  csvayv  stioli  men  as  Ctesibius, 
~t«l  Ucron.  and  othen  who  appear  to  liare  exercised  tlieir  bisenuity  aad 
"  'I'a  utnofll  in  order  to  inipruve  this  machine,  &na  who  wcrt 
y  aiuiched  to  such  reseorchet^  The  remarks  on  modern 
>>.  1114  of  the  atmospheric  pump,  pages  ^2o-0,  are  equally  »p[ilica- 
to  lho4>e  of  tbe  tbrcinf;  one;  and  it  is  wortliy  of  remark,  that  noiwith- 
Ow  pn*w*nt  improved  stale  of  mechanical  science,  tl»e  ancient 
'liotli  now  prevail — tor  the  forcing  pump  an  made  by  Ctesibius  in 
,  and  114  dt-scrtb«d  by  Viinivius  as  used  by  the  RotnanB,  is  still  mont 
>u  llian  any  other. 
,fi«  doulile  acting  pump  represented  in  the  figure,  was  de»-ised  by  M, 
•■-•B  Hire  in  the  «&rly  part  of  the  last  century.  Rib  description  of  it  was 
F^blish(.-d  in  the  Meraoirit  ofthr  Frt-iich  Acadf^my  in  1716;  and  from  one 

of  Iu«  exprcMiona  viv  pvircvwu  (what  was  in- 
di-fd  very  tiatursl)  that  if  In-  wim  not  indebted 
for  ihe  improvcmitiit  \i>  tin-  <-itnttimplulton  of 
bellows,  tliuse  inrtnimttntii  were  at  Iwiet  «;loee- 
ly  luwociaced  with  it  in  hi*  mind.  The  piunp 
I  propose  (liK  obM!r>-«»]  furniiihei*  water  con- 
tinually, "just  us  tlic  double  bellows  makes 
a  contiiiud  wind."  Tbe  pixun  rod  paMee 
tliroiigb  a  titulTin^  box  or  culltu*  of  leatJicra  on 
iho  lop  of  the  cylinder.  The  lauer  Ikw  fiiur 
'ijieningf  covered  by  valves  or  nlucks;  two 
for  t)ie  iidniiitnioii  of  wnter  and  llie  Miiie  nuni' 
l>or  lor  its  discharge.  A  1)  in  the  fuotion  pipe, 
and  C  D  the  ascendini;  nr  disrhnr^ing  one. 
Appose  tlie  lower  end  of  die  *iic-tion  pipe  in 
water;  t)ien  if  the  |>islon  be  thrust  down, 
the  vidve  near  B  will  close,  nnd  tlw  otr  in  lltw 
lowei  jMin  of  tlm  rvlinder  will  hi?  forctij 
through  the  v^ive  at  D  and  up  the  pipe  D  C, 
mid  in  coi>B«!quence  of  ihe  F&rebicUon  of  the 
air  abore  the  pi3tot^  tlte  v«Wc  ai  C  WiSi  ^ 
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cloved,  vid  WRber  will  aiicentl  through  B  A  and  enter  the  eyXistdtT  H  A{ 
llieQ  if  the  pUtHii  be  ivued  it  will  Sorrf  oil  the  walffr  ahore  il  ihn<ti^h  tW 
valvo  at  C,  the  only  passage  for  it,  while  at  tiu:  sauie  lime  «  fredi  |iunjMB 
will  enter  ihu  cyUmltT  ihroug^h  ihe  valve  at  II.  Thus  al  evrry  tuokc  iif 
the  piston,  whether  up  or  down,  lie  coHtentv  uf  the  cylindrr  ar*  fuiml 
out  at  one  end,  and  il  is  replenished  at  the  flamn  time  lltrouRh  ihe  ulW; 
tiiiA  pump  tlierefore  diMbargea  double  the  ijuanUCy  of  water  tlial  au  onfi- 
Dary  one  of  the  same  dimensions  does.  The  |MAbon  rod  may  he  iitwrtnl 
through  eithiT  end  oi'  the  cylinder,  aacircun»tancea  Juay  cmfiunr.  Timm 
pumps  are  fi-ciiucntly  uacd  in  a  borteontal  postlioD. 

Another  vani«ioii  of  the  forcing  pump  conwaU  in  making  the  putonof 
ihe  same  length  as  the  cylinder  but  rather  1cm  in  diaiDcter,  m  that  it  Dujr 
be  moved  freely  in  the  former  without  touching  the  side-*.  These  fiaatt 
aro  mAilc  wholly  of  metal  ond  turned  smooth  and  cylindricnl,  bo  ailp 
work  through  a  staffing  box  or  cupped  leather*.  The  ijuuntity  of  wtfer 
rained  at  each  stroke  has  therefore  no  reference  to  the  cupftcity  nf  dk* 
cylinder,  however  large  then  part  of  one  of  tlie»e  pumps  may  be.  for  ihf 
bquid  iliiiplared  hv  the  piston  ran  only  be  equal  to  that  parr  of  thr  Uaa 
dtnl  entrrs  tlie  cylinder.  Switxpr  bsA  given  a  fi^ire  and  descriptioii  if  u 
old  en^nc  rampoeed  of  three  of  these  punmii  "  that  has  been  some  von 
ereried  in  the  rounw  of  Stirrey."  Kewion  haA  ^gunKl  the  fusion  beUMi 
dosrrihed  by  Vitrunu*  lu  furnishing  wind  to  hydraulic  organs  in  anmilir 
way.  In  Commandine'a  tTansIation  of  Heron's  Spiritalia,  page  159,  lb 
soioe  kind  of  plimgi^r  is  figured  in  a  pump  l>rlan^ng  to  a  water  <irnoi 
sad  Bt  p.  71,  a  firc-L'nf*ine,  with  two  working  cylinders,  has  pistons  of  Lke 
■amc  kind.  These  ptstona  were  formerly  natned  plungers,  and  the  cinnp* 
plunfrcr-puinpa.  1  iieir  construction  and  action  will  be  understood  liy  wf 
figure,  whirli  represents  o|m>  of  a  numlMrr  that  M'erei! 
ployed  in  lite  water-works,  York  Building,  Ijimiatti 
the  lust  century.  The  nislon  was  of  brass,  cast  holLc 
and  tilted  with  lead,  the  ouLiide  being  "  turned 
and  smooth."  A  short  rod  attached  lu  ilte  utipirr  c 
of  the  piston  was  uoniiccicd  by  a  chain  lo  the  arcK 
end  of  a  ribratiiig  beam,  tliat  was  moved  by  nan 
Newcomen's  engines.  The  piston  was  then*fore  tnei 
ly  raided  by  the  engine,  while  its  own  Mr»-ight  ci 
il  down :  to  render  it  ^ifflcicDJly  henrr  for  this  pn^^^^ 
po«c,  a  number  of  leaden  d)ik»  (or  cheeses,  as  Vn^^^f, 
wen:  named  from  their  form]  having  holes  in  ih^^^^ 
centres,  were  slipped  over  the  rod  and  rested  upon  fhr~  ^.,  ■ 
piston,  08  in  the  figure.  These  were  tncreaaed  o"*^^^!! 
ihev  were  found  efficient  to  press  down  the  pwe^^^ 
nnti  force  the  water  up  the  ascetidino:  pipe.  The  eap^^f 
ped  leathers  through  which  the  pwion  worked. 
•unilar  to  those  now  used  in  the  hydrosiatic  press. 
snuU  eistem  was  sometimes  formed  on  the  lop  of  di. 

fpump,  thai  the  water  it  contained  mig^t  prevent  ai 
rom  entering  through  the  Btuffing  box  or  bctM-een  th^^^' 
cupped  Itjsthen :  it  served  alao  to  charge  the  pump^-* 
ihmagh  a  small  pipe  or  cnek.     A  valve  opening  np— ^ 
wards  was  soroetimes  placed  Jufit  sbovc  the  plug  cc^' 
the  cock,  and  the   latter  left  open  when  the   matinilio^ 
wa«  staned.  that  the    air   \rilnin  the   i-ylinder  nu};hr 
AScapL'  i  and  as  soon  u  the  water  roae  and  filled  the  pump,  the  epck  wa.p 
«Atfl,     Jt  it  itamalerinl  at  what  pan  o5  tW:  ^n^uAct  \ta»  Sot»;"wi  m  «k««A- 
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U  usKhcd,  wbvtfaor  tt  lUv  buttom,  near  ibc  top,  or  st  Bay  mtor- 
*daie  pUcK.  Small  puiujii)  vt'  i)tt»  Liiul  *re  now  commonly  employW 
|A|d  aluuu  Lniik'n  uail  fur  utht;r  purputes,  aiid  are  worked  by  leTers 
^Km  ordinary  liltini;  luid  furviiig  puiiip>,  iIk-  ptHtou*  being  pres«?rved 

Hi'  veil  to  be  of  Englisli  origio,  haring  been  in* 

■hrI  b^  :?..- ^aiiiut'l  MiTi'liunl,  "  iiiifc-fur  ot'  mechiniicr"  to  Chsries  3d. 
kis  somr  (ltd  ['liiloHijtlnTf,  Im^  cNri-^ocd  lii»  ingenuity  in  iniprtiN'ing  by- 
niilic  und  utiicr  <vi^>ini-p,  fur  nti»uiir  WHlcr.  Uuitides  the  plunger  punip, 
r  wliirb  hv  nlituiiittil  u  patuiit  in  ltJ75,  he  invented  b '*  cydo-ellipuc 
Hmvut"  i'nr  intiiMiiiituig  rnoiion  to  pii^toti  rxult,  a  figure  of  which  i^  io- 
Hl  by  Ik>h<]or  in  \hf  ^ocond  vohiute  of  hits  Arch.  Hydrauli^^ue.  Hj  is 
In  tbe  reputed  invotiior  of  ibe  speaking  ininipec,*  of  a  capemn,  uml  a 
am-engiiie.  In  1661  lie  made  esperimenu  witii  an  engine  cuiui^iungof 
ntiir  more  of  liis  puiupj  lu  Windsor,  in  presence  of  che  king  and  coun. 
nring  which  he  forced  water  iroia  the  Toiunes  in  a  ocmdnuai  ilreun  ID 
e  up  of  the  cft.nle  ;  and  arconiing  to  Rr.  Hiittmi,  "  sixty  feet  higher." 
orelaad  visiuyl  h'ranrc  the  Mun«  or  the  following  year,  by  order  of  the 
kg,  to  exaraii»e  (Im;  famoiu  wnier-work.i  ni  Marti,  and  whilo  in  Paris  he 
klbit«d  mndolit  of  hi«  pump  beror(>  ihe  French  court,  aod  aUo  con- 
ooted  several  for  his  friends.  In  16R3  he  preseiiied  an  account  of  va- 
ii»  marhinpii  lor  raising  wiiti>r  lo  Louia  14lh,  in  a  manoAcrtpi  voltima 
itten  and  ornaoH^nled  u*ith  much  elegance;  and  in  168i^,  an  accoiini  of 

tmprovemenu  was  published  in  Paris  in  a  work  entitled,  "  Elevation 
■  easx  par  loiire  aorta  de  miichinee.  rd^iuite  &  la  mesure,  au  poide,  B  la 
aaoe,  par  le  moyen  d'un  uuuvt^au  pifiton  et  corps  de  pOQipe ;  el  d'un 
rreua  mourament  ryclo-elliplit)i)e,  et  rejctani:  riisage  tie  tonte  sorte  de 
nivplte  onlitiaires,  par  le  Chevalier  MorelnnH."  Tt  does  not  appear  that 

ever  publLihcd  this  work  in  GnglanH,  for  Swiizor  had  recourse  to 
■./zuam,  a  French  writer,  for  n  description  of  Mnreland'ft  pump  ;  «i(  be 
lid  procure  nn  English  account  of  it,  "  having  taken  great  pains  to  find 
:  what  Sir  Samuel  had  loft  on  that  bend  in  no  purpose."  Oeasam  states 
It  Mnreland  cprnt  "  twelve  ycara  eludv  and  a  great  deal  of  money"  to 
ng  this  pixmp  to  perfection ;  "  and  without  rhi<i  nett  invention  ii  would 
re  been  impumibla  to  have  reduced  ihe  raising  of  water  to  weight  and 
•amre,  na  he  ha»  done."     The   latter  oKqervation  refers  to  the  leaden 


>ighta  placfid  on  tbe  piston  rod,  and  the  (juaniit)-  of  yrater  raised  b; 
•m :  thf!  water  and  the  elevnijon  lo  which  it  was  railed  being  compare 
ih  the  »uin  of  the  woighls  employed  to  loroo  it  up  * 


If  we  rmMnke  not  tliis  t«  the  moAt  valmdile  aiui  original  mndlficalion  of 
t  forcing  pitinp  that  modem  limes  have  ptyiduetrtL  The  friclioii  of  tbe 
itoo  is  not  ouly  greatly  reduced,  but  the  horiiin  of  ilie  ylindcr  is  di«- 
naed  with ;  an  operation  ofconsidci-ulile  expcnae  ami  dimculty,  particu- 
ly  so.  before  efficient  apparatus  for  that  f>urpi»se  wiis  deviiMsd.  Another 
vantage  is  die  facility  of  tighicmng  Uie  packing  without  taking  out  tho 
ittuD.  or  even  stopping  tho  pump.     The  value  of  Moi-elantt's  inventaon  in 


Hke  i*  an  inftniroem  veiy  lik<f  a  irni<akiii^  trampM  in  Uie  homb  ofa  Gj^nra  ia  oim 
^Hbiulnbonii  orilic  HDeiil.  (rir<'tit''a  in  th«  foiirili  or  GfUi  cvuluiy,  in  tbo  tttib  ptato 
Kniotinff"  ui  D'Al-uwoiui'b  Iliaiury  or  iht-  KiiH>  ArU-  Ii  i«  a  coiHcal  (iitw,  Uw 
)fh  bolng  i.'ijjinl  tn  ilist  of  tJiv  individiinJ  inin^  ii;  sii<]  by  whicb  hv  appun  to  direct, 
t,  it...  u,t,  r,?  .1  n.i, ,  r  iM.i  i-ou^iataoi«  below.  KirelMir  bo*  gives  a  Sgnic  oTa  trumpet 
'  lezankr  vpaka  la  hi»  arviy- 

'^  plaie  ».  |>p.  302.  357,  U  Moiniye'iTr«H!U.roI,  Hi, 
Ut>'  I'iiJfM.  noL  il,  laib  Bcliilor'*  Artliilcvturp  }|^i)nuili.{iiv,  Uiiii. 
Zxfloitvt  t^»  Mmi:m.  in  Am  «i  Mrtifn,  ]/n)^v  lOM,  vnA.  v\kuA'm  C  . 
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tho  I'stiUMtiitti  of  engineers  appeitn  fVota  Ujc  iDorcaiiiii:   ••u:ii)'>'fnif 
of  it.     It  i^,  muri'ovtir,  for  aught  liuu  l>  knnwti  tu  Ute  c<>t 
of  tJic  coDiriKin  lil\iiig  puuiji;  luiil  tu  iu  uivf>nu>r  the  dun'.  - 
engitiL*  ur  Wutt   in  ui  tonw  mewure  due,  thv  btHrieurj/  i>f  tlim  nnblr  n 
oliiiH.'  (.lv{>(.*udiDg  vutiivly  upon  cloying  die  (ofi  of  Uie  cyliudur  and  tmuiBf^ 
tl>e  jMiiKiii   rwi  ifaruugli  u  ftlitfline   hox — botli  of  wbicli  luul  olreul^  hm 
dune  in  iJiis  puuip,     Sivatu-engiiies  ba^o  alto  btsen  construcicd  on  ik 
Mune  ptiui  IU  tlif«R  pumjM ;  one  lone  |iijiou  playing  in  t^*o  hantotaai  rj- 
liudent,  nnU  the  power   rraiisDiiited  Irum  it  li^v  nit-aiu  of  a  cruw*-h<.-»,i  si 
uclu'd  111  iliL-  mtddli!  of  Iw  Iciigtli.  and  od  tliai  |«iri  wLlch  niot'et  l'<-[    ■  - 
the  MutBn^  Ix'XCK.     Aniilher  celebrated  maciiiiiv  ia  also  copied  rroa  ib>o 
— Bnniali'ti  hydr«:*mir  tJieBS  is  s>uv  ofMortilnDd'ii  putnpit. 

Tburi'  i»  uDotber  uproiefi  of  plunger  pumps  iu  wiiit-b  ihe  MuHin^  botj 
diupviucd  widi,  mid  c»>n*e4uendv  ibt!   pUloii   works  witlumi    rncDcn.    / 
frquan?  wooden  tube,  or  a  common  pump  Vvf* 
eulHt'ient  Itriigili,  and  wilb  a  voJvp  ai  iu 
end  18  tixi>d  in  the  woll  a?  ^liown  in  iLr  I 
The  deplb  til  the  water  tnuHt   be   etysai  tit 
distance  iroiD  its  surtaiw  in  dra  placi*  ttt  i  '^ 
ry ;    and  a  discharging    p'P^   lulling  a 
opi^nini;  upwards  ia  nmica  to  the  puuip  in«4 
Uie  fturlace  of  the  water  in  tba  well.     The  \^ 
lou  (a  solid  piece  of  wuad)  ia  fOspRnd«il  1 
chain  from  a  working  beam,  and  low 
citJDily  with  weights   to  tuake  it  sii^ 
Utjiiiif  L-uu-rs  the  punip  thrnu)^h  the  ktwg 
and  etoJid^  at  the  same  level  within  as 
wheiievprihc  pieton  dpsrenda,  it  necPsnnF 
pluc4.>8  the  water,  whirh   has  no  othir  pn 
to   i;ftcapc  but  throBgh  the  diachar^g  pipe>' 
cdnH^ijui^ncc  of  ihi-  lower  valve  rlosine      i^*^ 
when  the  pi»u>n  is  a^in  roiftcd  na  in  i!i. 

ii  fresh  pfirtiitn  ol'wBi^r  enters  the  pomp 

driven  up  in  like  manner.  ,i 

Or.  Rubiiion  obaorvtf*  thai  he  baa  ae«))  a  ^^ 
chine  mnswling  of  two  of  these  pumpo,  m^^ 
by  au  untaught  lahoring  man.  The  plu_^* 
er»  were  suApended  fmm  the  end«  of  •  U^^ 
beam,  on  tJtc  uppci-  surfarf  nf  which  the  i^^ 
walked,  lut  on  the  pii~<>mli  of  Irnlua.  He  rt^^ 
on  onr  end  till  one  plnnfz^r  dc8c<>nded  to  ~ 
hottom  of  itn  tube,  atul  he  then  waUwd  tn  w 
o(h«r  end.  ihu  declivity  at  firw  being  abfiut  2-5'^.  but  gmduullv  ^-tw  "^ 

aa  he  advanced.     In  this  way  ho  cnttu'd  the  othei  plunger  tu  <!■ 
uad  so  on  alicrnBii.-ly. 

Sy  this  machine  a  feeble  old  man  whose  weight  was  IIOHm. 
cubic  fed  oi'  M'ster  H  J   feet  high  in  a  iniinit<::,  una  wmught  »>iKht   or  | 
hours   fvury  day.     A  stout  young  mnri  weighing   I34lb)<.  rainecl  S^  cm 
feet  lu  the  same  height  in  the  same  time.     The  application  of  this 
ia  extremely  limited,  and   thrre  iR  a  wiute  of  power  in   the  wam- 
iMclcsely  raised  around  the  piaton  at  every  atroke.  . 

The  pistons  of  preceding  machinra  arc  made  of  aolid  tnatoTt&b; 
ijie  pump  now  to  Ite  d<'srnh<vl  hai>  a  tiqitij  one.     Ii  wa«   inv«n(cd   iJm>^ 
the  year  1720.  hy -Mr.  Joshua  Haikitis.  who  mud*,  ihf  fjmt  ohm- 
it  in  the  bouse  and  pre«enoo  of  ih«  ■:? li<hrst^il  T1ri;M];ul>''ra 
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I  iho-  iricUon  und  cutiirqurni  Iimn  of  powdr  in  common  pumtM, 
"contrived  o  tiew  way  of  niisiiig  wutcr  w'uhoui  aiiy  tiir.tioR 


sEdlhr 

ire  "contrived  o  tiew  way  ol   nnsuig  wutcr  wilAoui  any 
Ruikiii>T  oat?  of  ({iiit'k!iilvt.>r  iiutciui  ot'  leather,  to  kei'|i  uie  air  or 
4H|ipifi$r  liy  U»«  hido.i  nf  th<?  pisUMis."     Vu-iftiu  modilirntinni 
■MKJii  il<rvi5ei!  by  iJif  iuvputor,  by  Dr.  Oesa^liera,  uul  l»y  Mr. 
^n>rTn,  lh<.-  a<»9.liuit  uf  die  lutur,  "  wiiu  wua  ut  exccllunt  moelui'- 
ift  titrni  uf  it  ii>  reiirf-Hcuml  liy  Hie  H^ure.  -  A  b  tlu?  ttucUuti  [ii|)e, 
'(•iiiJ  o\'  wtiirl)  I*  iiiMfrteil  ill  (lie  water  tu  be  ruistfJ.     lu  ujiintr 
iinlcfl  ill  tlio  c})Uiali«.-r  C,  nnd  'a  coverol  by  it  valve.  Tbi*  forcing 
t'llti  a  vtiKt'  lit  it-t  lower  (fiKl,  m  aUo  <!oiiiii-ctc<l  tt>  tbe  irhninliDr. 
BctAveeii  tlieae  vaJv?«  a  \>fp*',  <>peu  at  batli  erulji, 
i«  tiuttried  and  Iwui  down,  as  ili  tlie  ligitte.      Tlie 
Rlrai^lit  [Uirl  atiiw^lit^  tn  tt  ia  the  wurkuig  cylinder 
oftlie  pump  and  «liuuld  be  maiie  ul' iron.   Aiiutber 
iron  pipe,  a  UttlN  larj^er  in  tlie  bore  tbau  liie  last) 
aiid  of  the   aauie   letiglli,  is  inade  lo  aliile  najiiLy 
over  ii.     TtiiN  pi{>e  iit  closed  at  tlie  buttom  aocl 
suspended    by  cliium  or   conlv,   bv  wbicb   it   ia 
moved  up  and  duwn.     Siiuuum  this  pipe  in  tlw 
po*itiim  represented,  find  liU«d  wiib  irien;iiry — if 
It  were  Uieii  lowered,  llie  iiir  iii  tlit-  cylinder  uid 
between   ihc  vulvei  woiibl  become   ranKcd,  nad 
ilie  aiiiioitpbcrc  prcuing  on  ihe  surfme  uf  ibe 
water  in  wiiirh  ibc-  end  of  A  ia  placed,  vrould  force 
the  litjuid  gp  A  till  the  denvity  of  the  coRtaincd 
air  wu  ihe  «nine  u*  before;  cbeii  by  raiBiiig  the 
pipu  compiling  iltc  mercury,  Uie  utr,  uiublf  to  es- 
cape ihruug^i  tlie   lower  valve,  would   be   lurocd 
through  tilt'  upper  mi«;  and  bv  repeating  tlie  dpe- 
mtioii,  water  would  ni   Iumi  rttte  iiikI  be  uxpcUed 
iu  the  sttini^  wtiy;  ftroviiled  tlie  elttvntion  Ui  which 
it  i«  to  lie  niiiteil  AtKx  not   exceed   diiru-cn  liinca 
the  depth  of  the  tnert'urial  ctiluimi  uniiitiil  tin-  cy- 
linder;  tJjo   Mpcritic  •rnivity  of  quirkMlvor  Innng 
M>  maity  tinn-s  {greater  limit  tiiat  of  water.    Wtirti 
ibe  depth  of  tlie  tfirnii;r  h  30  inehim,  the  hitter 
ad  as  iiiviiy  fi^n  in   the  ouciicn   pipe  uid  Cireed   up  nn  trqual 
hroiigh  ihft  fiirrins  one.  makir.^  together  an   eirvntion  of  sixty 
if  Wiiirr  liT  required  hicbor,  ihc  drpili  of  the  merrtiri«]  column 
jveiibit*  pijw  muM  bo  rropnrtinnbly  increnM-d.     To  make  a  small 
Jof  tnerrtirv  tinnwer  tnt!  purpose,  ii  solid   piere  of  wood  or  iron 
ilitili*  W*i  than  the  cylinder,  i»  semirc'd  to  the  bottom  of  rJie  move- 
ml  aa  filKrwn  in  the  eentro:  this  antwera  the  same  i^eci  u  9b 
Ik  of  mercury. 

«n  ptimtM  haVLt  their  diaadTaniageA:  they  are  expensive;  and  how- 
'ell  tiiitne.  ilte  (Quantity  orqnir-ksilvcr  rcf]uircd  i«  cntLsidcmble — the 
>n  consequent  on  the  i>ec(-w»irj*  movement  soon  converts  it  inrn  an 
■d  renders  it  tiidfris — ^rent  earn  is  aldo  miuired  in  worlnng  these 
H;  if  ihn  raovini'-.is  arc  not  slow  and  regiilnr,  ibt;  mercury  ti  Very 
So  ihwiwn  out ;  lo  pwvent  which  the  up|HT  end  of  tlw-  vcstiel  iion 
I  it  in  d!r>f?A*!  or  enlarj^-d,  For  experimenlal  re«(tarcliea  inodifica- 
ly  be  UK^^ful,  but  ior  the  muioiiR  iiliove  stated,  they 
iin*cly  employed  in  thcurt^.  A  aiinplr*  fonn  of  one 
^ed  in  a  l<ue  volume  of  tlie  r.i<indon  Mrcliiinicfr'  Mnguxine,  and 
^d  ^ol,  of  iJ>c  JodntiJ  of  the  rmiiklm  luaritute,  p.  'A*£l.    ¥n;ft 
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ilIio  vol.  Kxzii,  Phil  Tnuuautians,  and  Abrul^.  voL  vt,  36 
PtiL  vol  ii,  491.     In  Jamiesoti's  Dicuonary,  ^>.  6Aa,  a  mcr. 
tlip  iono  of  K  wheel '«  described. 

Tti<?  ipdrtMtatit  yreu  is  simply  a  oyHodrical  forcing  piuup, 
i»  moveu  by  ihc  water,  iiisicail  of  the  Ulier  hy  il,  A  pluu^n,  o 
pUfod  the  ariiclen  to  \>c  preHSL-d,  U  contwcU^d  to  the  itppftr  itnd 
rod;  waler  U   then  iay^cted  itiUi  tLti  cylinder   by  »  mtirli  «ii 
and  ON  thh  liiiuiil  i»,  to  all  {iracticul  iiurpu»«»,  imtontprestiU*,  ' 
nocituiu-ily  ratiuNi,  uuil  tbe    nrticW   briiuglit  agiutt«t  nn  iiiimi' 
Wtwueri  wbirb  uimI  Uie  platan  they  artf  compivMrd-  Tbp  di^^j 
mrc  iliiiH  fxrit^i   dc{>r>udft  tifwn)  iJic  dtl1i*rei)c*'  betwi^n  th< 
putoiis  of  liic  pump  iumI  iif  the  prft«.     Tbc  apparuiu  cOiibi' 
ibrm,  tiie  mlnbrntrtd  hydnutalic  paratlox  by  which  tb«  presvin 
column  hnwKvrr  uii&Jl,  tM  miuln  to  counl(;rl>aliuiC4  UiAt  oran»ii 
UrgH.     HyiirosTJUic  pre*>eji  have  iteen  applied  with  adviuit-i, 
njii>  0|>fniliiin!*.  MA,  expressing  oil  frtmi  Ma^le,  pressinj;  jxipiT 
Olid  m>ttoij ;  ti-nriii^  up  irvus  by  ibo  rootK,  pn>viu<;  thii  ein-'ii;^ 
butleni,  metallic  water-piput.  and  tiveti  cannuii.     la  ihie  uiy  i 
ehip»  nl'  u  tbousund  ton»  are  raised  out  t)f  the  water  to  rep^. 
thirsc  iiijcitii:««  erected   at  the  head  of  uof  of  the  doclui.     Thi.  <.; 
u  M-L-ured  m  a  horizuotal  pontion,  and  the-  pu[ii)i&  are  wiirkrd  bv  ,i  >\--\fi- 
engiuD.     Ttio  fratne  uti  which  the  vesccJ  flosta,  and  by  ^ 
ia  Buspviided  by  a  uunibcr  of  chaitts  on  each  side  that  pass  .   i..<-  '  t  i 

icrmiualti  bl  the  uud  uf  the  piston.  ii 

There  is  o.  very  iutereating  and  beautiful  illueiratiuu  of  tho  priau.*^ 
of  Bramah's  hydrustatic  preaa  in  the  cuotrivaticu  by  which  \ic\- 
thoir  hancy.     The  cells,  open  at  ime  end  and  closed  ai  dm  other,  -y 
ranged  horiKnnially  over   csoch   otlieri  and   in  ihnt  prisitinn  art>  JiUi^i 
Ac  liquid  treasure.    Now  suppose  a  series  of  glass  tumblers  or  till-  ■     ' 
on  ilieir  sides  and  piled  upon  oiie  anocher  in  like  maimer  wrre   n- '  '     ' 
to  be  then  tilled  wilh  water,  it  certainly  would  rrMjuirf  some  retlei'i ' 
dct'iae  a  plan  by  which  the  operation  could   iw  peH'ormiid  ;   but  whki"^' ' 
mode  were  hit  uprni,  it  could  not  t>c  more  tiigemons  and  fflt!r:I . 
adopted  by  these  iliiiiitiubve  engineers.     At  the  lunher  or  i  . 
mity  of  each  coll,  they  ftibricaie  \  mocahir  jruloti  of  wax  whiih   . 
air  li^ht  to  the  sides,  and  when  a  bee  alrires  luilen  with  (lottf  v,  (v 
r-onlained  in  a  liquid  form,  in  a  sack  or  sinmach,)  she  |)ei: 
with  her  prf)bo<»ci»  and   through  it  ir^ccts  the  hontiy  bt' 
end  of  tlie  oell  and  the  piston,  and  ihcn  stops  the  ap<>mire  ^'. 
The  pi«ion  is  therefore  pushed  forward  as, the  honey  accum'.  i         _- 
it,  litl  ai  last  it  rcafihea  the  open  end  of  rhe  cell,  where  it  remaiiUk  ta^^l 
licaily  wealing  the  vessel  and   excluding   rJic  air,*     As  soon   as  *n^^^"i 
is  ihii*  charged,   the   Industrious  owners   commcnec  with    another.     '* 
will  l»e  [>erceived  that  these  pistons  are  prope^lled  precisely  so  in  the  by* 
droatalic  press,  the  Kquid  honey  being  incompriMaiblc,  (with  any  fiii**  ** 
which  it  IS   there  subjected,)  every  addilional   particle  forcnd  in  '  i     ^~" 
rily  muvea  the  piMfon  forward  to  anbrd  the  roquired  room.    Withi. 
a  eontrivHiice  the  cells  could  im  more  bo  fUleif,  and  kept  «n,  than  a  Lu<*7'" 
could  Iw.  with  water,  while  laying  on  aac  aide.     Wore  th«  organit^t^^ 


*Ta  l(»ni  tba  honay  pan,  *tiA  pwurw  il  fttrtn  evaponlirm   In  Ihr  htirli  \ntnt 
uf  »  bivo.  mil  ati  iiiii*l  iMi  kapt  (Vctin  il.     (''■' 

Criact  mode  vrait-ninpliiiliin];  iheob^e«l '  li 
ve  uiif  hi  iDUi  ibo  prsciicD  wlii«l)  ■•  ii«w  |,-i>>i»< -u  -t  |.ii  >r< . .,.«  ..,...■  .,i, 
«Iia>*aiy/BiA  for  vun— In  lin  «sMa  iaipsrviaas  m  the  air,  uil  Aam  wtikh  it  tuf 
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'Vxanimed,  it  would  duul>tl«n  be  found  that  the  T«liiiiv« 
prubcMcii  and  of  thv  cc^IU,  mimI  Uiw  nrea  of  lhi>  (bellow*) 
pumps  in  [b«ir  badii?s,  ttr*^  nurb  lui  kti*  bcitl  .iilitpted 
to  the  musculu-  pitergj-  whU-ii  i\u*y  timplny  tii  work- 
ioB  the  littler.  Wcrv  it  oiiiwrwW,  «  nr>.'«r<!r  fniT« 
might  be  rvquirod  to  tniuri  llii-  iioiM)^  himJ  linva  i(ir> 
ward  the  piMDii.  thaii  Uiey  powtwi.  In  the  c-we  of 
■  hydnistiitic  preM,  when  th<.'  r<:Ri«lsnce  is  ItKi  f^mat 
to  Ik.-  '.'verrjpniL-  by  an  injuciion  pump  of  large  dia* 
muuir,  WW*  of  Binaller  bore  is  vmploj-rd. 

Wc  ehail  DOW  produce  a  fow  spvcinwiM  of  (oto 
^  mg  puni|>s  with  holluw  pUtons,  ornirh  a«  admit  wa* 

P  icr  lu  [>ass  through  them.  If  a  comnxm  atino<a|ihnie 

'^  \nimv  hv  inverted,  itc  cylindor  imiiicntad  in  WAl«r, 

and  Inp  valves  of  the  upper  and  lowrr  bcixp«  r^vtnwd 
««   in   the   figure,  it   becomvn  a  liircing,  or,  a«  it  M 
soineiiiDCH  tiained,  u  li/iin^  piutip;  becausi:  thu  ccui- 
'cnie  of  the  c_viindt?r  arv  lifted  up  whun  the  pislun  ia 
raifiod,  inatead  of  being  drivun  out  frtnn  bt-lifw  by  its 
dcsccnL.  ae  in  Nog.  llti,  117     tii  u  lifting  puiiip  tho 
liquid  ia  cxpullfld  from  the  top  of  llie  cylinder — in 
a   fnming  ono  from    llio    bmtom— it  is  tfao  walor 
piston  that  U  raiMHl  hy  ihc  former;  and  that  which  enters  iw 
th«  latter.     TLl-  pinion  rod  in  thi!  Kgnre  is  attochud  to  an  Iron 
ia  su»{>e»ded  to  the  end  ol'a  beam  or  lever  as  in  Nos.  123, 124. 
oo  the  top  of  tilt?  piiRuu.  like  that  at  thu  «ik1  of  the  cylindor. 
opens  upwards.  When  ihi!  piatun  descends  (which 
it  dora  by  lis  own  weight  and  that  of  the  frame)  ita 
valri;  opens  and  the  water  tinters  the  upper  part,  of 
ihu  cyhnder,  thou  as  loon  aa  it  begins  to  rise  ita 
Tolve  closes,  and  the  liquid  above  it  is  forced  up  tho 
ascunding  pipp-     Upon  the  retnm  of  ilie  pi«ton  the 

Z>er  valvo  is  t>faui  i>y  thn  weight  of  the  column 
vc  it,  the  cylinder  \s  again  charged  and  tta  con- 
tents forced  up  by  a  nrpeiiiion  of  i)ie  movemonta. 
Machines  uf  this  doscnption  arc  of  old  dale.  Thuy 
weru  formerly  eraplnved  in  raising  u-aier  from 
mines.  Tlicy  vrcre  adnpted  hy  Riinncquin  in  the 
eelebratcd  water-worku  nt  Marit :  and  by  Linilacr 
in  the  engines  he  erected  during  the  reign  of  Henry 
4th,  ar  I'ont  Netif,  to  sapply  the  Louvro  ftttm  the 
rirer  Seine. 

As  iJiey  cannot  in  all  locAtions  be  inserted  eon- 
Vffntently  in  the  reaervdr  containing  the  water  10 
be  raised,  they  bare  Bomctimcd  been  placed  in  cia- 
terns  erected  above  the  original  source,  and  sup- 
plied Hy  Dtmo«phL-ric  pumps  extending  to  it,  as  m 
No.  127.  The  cylinder  of  the  atmospheric  purop 
terminates  in  the  bottom  of  the  cialern,  and  is  plac- 
ed directly  under  that  of  the  liiting  one ;  tho  pistons 
of  both  being  attached  to  the  mme  rod  and  worked 
by  the  «mc  fmme.  Such  was  iho  construction  of 
the  o!(]  I*Qn*i.«i  water-works  al  the  bridge  uf  No- 

Ltr>-  Diime.     These  consisted  of  a  series  of  pum^ 
•'  (Jirunf,  und  trorlccd  bjr  an  under*\iol.  'w\«e\. 
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II'  the  imad  of  a  comuiuti  pump  (No.  90)  be  c1o»m1.  t>\' ' 

iliroiigh  which  the  hmI  work»,  or  mav  be  worked,  it  if 

ioio  a  lifting  pump,  and  will  roue  wntvr  u>  Auy  ctcvudon  t>n' 

Uiavhi'd  to  \\iv  Kjxitii.     Tii<>  onrliont  Bpeciuoii  diAt  wc  hflTc  ■ 

n<|(reM.*med  by  th«  ISSiL  figure,  from  Agrictita.  AJil     _' 

it  IK  ii)U*regiiog  OS  illiiitnnr<>  of  die  nrMMirci^  of  i>I(i 

iiKxIi''  1  implying  (be  common  wo>  ' 

rin  u  I'he  upper  parb«  *if  two 

in  a  ciuM:  i.itiiiiilK<r  or  »tniii|T  t>o\,  (iwu  ^itlct^  ut'  uiitt  ii  ttf 

6gar«  to  vhuw  iii»  inturiur.)  tlit^ir  lowvr  ui)d«  I'Htciiditig  iiil>> 

Bl  a  lower  d«;|>0]  in  lite  mine.     Fruin  the  lop  a!  \hv  \Ht\  a  turi 

CDutinufd   L>j  Ute  surface  of  the  grouiiil,  or  lo  nnoilior  levul  i: 

from  which  ili«  wsier  raised  (hrl)ll^h  it  <nin  t>c  disrlmrged.     'I  tir  i 

rodi  arc  worked  by  a  double  ci-auk.  uuv  cud  oi  which  luriM  >><  i> 

formed  in  tlic  inside  of  ihc  cbainber,  and  the  othiir  is  coutiun' 

the  oppuKkte  Kule  aud  bent  into  u  hutiille  by  wliich  the  lnbt)n>t  ',....- 

roochiite.  Two  rollar«  are  rnnned  on  tint  cruiik  iixlo,  onu  rUxti?  to  ihc  no- 

nArt,  and  the  other  to  i\w  itwide  nftlmi  pan  Dl*t1ir  ciMmbr-r  rhniiigh  whicb 

it  piucse-s  und  tomf  kind  of  {larkinv  »>i>nis  to  linvf  boi'ii  iifit<d  to  pravii 

thr  Wfttcr  from  tenkin^  through.  Ftmr  iron  iimi^  with  !it»*\v  IhiIU  m  lita 

endi  are  •ectired  i«  the  flxle  ro  enunlizi'  the  movement.     T  b»»c  wrre  di" 

old  mbititmes  lor  the  modern  fly-whorl:  tliev  were  iptitu  commca  i> 

>]1  kinds  of  revolving  machinery  in  ihn  16ih  and  IGth  Rcmomft. 


^ 


;:^ 


No.  ta.  UotWti  i.iAi>f  rHMp. 
)>ymp  is  repruwntud  ii;  '' 


Tim  nioderii  fiirin  of  '' 
Thr  workmg  cyhiidcr   i  nLrnlly   bnuu   cr  rojipi- 

ni'h  nl  enrh    eii<i  :  tj;c  upp<>r   oitv  is  t  i 
1^  in  i!:i-  n-rtre.  thmtigfa  which  tbr  jn 
i.itKtT  to  which  thr 
L  by  a  valve.    Tto  v. 


lip.  4.] 
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K  cock  is  commonly  soldered  as  tn  No.  US,  to  supply  water  when  re- 
quired at  the  pump.  This  is  one  of  thv  most  useful  Ibrms  of  the  pump 
ior  bouseliold  purposes :  it  may  be  placed  iu  ihe  kitchen,  cellar  or  yard, 
sad  will  poi  only  draw  water  from  a  well,  hm  will  force  it  up  to  every 
fioor  of  a  dwelling,  and  still  unswer  every  object  of  iho  ordinary  atiDo»- 
pheric  pump;  and  if  an  air-ve»sel  be  connected  to  the  pipe,  us  in  No.  t20| 
It  vrill  (hen  become  a  domestic  fircengiiie ;  and  when  a  suflicieni  length 
of  bote  pipe  is  kept  at  band,  water  tiiuy,  in  case  of  fire,  be  convi?yed  in  a 
few  momenle  to  any  port  of  the  building.  Uesagulien,  a  century  ago,  re- 
commeaded  this  application  of  it.  and  it  is  surprising  that  it  has  iwt  hc' 
come  more  general.  The  following  cxlrdcl  from  a  punipmaker's  circular, 
120  years  since,  refers  to  it.  "  Pimips  which  may  be  worked  by  one  mao, 
for  raising  water  oot  of  any  well,  upwurds  of  InfO  feet  deep,  sufficient  lor 
the  aerrice  of  any  private  house  or  tumtty,  and  so  contrived  that  by  turn- 
ing a  cock,  may  tupply  a  cistern  at  the  tup  of  the  liouse,  or  a  bathing  vessel 
in  any  room;  and  dv  scre^^nng  a  leather  pipe  the  water  may  be  convcved 
either  up  stairs,  or  m  at  a  window,  in  case  of  any  fire."  Switzer's  Hy- 
drostatics, 353. 

Although  the  valve  in  the  ascending  pipe  is  not  an  essential  pan  of 
these  pimips,  it  is  a  valuable  uddition,  smcc  it  removes  the  pressure  of  the 
litiuid  column  above  it  from  the  EiulHng  box,  when  the  pump  is  not  iu  use. 
The  inventor  of  these  pumps  (and  of  the  stuffing  box)  is  unknown.  They 
are  described  by  DesaguUers,  Belidor,  and  other  writers  of  the  last  cen- 
ttuT  as  then  common,  and  thi-y  are  figured  in  the  6ch  volume  ormachinea 
ami  inventions  approved  by  line  French  Academy,  p.  19. 

Sometimes  the  cylinder  itself  has  been  made  to  answer  the  purpose  of 
ui  wr-vesaet.  With  this  vif-w  it  is  made  longer  than  uftual,  and  uic  dw- 
charging  pipe  is  connected  to  r.hi*  middle  of  iu  length,  fifiow  which  the 
piston  works.  Tb«  air  is  therefore  compressed  in  ilic  upper  part  of  die 
cylindttr,  but  a.*  it  is  liable  tn  encapp  «r  the  joints  and  throiign  the  stuff- 
ing box,  a  separate  vessel  is  far  prefi'rable.  Mr.  Martin,  in  1>if  2d  vol.  of 
hi»  Philosophy,  ha«  figured  and  desrrilied  a  pump  of  this  kind,  which  he 
says  Was  the.  nivrntion  ofSir  Jann'.H  Criwd. 

In  181.5,  the  London  Soriely  of  Arts  nwarded  a  silver  mRtlal  and  fifteen 
guiDMis  for  a  lifiiiig  pump  with  rwo  piston*.  The  cylinder  wa*  made 
twice  »he  usual  length,  an-l  each  end  fiirni*ht*d  with  a  siiifKnL;  box  thraugli 
which  two  opparale  rods  worked.  Thii  Hunion  y^x"  Wing  atlachAd,  lika 
the  forcing  one,  to  the  side  of  the  cvliml<^r;  the  Inwor  piHton  wa.-*  inverted 
having  iui  valve  on  the  lop  as  in  No,  126.  The  onu-r  ends  of  i)ie  rods 
vrcre  connected  to  the  centre  of  two  small  whcHfl  or  friction  rollers  which 
mowd  between  two  guide  pieces,  and  thtit«  preveiiti^d  the  rods  from  do- 
nating from  the  centre  of  the  cylinder*;  the  upper  wheel  was  connected 
hy  a  soon  rod  w  the  pump  lever  as  in  the  common  pumps,  and  the  other 
one  by  a  longer  rod  ^beTit  at  iu,  lower  part)  to  rhe  anmn  lever,  but  on  the  op- 
pusitc  aide  ol  the  fnirrum ;  wo  that  ne  one  vhm  raited  the  other  wa.^  lowered ; 
nence  the  two  pisitnnA  nltemarely  approached  tn  and  receded  from  each 
other,  and  consequently  one  of  tliem  wiw  iiKv.tys  fnrciug  up  water  when- 
ever the  machine  was  at  work.  Transarjion.^  Soc  Ari-s  vol.  xxxiii.  115. 
Wc  believe  these  pump^  have  never  been  much  nseil,  nor  do  we  think  they 
po&scss  any  advantages  over  two  wiparate  one*;  for  they  are  to  all  intents 
and  purposes  double  pumps.  The  cylinders  are  fvviro  ihe  length  of  single 
ofti-a — they  have  twn  pistons,  two  rods,  two  stuffing  i)oxes,  and  double  tne 
Uiiouiit  of  friction  of  single  onos.  Two  distinct  pumps  are  more  ccono- 
mkn}.  Afier  onv  of  the  above  has  been  n  little  wViUc  m  Ufcc,  tot  '«\^>i'ft- 
Mjr  iatiou&te  melt'  through  the  lower  stuffing  ^x  a-iA  iiiwaaa^v  ^ 
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UxAlroy  iiw  vacuum  njion  which  Om  Mficiimoy  nf  ifao  roacbin*'   <'- 
The  Mmn  ronurlu  apply  tn  tWw:  that  werv  tiiadi;  cm  •tniii«|ilii 
with  two  pitUjiDt,  Hi  pagv  SS7. 

Thi-ne  i»  n  puniji  with  two  pi»toiui  in  Bt-wnuV  ThnOnr  df*  }u*traarm. 
which  show*  tliat  »ij«.-h  dcvici'd  wi-n*  known  in  iJh*  Ifith  century.  It 
Mt»  of  «  8i]uar«  trunk  lour  or  tivt*  t(-Pt  iti  Ivn^,  tuid  thv  liotv  &««' 
iHf:he«  acruM,  imrniTscd  ju'riieniiicultiHy  in  WBter  st  tlif  l>t>ttwii  u!  i. 
well ;  it«  |i«wor  (finl  httjug  open  uid  the  iipp<''r  ow?  cliwml,  (mr^ipi  lO  iW 
ceulrw,  wltf  re  un  opt-mng  U  loft  wi  cowrwi  liy  «  v»Ivc.  /^ 
with  iix  vujvtf  ojiviui)^  upwurdn.  u  tillnl  lo  work  in  Uiw  U 
by  »  rud  <'Oiiiii.-ctc<l  tu  it«  undvr  side,  as  in  No.  126.  A  iv^i't  y 
through  (ht^  luwur  pun  >}i  the  Inuik,  (tlirough  slit«  nuulc  fur  it  iti  '.v 
poNitt!  nde»,)  oiH'  vwl  »\'  wbirli  iit  Bwrurvd  lo  u  pieco  of  liiiiiHT  » 
well,  by  a  pi",  on  which  u  tiiovc* ;  and  ihr  otliej-  rmi  «*xt*'iu  ■ 
poaite  udt!  of  lliu  trunk,  where  it  ix  hnokud  to  a  chain  thnt  r> 
the  pump  brakt!  at  tliu  lop  of  []i«  well.  Thv  lowwr  rinl  of  thii  , :  - 
U  conDuited  by  u  boU  to  thut  pan  of  thv  lovvr  tbiU  is  wiihui  tbe  tnok- 
Thia  apparatus  forms  thu  UAiti^or  fonring  purt  of  tht*  tnuuhuic,  A  «-"">- 
moil  pump  tree  or  borod  lof;  L'Xteud«  Iroui  th«  place  to  whirh  tbr  v 
U  to  be  raieed.  to  the  top  of  iho  irmik.  and  tbe  juiicijuti  with  tbt  '■•"••'' 
ntade  perfectly  tight:  tin  upper  l>OK  or  pivtoti  with  itii  rod  U  fitted  to  WL<rk 
in  tbe  treo  like  ui  ordinary  wooden  pump,  while  the  vaUe  ■>i< 
answeirs  the  purpoite  ofu  lower  box.  Tliii>  rod  is  atiaohed  to  |li 
one  side  uf  uic  fulcrum  and  tlte  chuin  tliiu  i»  coiiiiectj?d  to  tl- 
lower  rod  to  the  opi>osite  oide,  so  thai  a»  one  pii^ton  ri»e>  lii' 
•cetidn  uid  a  cuii^taiit  -ttreaiii  of  water  i»  discharged  aliove. 

This  is  the  oldest  puinp  wiiii  two  pistous  that  we  know  oC  and  it  f^^^ 
one  advantage  over  utfaers,  vii  :  in  riiining  watur  without  changii^  < 
recDou.     We  at  first  intended  to  iiittert  a  figure  of  it,  but  tlie  h[>i 
for  working  it  la  too  complicated  for  popuUr  illustr«iiou.     Al' 
tioD  is  imparted  to  the  piston  aa  noticed  above,  it  is  nut  duoc  J:.     .  ,.- 

by  EOdiuis  of  sucli  an  euofinous  umount  of  coiiipk'X  u*^ 

useless  luachiiiL-ry  ue  would  extiic  amaicDi'*-' -■* 

dcm  muchnniciaii.    There  is  an  asuejnblngt.-  . 
levers,  tongs  and  laxy  ton^s,  chains,  right  ttml  i"i 
ed  screws,  a  heavy  ouuiiierp4iis4>  and  a  mnMiie  i' 
lum,&c„all  ofwhuih  are  re<^uiredio  bo  puiiiiiDoi 
fort)  ilie  pistons  can  hti  moved.  A  Bsum  of  such  .> 
would  possibly  inti>res(  some  renotTH  m  a  inuttu    *-" 
curiosity,  for  certainly  a  rmrer  eTanip),'  of  thr  wM** 
of  power  could  not  well  be  imogini-d  :  it  prvMUf   ** 
clumsy  and  "  r^Hind-obout"  a  mode  of  Bcromjilithlii^ 
very  simple  pi^rpose,  *s  that  of  the  ^eniu»  who.  in  ^Afl 


ping  a  cask  of  wine,  never  tiiou^hi  of  insenin,"    *'^ 
apigM  into  th«  "        '  ' 
on  the  spigot. 


apigM  into  th«  barrel,  but  altempud  to  drive  ihe 


'Ur< 


(•»  ISDi    TMtMliiek 


Sometimes  pumjw  with  solid  and  hollow  pistous 
combined  us  in  No.  130,  »  contriwice  of  Mr.  T- 
thick.     The  cylinder  of  a  forcing  pomp  commi.' 
with  that  of  an  annospheric  one  ;  t    -^  -,--•-- 
conrtected  toa  cro$s-)>ar  and  rise  w- 
ihe  pistons  arr-  '    ' 

(or  atm<>»plierii 

the  tpbtt  1k-1ovv  til".-.';.  -B  tVilcii  tv  : 
ing  up  Iresh  ycmciTii^  uiTou^b  urn  > 


^"W 
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lbs  pUtt>nfi  ilc«cctiJ,lbc  valro  oo  the  xuctiou  pipe  closes.  u<]  ihe  aotid 

piaUin  (]riPL-«  tliv  wuIlt  io  it^  cytimU-r  tliruti^li  ilit;  hoUuwoDO  in  \iit;  other, 
to  that  wh^thvr  mixiff  or  fulling  ihi.'  litpiiil  roiiiinut^s  to  (low.  At  both 
cyliiidr>ni  nrc  BIk-d  at  tlie  Bomt-  limi:,  tliu  buro  of  Utu  suction  pijw  shoold 
btf  propiinionitblv  ciilaivi'rl.  1\iv  plate  IxiIumI  uvur  tlio  opening  ax  the 
lower  part  of  one  cyhndcr  is  to  givu  accou,  in  l^rgu,  pumpfi.  to  the 
lower  valve. 

In  some  pomps  both  a  »oli<l  and  a  hollow  piatoo  are  made  to  work  in 

the  aamc  cvlitider.     Such  vrera   ihosu   thut  constituted  the  "  BUigle-chani' 

bcr  finr-cHpne"  oi"  Mr.  I'«.'rkin».     A  plunger  workwl   through  a  MuiKng 

box  aa  in  No.  Xi'J,  and  its  capacity  wait  about  half  ihiit  of  the  cylinder; 

coosequcntiy  on  dei^cending  it  displaced  only  iJiut  jiroponionof  thecoutentft 

of  the  laUcr.     The  aperlnrcs  of  diEchtir-^e  wen-  ut   ihc  upper  part  of  the 

eyUoder,  and  a  single  receiving  one  at  (lie  Wllom.     Krum  ilie  lower  cod 

of  the  plnnger  u  ishort  rod  projected,  Ui  which  a  hollow  piston  or  sucker 

wiu  attached,  Bited  tn  witrk  clntie  to  lite  cylinder,  do  iliat  when  the  uluuger 

Wasmiaed,  tliis  pi-iton  forced  all  ihu  wau-r  above  it  tlirouf^h  the  dischug^ 

injE  apenorca.      To  convert  one  of  these  pumps  into  u  fire-enpnu,  iho  cy- 

HMer  of  the  pump  was  surrounded  by  a  shurter  one  of  sheet  copper,  the 

lovrerend  of  which  was  left  open,  and   il«  upper  one  secured  air-tight  to 

the  flancb  of  the  pump ;  the  apace  led  between  the  two  forming  u  passage 

fof  the  water  expelled  out  of  ihe  inner  one.    A  larger  and  close  cylinder 

cncutnpaAfted  the  lajit,and  the  space  between  them  was  the  air  chamber,  lo 

tlw  lott-et  part  fif  which  a  hose  pipe  was  nttached  by  a  coupling  acrew 

tu  ilic  u^aal  way. 

Snch  pumps  ore  more  compact  than  those  with  two  cylinders,  but  they 
WmorD  rompk'X,  less  efficient,  and  mere  difficult  lo  keep  iu  order  and  to 
ntHiir.  The  frictiun  «f  tlie  plunger  and  sucker  is  much  greater  than  that 
ofth>-  pi>ttoii  of  an  ordinary  doublo  acting  pump  of  tJie  same  ditnensiooa; 
and  t)if  liitliT  di-Hidiiirt;o--i  donhlc  the  tpiaiicily  of  water;  for  although  double 

n,  the  elfeci  of  llw-.te  pump<i  is  only  eoual  to  single  ataing  ones.     For 
ove  reasons  they  have,  we  believe,  become  obsolete  or  nearly  so. 


CHAPTER    V. 

''Mill  o(  rotalory  pMDpt:  IFnllWnkj'  ts  allbtibi  niBila  in  ini|>ni*n  iiHiclila'»— Fratallia)  rulaa  lo 
**'*n  rtmUBMiT  *sd  radpranilnc  ator^ntrib  iMa  circulv  ooe*— Epiimn  of  Asliptl'i— Attetent 
'V""'*  mpn-liiif  tiirnlir  rontioni—  titiandga  of  rolary  oioll«i«  (uu>mpllBrJ  In  r»rloui  umcbiuaB^ 
"vviiiiiiB  of  ((iiiwiDf  iiD.l  wovinf :  hitiarkil  *a*eJWM  rMp«trting  ilitw — Knurr  paaifr  frem  Mr- 
'l"T~lB|>mi,i,(  mi  mliaiH  uf  ho— ITInwiflfUiiin  of  rottj  piimpa — Rit'i  iliiWD-i-iiitiiii-  ukI  painj^ 
uMlut  '|u>  af  maty  )iura]w— Ratat;  pump  of  thr  lilili  wuiurr — rump  vlih  •ll<tlTif  tiutmiDI — TPM- 
"■fofiM  Uid  polDii — Pi«DcI)  toUrr  pump — Bramnb  uii!  Ihihiriuun'i  pum.ii — Kularr  pninp,  niib  pi*- 
•^  i«lli»  farm  nf  viiom — Crturlfnv}  pnin|t — Tlrfn-u  of  ™i»ry  jiumpa — KMttrnnilug  rotarj-  paapa) 
■  ffnck  od« — An  Earliih  "Or — DsfKti  of  Itiirac  f  iiwpt. 

No  one  can  study  the  post  ami  preswnt  history  of  numerous  machines 
vd  devices  without  pefcciving  a  striking  uniformity  in  the  efforts  miiAe 
(0  improve  lliem  in  distant  times  and  countriea  ;  the  same  general  defects 
uhI  sources  of  defects  seem  always  to  h«ve  l>een  detected,  and  similar  mo- 
l&ads  bit  upon  to  remedy  or  remove  them:  the  same  ideas,  moreover,  led 
iweniors  to  modify  and  "pply  machine*  tn  oilier  pur^ioses  Oia^v  tW>*«  tor 
*-''  llwr  irere  originally  (ie«ig»e<J.  and  also  to  increaw;  t\»e\t  eWecA.  Vj 
tbc  nature  and  dirrctioo  of  thoir  motions.  So  uni?ottn  Va."* ' 
36 
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ll»  apct-iiliuitmit  of  ingi-uiuua  men  in  tlic" 
mftst  ietl  to  Miippcwc  thi>v  iiail  reoMiiicd,  lik< 

moa  iiiiiliuct ;  and  i)m1  llie  xlog^  of  Soliiimtii,  "  tJit.io  i«  ut.  ;.i-»  li- 
dor  the  sun,"  wu.*  8>  ufiplH-alite  to  the  invontinns  of  niau,  u  jlw  wi 
natare.     Il  wouliJ  ttnieed  be  no  very  liiu-ii  task  to  show  thai  th<-  Ttmcbj 
waa  correct,  li>  nn  ••xtieiit  not  getwrvUy  believed,  when  he  peiinrn  ili'  f  >'■ 
lowing  iiiterrygmory  and  reply—"  !■  tht-re  any  ibiiig  wliereol'  il   ■ 
•Jiid,— -See,  liun  is  uew  (— «/  katA  btrm  of  old  time  which  vm  bel'  : 
Did  a  niurltfrii  iwvati   invent  »am^   peculiar  surgii^  inatruiiieDls  i< 
taenL  f— itimiUr  oiieM  were  sub»e<)uently  discovered  id  the  ruiiu  >ii  >  - 
peii.     Ha^e  pnK^DlH  been  Usued  in  late  yeant  for  economixiii);  fttfl  ui  i^ 
neatiog  of  Witter,  by  making  iJie  liquid   circulate   through  botlovr  i^ni/i 
baraT— the  wuiie  d<;vic<>  hiui  l>««fn  found  applied  U)  ancient  Roman  tH<ilrr« 
And  th<t  n>(»;tit  prHCiiceorurKinsfireA  with  currenla  or9teain(ii!- 
Wtw  [)uilf  ciiHiiiKin  in   Uie  middle  afi;e».      {See   remarks  on  tb< 
(he  next  bouk.)     Numbers  of  such  examples  miglu  be  adduci-d  IruiL  ni- 
aiost  every  depart  iiu-iit  ut'the  useful  su-u. 

From  the  cHrtieit  ttuie!^  it  has  been  uii  object  to  convert,  whenever  \nc- 
ticable,  the  rectiliiti*ar  lutd  i-uciprucuting  movvmente  of  luucbtne*  mi'-rrr- 
cutar   and  ronlinuouti  uues.     Old  mucbiiiists  seeni  to  have  been  led 
reeult  by  ilut  lact  or  natural  Mgacity  tliiii  is  more  or  len  cooini" 
times  and  p«)p)« :  thus  Uie  dragging  of  heavy  load*  on  tbe  gruuiul  k-O  to 
tJic  uduption  of  wheels  and  rollers — hence  our  caru  and  carriuuci : — ib" 
roury  morcmeniii  of  the  drill  aitd  Uie  wimble  superseded  the  all 
one  of  tbe  punch  utid  gouge,  in  making  perforatioiu : — tlie  horisonial  w1 
of  the  potter  rendered  luodvliug  of  cUy  ves«eU  by  band  no  longer 
■ary: — the  whetstone  guve  way  to  the  revolving  grindstone: — the  t_ 
lathe  produced  ruuiid  lornu  inliniLely  more  occtiraie.  aiul  exiH.>ditiuuily 
the  uncertain  and  irre;^lur  carving  or  cutting  awav  with  llie  knife.     __ 
guen,  or  origitiai  Ijund  mill,  wae  mori'  ellicucious  than  the  aliematr  artun 
of  the   priiailive   pcnlc  and  inortur   for  brntsiirg  grain  ;  and   the  vanoo* 
lurecd  by  whiek  corn  mills   have  »ub>»ec)uently  U-oii  worked,  have  alwv 
boen  applied  through  revolving  miichauism.     The  shon  iitindies.  oa 
moveubte  atone,  bv  which  lemaJes  and  slaves  moved  it  muud,  Intcbidi  _ 
time  li'ugtbeiiL'd   into   leven),  and   beiiig  aliuchcd  to   tlie  pi'riphcrit*  C 
larger  stones,  aluves  were  eometituee  yoked  to  tliem,  who  ground  tbe  tr»^ 
by  walking  round  a  circular  puih.  Subsequently  slaves  were  repl; 

ani mala,  and  these,  in   certain  localionB,  by  inanimate  agents — v.i: 

waicr.  The  period  is  unknown  when  man  first  derived  rotary  mulio*" 
from  tlie  BO-oight  currents  of  Huids,  for  there  is  no  sufficient  retison  lo 
lieve  that  i)ie  water  mill  located  near  the  rcaidence  of  Mithridale»  wu*  Ai 
firat  one  ever  used  in  grinding  corn  :  lial  may  have  been  the  otitr  firs^ 
known  t^)  tbe  Romans ;  out  it  is  very  probable  that  such  machine*  oi  w.il^ 
us  wind  mills  were  in  use  in  Kgypi,  Syria,  Cliiiui.  and  other  [larts  of  A&iw 
in  times  Uiol  extend  far  beyond  the  confines  of  BUthcntic  history.  An  -fi- 
gram  of  Aniipater,  a  contemporary  of  Oicero.  implies  that  war- 
were  not  then  very  common  in  Europe.  "Cease  your  work,  y<  .  .  i.r. 
ye  who  laboured  in  tlie  mill :  sleep  now,  and  let  the  Innla  «iu^  to 
morning,  for  CiTei>  hiw  commanded  the  water  nymphs  to  pvrt' 
tOMk  ;  iheiw,  oliedient  lo  her  call,  throw  tlifrnvelves  on  the  whml, 
rouui]  the  nxle-tnie,  and  bv  the**!  means  tbr^  heavy  milt." 

Rotjiry   inotioiia   were   favorite  ooex   with  ancu-ut   philasophpr*  : 
considered  a  circlo  aji  the  mont  perferl  of  all  fi^"-—     ■<■■•  "•-..■ 
eluded  th«r  a  liodv  in  mniiim  would  nnturaliy 

7*0  the  ffubsdtutioti  of  circuW  W»u«n^i«i«ii'..i>,iwA.j',  ..vtmh-.>j.)h# 
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fclUTiiatio^  trnen  may  be  «tiriIioied  nearly  ull  ilie  conveniences  and  elcg«i- 

c^t  m{  c>vt\i7.oii  li)i'.   tt  i<  ticit  tiHi  muuh  !•>  tuwert  thiil  iht*  pn?H«ni  mlvii&ced 

•uu- uC  ^iimce  and  iho  ««-■«   w   due   lo   revolving  mt'chuiiidm;  wm  may 

fpe&k  nf  ilif  wcind^rA  ihu  liioAtn  niid  other  motive  iL^nt»  [mve  wnnight. 

bui  what  cuuld  tht>y  ha.ve  doiw  without  thi:i  nieatw  of  employing  them  I 

TW  (kiijiliratian  of  roury,  in  plare  of  olhnr  movemi-ntit,  is  c<»n«mcuous  in 

■n>»J('in  niurKtxivry ;  fram  timt  whinh  propels  the  stately  sleun  ship  through 

tW  imiiT,  and  those  Hyinjf  cbariotx  ttamed  "  ln<-nnioti*-es"  over  the  laiid. 

Uttlikt  which  is  eniployed  in  iW  miiniifucturt;  of  pins  nnd  pointing  of  nne- 

<U(t>.  It  tA  liv  thi»  tliot  ihir  irrtrgulKf  motion  o(  the  ancii>nt  Hull  und  pnmevfti 

fiv,  have  ticfotnr  uniform  in  thrashing,  hotting  4ind  winnowing  miichineA; 

beoix  our  i^ircnlar  saws,  tUieim  and   flitting   inilU  .—the   alHilition  of 

M>  old  mode   of  spreading  out  mcuU  into   sht'ets  with  lite  buinnier,  by 

tfce  niorv  trxpeditiona  tine  of  pacing  il  througli  rollers  or  flatting  mills  :^ 

•niJ  hence  revfilving  o«irs  or  pnddic  wheels  for  the  propulsion  of"  vessels-^ 

Cii'  pnvcuHi  of  inking  ty)<i?  with  rollers  in  plaru  of  hiind  htilU — roiary  aiu) 

powt-r   pniiling    |) r (.■■)«.'»— jittd    revolving  rnnchiiies  for    planing    iron    aixl 

vhcT  nictaJs  inalL-iul  of  iJie  uuciL-nt  practice  of  chipping  off  superfluoux  poc- 

Oattm  with  chiteU,  and  the  ti^ioiu  operation  oi  smoothing  ilie  surfacM 

B>K  in  few  things  Li  the  effect  of  ih'ia  change  of  motion  more  coospi* 

cuous  (Jnui  in  the  modern  apparatus  for  preparing,  tfpinniitg  and  weaving 

*ti;(niili|e  and  other  fibres,  into  fabrics  for  clothing.  The  simple  opplieation 

»  t-i>i«ry  motion*  to  ihe«e  operations  has  in  a  great  degree  rcvofudonized 

'!>*  tlixnestic  ecooomy  of  the  world,  and  has  increased  the  general  com* 

fort^  of  our  rac4*  «  hundred   fold.     From   the  beginning  of  ume  femaloB 

'"*'•»  »pun  tiin*ad  wiUj  liie  distaff  and  spindle :   Naaman  the  aumdtiuvian, 

•"d    L.K-heeis  and  Omphaie  the   mythological   «]iinster«,  have  been  imi- 

•"'•v)  in  ilie  aw  of  these  imjilemems  by  the  induictrioua  of  their  sex  ia  all 

-rd  counirieK  to  quite  modern  days,  and  even  at  prudent  they  ars 

ved  hy  a  great  part  of  the  human  family.     In  India,  Chinn,  Japan, 

nerallv  ihrnugh  all  ilic  East,  as  well  as  by  the  Induing  of  ihia  bi>- 

,-,1  re,  this  mode  of  making  liirend  i-i  continued:  the  filaments  are 

"'^'Wn  from  the  didialT  aiid  twisied  by  the  finger  ajid  thumb,  tha  thread 

wiii^  ke|ii   at    a   proper  tensiou  by  a   metallic    or    other  spindle,    sus- 

pvtcifd  to  It  like  tne  plummet  of  a  tiuUder's  level,  and  the  momentum  of 

vbich,  while  turning  round,  keeps  twieitng  (he  yorti  ur  thread  in  the 

"••*rtm  of  repenting  the  o^HTutioti  Willi  the  BngwrB,'     The  ihruiul  oji  it  is 

'^Chut  m  numcran*  altiuioii*  in  hiMory  lothu  primitiv*  ntn<S»  orvpiaHinx.  Ihsl  ara 
t'^'IIt  illn#lrstnr«  of  anri«m  mnnanrn.  Ai  tbe  bmik  ofSalamM.  Qowii  Atioiiiiiia  cvm- 
^•>«lfil  »  •liip  id  iJm  Piiriiiui  fievt.  aod  XirnM.  n»  ■  toinplimvni  ta  h^  braverv,  avot 
■^  ,-.  r„r..n;..t.,  ,,.;.  ..I'  r,„„[,  whlk  lo  hip  pencml  (who  w«*  defeated)  hi-  prm^'nipd  \ 
**'  ri  PlwuctinK  applied  to  i:ti*'Uhon  nfCvpriis  ffirnn  itrmr  to  re- 


,»\ 


plied  to  Lti'llhon  nl  V-'vpr 
iitd  rniiniry.  nt  inlimnlfd  lli>?  mijirnprretir  of  hrr  ciHinnri  by 
t«ji^  t<ui  M  Ji-uil  i4  Auirf  nnd  n  ndlilc-n  spiudle.  Hntud.  iv.  UH.  H»rr.iili!«  Mi«tRpi»il 
~>!u  m  llx*  piraptiU!  of  ODipliuli>,  and  luif  Imotrritd  liiin  on  hi*  uncouth  in^iiuier  of 
lliM  d»utr  Aiiintii;  Th^  (irwiika  and  Rninniis.  iltu  Mien  of  mnrrisfe  dirscied  iha 
arvrniui^n  to  ■|iirin>iix  :  ■  dixlsfT  niid  Bimtc  werv  th«  anib)(>iMand  objecu  of 
"if.  -  liil  t-;  -iiid  ft]  lliev  wera  smatiii  ihe  Jrws — "  A  virtnotm  womnn  [m}>« 
1  I-  to  Ilw  npindlc  mil  Iwr  tiEiiid-  h^ld  ihi?  disUlf"  IVhi-n  Lit- 
<■  I  nil  arCallilinti!!  nnd  lit<  i-oi)>[iiuioiti  of  ll>r  cump.  idlhntigii 
'V  V  (.-f  ii.lv, .iir-.'d,  llipy  Inniid  ticrwidi  lur  ninirfu  pri^  iijcil  in  tptnniiix-  A 
Aidiid  in  I'om['"ii  n-pwufiiw  Ulv>^^*  M-ali-d  ai  hi«  own  Rnlo,  mid  cuitcented 

,,..,,    ...,_,    ., .  .,,  .1  .    rijipon>d  niendicjuil  for 

I  rmmspinninit.    Oo 
-  "tiled  t^iunin^  &«& 
/itjH-.  uip   f>i"*fjti-<i    in  lim  nmMTMin!!  nf  V.UtOf«,     fta« 
apiiuiiHg  wlul«  foiog  for  water,  nx  pa^«^. 
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fonncd  is  wound  round  ibc  spindlo.     fn  IdSO  Jurgon  of  BruMiwkk  d*> 
vibcmI  a  mochinH  which  dionunsed  wiUi  this  intormitring  aciion  of  the  llnnnk 
i,  c.   he  invented   thi*  spinning   'vheri,  v/\i\c\t  rendorrd   llw?   aiM>rf'         ' 
twifitinf;  Uie  lilainKnie  unii'nrm.     The  wheel,  howpvcr,  like  die  [t 
apparauiij  ii  was  dcsi^^d  to  supersede,  produced  only  onp  iht> 
time;  l-ut  in  ihe  laHt  century  Hargreaves  prwlnccd  ihe  ■■  Hpinninp  ■ 
b^'  which  n  sinj'le  person  on  tuning  a  teheel,  could  spin  eipnty-i'     ■    '      >  • 

Uonce;  ihi^n  lojlowed  the  "  rollers'"  of  Ark  wrighi,  the  "mule"*'!  i '. /■■i, 

[u  which  may  be  ailded  the  "  pin"  of  Whitney,  and  alAo  "cardini;  euiiir.'i." 
ill  place  ot'  (he  old  hand  cardfl,  all  composed  of  and  pm  in  mriiion  t>j 
revolving  machinery  : — these  have  indefinitely  extended  the  ipiniOBgor 
throad,  and  relieved  females  from  a  species  of  labor  tjiat,  taoT6  iKu  MJ 
other,  occupied  their  attention  from  the  beginning  of  the  world;  and  iMh 
"  power  looms"  impelled  by  water,  wind,  steam,  or  animaU  (rhroii|th  (liv 
a^ncy  nf  circular  movements)  are  rapidly  superceding  the  irT<^i;tilar  ftaJ 
aliemalinf;  motion  ofhuman  hands  in  uiro%ving  the  fthuille  to  and  fro. 

The  conversion  of  iniermilting  into  conlinuoiid  cirrnlor  moTemeniiii 
also  obvious  in  ancient  devices  for  raising  water.     Thn  Hllomalt*  attionof 
tJiu   swnpe,   Uie   inntu   and   vihmting;  gutter  thus   became   uniniemipinl 
in   the  noria  btmi   tynipnnum — the  irregular  moi-ement  of  ihe  cofd  Mii 
bucket  herame  uniromi  in  the  chain  anil   poi<i;  and  ao  did   the  mtiUtatt 
tJie  piichei-  or  piul  as  used  by  haTtd,  when  suspended  to  the  rim  of  a  P«r 
Stan  wheel.     Anci  whi:n  the  construction  of  machines  did  imi  nllAwrfi 
fiitilolile  change  or  I'lirm,  they  were  often  worked  by  crank*  or  ol)i«rH 
lar  movements;  (of  this  several  examples  are  given  in  precedini;  |h 
hilt  in  no  branch  of  the  arts  has  ihiH  preference  for  circular  mov»' 
over  straJchr  ones  been  <o  nignally  exhibited  as  in  tho  numoron* 
pumps  and  Mtiram  itngincs   iK-'il  have  Wen  and  slill  are  brousht  f 
aimI  in  m>  de|mrtmeiit  of  machinery  haa  less  muccchs  atftindea  th« 
MohI  of  the»e  machitifi*  that  h a *-f.  hitherto  been  mail«  may  Iw  c 
aa  fiiilurcN;  tiiiii  result  t!i  conM-tguont  on  the  prarlical  diHirullio* 
tbrir  coiialruclion,  and  ihe  rend«Tring  of  thrin  durable.     These  A 
(which  will  appear  in  the   aetiuvl)  ar»  to  a  certain  extent  iinavai 
UuiL  ihi-  |)ri>«]ierl  of  DuperMxlin^  cylindrical  pumps  and  steams 
pniltably  utt  reuioti*  an  fver. 

At  an  early  rlA^e  \n  the  \tn>^rvi»  of  the  macliin«s  last  named,  it  hMaM 
a  driiidenituin  with  co^ni'eni  to  obtain  a  continuous  mtsrv  movenKtCOl 
the  piston  rod  in  place  of  (he  ordinary  rrctilincar  and  rvcinromtinK  MM 
that  (hv  hiii;<'  "  walking  bc-iiin,"  ernnk  and  connectinE  shaft  might  \rt  w* 
pensi-d  with,  rhe  nw^itivi*  Hywboel  uither  greatly  redooed  or  nljanHrt*"* 
and  the  power  nMved  tiiai  wan  roiisum<«d  in  orercoming  tlkeir  inertia  »i*d 
friction  nt  every  ttroke  of  the   piston.     Reasoning  analogous  to  ihi*  hatd 
long  befitrp   led  some  old  mechanifriaiis  to  convert  the  motion  nf  the  caff*' 
mon  pnmp  rod  into  a,  circular  on« ;  in  other  words,  to  invent  mt  ■-  ■" 
rotatiTT)'  pumps.     By  ihcsr  th(*   power  expanded  in   consmnUy  I 
all  the  water  in  the  cylinder  and  miction  pipe,  a]t«rmately  to  a  state  n  n-"— 
and  motion  wils  xsved,  because  the   liquid  is  kept  in  cunstanl    motioa  t** 
paaiiing    (hn)ugli    ihetn.      The    sleam  engine  was    not  only  origitMlljr  J'^ 
de«igti«i)  a»  a  Hiilxtiiiile  for  pumpt<  lo  rnisc  w^aler,  but  in  all  the  varieW  *" 
its  frtmu  and   miHlttirntinuA  it  hns  retained  the  same  analogy  to  pumps  " 
ikese  have  to  lieltows.    One  of  the  oldest  of  modern  rotary  sieani  engnUB^ 
that  of  \1unli>i-h,  wa«  a  copy  of  an  old  pump,  a  figure  of  which,  No.  IS4" 
ta  taken  from  St'Tviere'n  roHeclion. 

Two  cfiij  wbif'l.s,  ihe  leeth  oV  w\\\cA^  aie  t\\*(\  Xn  «tiixV  iicrwnvtA-j '-otf^ 
.each  other,  ore  encltxwd  iu  wi  elUptwal  *-%Mm.    T^ic  «^a*  «A  ■Chww 
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e\ow  to  tbose  of  die  cose,  f-n  that  wiitc r  cuinot  itntcr  butwciti  them. 
je  axle  of  one  of  the  wheels  i»!  ttnitiiiu'-d  llircmgh  one  side  ol'  tho  case, 
jiwhicli  ii  removed  in   tlte   figure  to  «lio\v  tho   iiitrrior,)  and   the  opening 
tight  by  a  stutRiig  box  or  cullu-  of  Iruiltur.  A  cniiik  is  upidii-J  lo  the 

end  to  lurti  it,  4tid  «»  otw  whfi-1  rcvolvvs, 
it  nec'««tmrily  lurtiit  the  niher;  thv  direc- 
ItOD  of  thvir  iiiotiuns  lining  i))iJi4*aiiHl  bv 
the  arrows.  Tlio  wub<r  that  oiitcn>  the 
lower  pajt  of  llie  cu»«  ik  »wi*pl  up  the 
ends  hy  eiich  cuj;  in  n>tatiaii,  ;ind  35  it 
<:«[inot  rvtum  hcCween  ihv  wheels  in  coif 
wfjiu'uco  of  tlie  cogs  being  ihew  always 
in  <  <<iii«(-t,  it  mu»t  nece<»arily  ribV  in  thif 
(M  .  r,  '  t  _-  ■■■-  I'lrxung  pijie.  Tht'  machine 
I-    I'  li  H  «u{:king  aiul  fimng 

I    v^  HT ^^^  Hr~^^B/V     *'"*'■  '  -■  I"*'"!'*  '^'"'  ^^  •">•■  ""'y 

I     ^^^-^^  ^\'     ^^  ""*  "'     '"    '  ''•■''■  '*"'  '^">*'  "f"  '**•'  ''•^'"■ 

L  ^&"\^Wr/'0"^  Firet-iiyiin's  itiudeoii  th**  Rinio  plan  worw 

L ^^^v'  pitlentud  ubout  iwrtnlyfivr  years  ago  in 

^^^L  ^^r  Etigliind,   und    more   ri;c-«iicly  poraps  of 

^^^P  ^1  the  Hiiiiiv  kind,  ill  lbi«  iMtiinlry.    We  liitTO 

seen     uiiK    with    two    rHiptfcai    whvtil*, 

whirh  wew  i«t>  t;tt)»rM<l   ihiil   the   longer 

axia  of  uiK?  wttt>(^l  tiii^ht  coincide  (in  rtiir 

pootion)  with  the  abort  one  of  the  other,     ksotnetimed  a  ertiove  it  mvle 

tlocg  the  &ce   of  each  cog,  and   a   ttrip  of  leather  or  oUier  ^lacking  mc 

tondiu  it. 

The  pump  Kgured  above  is  believed  to  havo  beeu  known  long  before 
Stninv'a  uuie,  a  model  of  it,  U£  of  oiher  inieroeting  luachiucF,  hariaa 
bm  placed  in  bin  imiKeum  without  regard  to  it£  origin.  Komelli  is  sua 
to  hare  described  Buinu  similar  ones  m  the  middle  of  the  16lh  century, 
Uu  wc  have  nut  been  uble  tu  pruicure  it  eupy  uf  hit  book.  The  Biictinn 
pippio  the  prvcediug  figure  has  been  uddetl.  In  the  uriginnl  the  water 
mivrvd  directly  through  llie  bottom  of  the  t^'u«e  :  the  model  wui  prububly 
Ki  luwiu  diat  port  of  the  wheels  might  he  visible,  and  the  conetructiuu  ana 
i^ration  of  tlie  machine  more  easily  comprehended. 

S^rvirn.*  was  a  Freueli  genileiniin.  horn  at  ItVojiB  in  1593.  Indepuo* 
deiv  in  his  circumctaiices,  and  tti<:line<l  to  mechujiieal  researckes,  he  wus 
lodlo  cetablisb  a  cabmel  of  models  uf  ran:  and  curious  macluneK — of 
iImh  nine  were  invented  by  himself  and  displayed  uncommon  ingenuity. 
Il  don  not  appear  that  any  account  of  the  whole  was  uvor  publiitlied ;  a 
pin  only  b«ing  included  in  tlie  small  volume  edited  by  his  grandson,  ihv 
Wle  of  which  we  have  given  ac  the  tout  of  iwge  63.  Tliai  work  i»  divided 
i"li>lline  ports:  the  lirst  relates  to  figures  formed  in  the  Utlic.  as  vphereK, 
tAm,  ethpses,  &c. ;  some,  being  holEow  and  eoui,ai)iiiig  otWrv  nnthin 
wOtlflic  Chinese  balls,  ore  exiraoniiuury  spwinien.-*  of  worknMUiship. 
Taeni  atv  also  vaecH,  umi;,  Ace.  not  only  mund  uii<J  elliptic^,  bnt  tngular, 
M  llat  not  only  wore  the  ovul  and  i-cceiiirie  chuck^^  known  to  ^^rviere, 
•W  die  lathe  fur  lurutng  trregulur  surfaces  uppeiu-s  to  have  been  used  by 
•Wd^  The  second  jiart  euntiUiis  an  aeeounl  of  clocks  all  made  by  himtclT, 
w  tDcchonisni  of  which  is  exceedingly  tiigetuuuis.  Some  an>  moved  by 
■iKingB,  others  by  weiglito,  water.  rojkI,  &c.  They  ure  fullv  equal  to  auy 
"<>nguf  the  kind  at  the  pniBcm  day  :  indeed  that  beauliiul  devit'v  by 
*^|iu  a  small  brass  bniJ  is  inade  to  Cmvnrse  bockwanis  and  (oTwurdA  wtnM 
*o  neHiK^ plane,  whick  Bliil  retain*  a  place  amnnj^  mawip\  cW'V.s, '\*  fl\ip 
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of  S^rriere't,  bpitidps  Kveml  moHilinitinaf)  oF  it  vquallv    -' 

fanH'orihe  iliini  pan  is  occupied  with  deRrripUntis  of  r 

water:   thvofc-  coMi^t  of  gnTuire,  ownpcs,  chun  of  pou , 

biickci.-i.  iioruis,  tyrnpaiiiim^  aruj  ntlicr  M-hceU;  and  In; 

whicli  i»  >h4^  roinr^  one  fi^unvl  nbtive.     BpcvkI,  in  hu  "  lU-ni'Tl 

rope."  pnn  ii,  page  89,  mf-ntiniis  dcvcral  machines  iu  !?t'rvic*rc'« 

CAniiiel  ol'  inorhaiiii'lw"  tltal  are  not  nonrnd  in  the  volam)-  ^^ 

bi-1  p-anHson  ;  while  othora  nrr  imerttf)  (hat  vrvre  not  invi  i. 

hi.-i  (li^ftih,  n*  D\i  Fay'*  improvftmpnt  on  the  n,Tiip«nani, 

Rotary  pi  1  in DH  may  he  diWdeH   into  claaspa  amirding'to  the 
nnd  mciliods  of  wiirking  thr  pifltonK,  or  iliont-  puru  ihm  tut  a*  aui-h ; 
arcorHirig  lo  the  vanous  inniii.>$  liv  which  tbr  bulmmt  it  nlitaiiunl. 
this  last  that  rwreives  the  farfe  of  the  WHier  wlu-n   imp«'llrd  furwarJ 
the  pision  ;  it  aluo  prevents  the  liquid  trom  hoinp  swvpi  b\  i"t  ■    ijir-ri 
tirely  rouitd  the  rvhndcr  or  irxierior  roac.and  riimp«<U  it  tn 

charging  pipe.     In  thedv   particulars  eoniast  all  thu  vsficnii 

in  rtilary  pufnp*.     In  Miitin   the  bulnienlx  nrtr   moveable  piuce* ' 
made  to  draw   bnrk   lo  allnw  the  puton  tii   pasii,  wben  tliry 
lirotntded  IJII   it*  i-etnrii ;  in  others,  tbey  ure  lixed  and   tJie  pu  ~ 
selves  ttivi?  way.     It  i»  ihi*  hariie  with  tJie  lollei  ;  tbev    i 
tuoitenrly  couwected  \i\  Un?  axle*  by  which   they  are 
ciuH!s  lhe_v  are  loiiMt  and  drawn  iiito   rceesaes  till   tin- 
In  anollier  class  the  pintuiiH  arc  rt-ctaugitlar,  or  oilier 
turn  on  eenti-e^  sutrutcKins  like  tJie  vsites  of  a  boricotilal  huk 
iup  ibe  waler  with  their  hr«ad  fates  round  the  eylindncaJ  ■ 
approach  that  part  which  roneitimtea  l}ic  biiUnent,  when  tfcpy  nmrr  < 
wuy.t  and  piuu  ihmugh  a  narrow  entire  which  ihey  cniirely  fill,  nnd  ii* 
prevent  any  waier  paiwiiig  with  llieni.   In  other  putnpi  thr  bulntrnl  ' 
tained  by  Uie  cunlaci  of  Uie  peripheries  of  two  wheel*  or  cvliudm. 
mil  Of:  or  rub  a^ainat  each   oilier.     No.  131  t>  of  Oiii>  kiitJ — whtll 
tfOtb  in  cotiluci  H  tUi   the   cnda  of  tlie   ca»e   act  as  pis1oii»  in  dn« 
water  befoiv  theui.  the  others  are  fitted  to  worli  fo  nlosely  on  meb  i 
aa  to  prevrnt  its  return.     The  next  figure  oxhibtts  anotbm*  mc 
iho  sHine  principle. 

In  lbW5  Mr.  J.  Eve,  a  citixcn  of  the  United  Stalei,  oblainrd  a 
in  England  for  a  rotary  aleam^ngitie   and  pump.     No.  131!  Will  m 
explain  its  appltimtiun  lo  isise  water.   Wilhiu  a  cylindiitul  lilsp  ■  tv\ 
hollow  drum  A  i»  made  to  revolve,  tlie  sides  of  whitb  at^  lined  !•'  •W'**' 
close  to  iltote  of  the  case.  Three  pnyectiiig  pieces  or  pistom,  o! 
width  as  tlie  drum,  arw  Bei;ured  to  or  cast  on   its  nenpliery  ;   ''  ■ 
equal  diatanceH  from  each  other,  and   their  extremities  swe- 
ihe  inner  edge  of  the  case,  aa  Khovin  in  the  figure.     Tlie  p*"  ^ 
drum  revolves   in  contact  widl  lial  of  b  smaller  rvlinder  B  Iroui  whirn  * 
portifin  IS  mt   off  to  form  a  groove  or  recess  suflii-icnTly  d»>ep  i"  r....-!''"' 
wirbin   it  each  piston  as  it  moves  pasl.     The  dlameti>r  of  the 
linder  is  just  one  ihird  that  of  the  drum.    Tlie  axles  of  borh  are  ' 
through  one  or  both  sides  of  tlie  case,  and  the  openiiigH  ninile  : 
HlufTms  boxes.     On  one  end  of  each  axle  is  fixea  a  tuolbeii  ~'  ' 
vamp  diameter  as  ita  respective  cylinder ;  and  these  are  - 
one  another,  that  when  the  crank  attached  to  ibe  'ji 
tie  direction  uf  the  arrow.)  the  ptoovg  m  ibe  sm-i 
ceasivfly  each  piston  ;  thus  oiforuintf  ruuin  fur  its  : 
tjiTi"  I'v  th"  r>»ti'rtri  fif  the  cdpe  of  the  pinton  with  ■ 
tn-  [g.     As   the  mucnine  i- 
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and  cAinpp-Ited  to  rise  in  the  dischaj^iog  one,  us  itidicatad  by  the  lurows. 
Other  pumps  of  the  some  cluas  have  such  a  portion  of  ike  fiinall  cylin- 
<ler  CUT  off*,  (hat  the  concaTo  suri'ace  of  the  reiua'uu](.'r  rorma  a  wmtinuatiop 
of  thf>  cfue  in  front  of  the  mxas  whilp  thv  pisu>n»  an*  passing ;  and  then 
by  K  aimilar  ntavDmont  as  that  ust-d  in  the  figun*  described,  the  oonves 
pan  ii  hmught  in  contact  with  tfau  piTiphcry  uf  the  dnua  dll  the  ptfltoD** 
retam. 

All  rotary  punrps  arv  both  aucluue  urid  forr-ing  nuchinea,  and  are  gene- 
rally fiimisbcd  with  vnlrv^  iit  both  pipes,  as  in  ihe  nrdinar}'  Ibrricg  pumps. 
THb  botments  are  alwuvK  placed  bvtwecD  Uiu  apunurce  nf  the  sucking 
aad  forcing  pipes. 


.Va-lU. 
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There  is  another  class  of  pumps  that  bears  sQute  relatianship  b>  tht-  prc- 
Oediog; — the  tiiitJil  brvnch,  wb  believe,  of  the  some  liitnily.  One  of  lhe»e  iw 
loured  in  the  133rd  lllufltraiion:  the  butment  ronsiMe  r>f  u,  curved  flaplbat 
tms  on  a  hinge  ;  it  is  ao  arranged  as  to  be  received  into  a  recess  fonned 
9t  ihe  rim  or  periphery  of  the  case,  and  into  which  it  is  forced  by  the 

rin.  The  conraivc  «ide  of  the  flap  is  of  the  «nmc  curve  aa  the  run  rtf 
case,  and  wbcii  pushed  back  forms  a  pan  of  it.  Its  vnAxh  \fi,  o{ 
wane,  equal  to  that  of  the  drum,  against  the  rim  of  which  iu  lower  edge 
it  prcsseu ;  this  is  effected  in  some  pumps  by  springs,  in  oiliers  by  eama, 
ctf  wheels,  A:c.,  fixed  on  the  aslcs,  as  in  tm;  last  one.  The  force  by 
"nieh  the  flap  is  urged  against  the  drum  must  exceed  the  pre<tsui-e  of 
liie  liquid  column  in  the  uischarging  pipe.  The  semicirttulnr  pujces  on  the 
ouier  ed^  of  the  case  represent  ear-i  ior  securing  the  piiDiji  to  planks  or 
iniUEB,  At.,  when  in  use.  The  arrow*  in  the  figures  sliow  the  direcdun 
'"  wbicb  ilu-  piAton  aiwl  water  i.i  moved. 

•^uch  nuclvinefi  have  often  tv^en  patented,  bnih  as  pumps  and  stcaiu- 
'"ffiiica.  In  1782  Mr.  Wan  chu.t  secured  a  "rcilative  engine"  of  (hi*  kind, 
"J  in  1797  Mr.  Cortwright  inserted  in  ilie  ii|>eoilicBtinn  of  his  metallic  pi»- 
•w  a  descriptinn  of  another  similar  lo  Walt's,  except  rJiiu  thi»  case 
■d  twn  tijpH,  and  three  pixtonH  wore  formed  on  the  dnim.  In  ISIS  Mr. 
■"■^tiedffe  patented  nnotner  with  a  single  flap  and  pwion.  (Rep.  of  Arta, 
^'.  xxxiii,  2d  series ;)  but  the  prinninle  nr  promiiumL  foanire  in  all  iheso 
'*d  been  applied  long  before  by  French  ineehaniciaiis.  Nearly  a  hun- 
'^'vd  years  before  the  date  of  Wfitt'n  patent.  Aratmtoni  oonunntucated 
">  the  French  Academy  a  description  of  n  rotary  pump  substantially  the 
•he  \5  represente*!  in  ihe  la-sl;  figure.  It  is  figured  and  deacnWd.  viv  ^^ 
*•'  ttfiunc  of  JilaeAmea  ApprouK.  p.  103  :  the  body  oC  tiio  tiuia«  ot  casw 
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is  a  short  eyiiniler,  but  Uie  motoii  U  ellipdctl,  its  tnnsvone  diimiHn'l 
IDC  equal  to  that  of  t>H:  rvlinutT.  Hoticf  it  [x-rtunnrd  (he  |Kin  of  two  |>i9tua 
There  arc  also  two  fiape  mi  cpposUf  eiili-a  at  liiu  cylinjL-r.     A  pumpj 
unlike  tHifl  of  Amonloiis,  witli  ui  elliptical  casi*.  is  flcwrihrii  in  val.i 
of  Nicholson's  Phil.  Jounml  466.     Sovoral  similar  ouc-s  bave  sitire 
proposed. 

In  other  pumps  th«  flaps,  tnstetul  of  acting  as  butiucnu,  are  majsi 
perform  ihf  part  nf  pistnn*  ;  t^  ie  dune  bjr  hingiug  ihutn  on  therm  J 
tho  dnim,  of  which,  when  closetl.  l}iev  also  (oem  a  pan :  tbey  ar«  tlmei 
hy  passing  iimier  a  picrmiiJieni  projecting  pivoe  or  butiut*m  that  citcndi 
finm  tlie  cSite  to  the  <lnim. 

In  No.  134  tht!  butiiiiint  is  movable     A  solid  wheel,  formed  itaa  Htm 

?)iral  wing»  that  act  as  pixiona,  is  turned  round  wiiKin  a  cylii 
be  hutment  B  ts  a  piece  ut  metal  wliut>e  widUi  is  eipial  id  tii 

of  [he  wifiKJ,  or  llw  interior  ■■  

cyhiidcr :    ii.  is  uiLide   tu   rl.>i<    i.l!'...'I. 
stufhufi  box  on  the  lop  of  iba  eaM.-,  jiiu  : . 
its  tPeigJu  to  deseend    and   rest  ugwx:  m; 
wings.     Its  up|M!r  part  lermiuaiv*  tn  >  nd,] 
which,  passing  Iwiween  two   rDlU-ra,pi»-' 
serves  it  in  a  perpeiidieular  pnatiioa.    A* 
the   wheel    is   turned,    the    uoiM   of  oi4 , 
wing,    (like   the    cogs  cpf    llic    wWli 
No.   131.)  pushes  belbre  it  the  water 
enturs  the  lower  part  of  nhe  cyliiukr,  i 
dnvot  it  through  the  valve  into  the  i 
ing  p>P»  A :  at  the  same  tirne  the  In 
ia  graaaally  raided  by  tlw  cun'od  snr&Hf 
the  wing,  and  oa  soon  as  tho  etid  ol'ilteUj 
lr>r  pafsea  tttider  it,  the  loa<l  na  tlie 
eaiiHi-s  it  instajitly  ttt  deaopnd  upon  thr  i 
one,  which  in  its  lam  prtMluccK  thi*  ■s" 
eRect     Thix  pump  i«  a«  old  as  die  I6th 
century,  and  proubly  wia  kitnwn  m(^ 
earlier.     HeaiaeB  the   do&cta  nunnMi  f 
most  of  iu  species,  it  has  one  pecnbw  V> 
itself: — as  the  butnieot  must  be  loaded  with  wpi^fhrs  sulKcieni  to  ovcmaP' 
the  prcMure  of  the  li<.]uid  eolumn  over  the  valve,  {othrrwisc  it  would  iov^ 
be  raised  and  Um;  water  would  escape  benrath  it;)  the  (Hiwer  town-*  ''"" 
pump  it  therefore  louro  than   double  the  amount  which   the  waiter 
up^j^uires.     The  iustruiuent  is  interesting,  however,  a«  aiToniin^  mi  ■■ 
lustnitii'ii  of  the  early  use  of  the  sliding  valve   and   slutfing  l-ox  ;  sail  *• 
containing  •ume  of  ihe  cliJinetila  of  recent  rotary  pumps  and  meairi-fnginc*' 
The  pump  reprn-semfd  by  No.  135  consists  al«)  of  an  exterior  esse  o' 
phon  cylinder  witinu  which  a  small  and  solid  one  A  iu  muil<-  lo  re volvp.  ^B^ 
the  ln«t  an  arrn  or  piston  is  attuclied  or  cast  in  onr   piece  with  it.  t^^| 
sides  and  ettd  of  which  ore  fitted  to  liear  slightly  aguinsi  the  side*  and  nm  vn 
liie  cum;.   A  Idilinetit  ii  B  slides  badcwards  and  Ihrwardri  through  a  fltuiSi   " 
Ihix,  aitd  Id  so  arrujiged  (by  means  of  a  cam  iir  other  n^ntrivnnre  ronne 
to  the  axlo  of  the  small  cylinder  on  tlie  outside  uf  tliu  case)  tlist  it  can 
pushed   intu  tlie  iiiierior  as   in  the   figure,  atwl    at    llie   proper  time 
ilr^wn   buck  to  afford  a  poasags  ft»r  tlio  piston.     Two  oiiruittga  near 
other  are  made  ihnxigh  the  caae  ou(ip[HMiu>  ^idoaof  B  B,  tad  lothfi 
«ttctinn  mid   fur^iitg   pipe's   titv  uiiitrd.     Thus  when  ibo   piatnn  i>  m 
hi  tliv  ditvcuon  i^i' the  amiw  on  t^wi  situW  tsV\wi«i,«.  v'*'^*^- * 
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ii.  ami  lh«  vncuiiv  formed  hnhinfl  is  irwUntly  BllerJ  Willi  (rpsh  por- 
Iriven  111)  ''""  ""■"""  p'p<-'  l»v  the  nttiMisphcn' :  iinil  when  ilie  pi^trnn 

roui-M!  desren^H  pa«i  K  B  il  <wirr:i»*  thid  Mrnter  up  the  nme  way. 
ih  luid  [>i(-Icriu(uii  nilnjiicrd  n  mo<liflr.ition  of  ihU  machine  in  1790,  m 
ine  and  aIso  a*  a  pump.     Rrp.  of  Ann,  vol.  ii,  73. 


y«.  ijs. 
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ErvpTcrvnti  another  rotary  engine.    A  ftgun*  iiritiBinsetiu'd  the 
lUK*  it  wiw  rclnvmied  here  a  few  years  ago  by  a  tmichanic  who 
y  dtttrcflsed  on  finding  Uiat  he  had  b«en  anticipated.  A  ootico  of 
nay  therefiirc  prevent  others  from  cxpcriotiriiig  a  similar  dtBappoini- 
nA,    Like  fnMt  odiurs  it  constsu  of  two  concentric  cylindeM  or  drumc 
*  aturabtr  ^aee  between   ihcin  forming  the  pump  rhauihnr;  bill   the 
taer  one.  instead  of  revolving  &s  in  the  preceding  figures,  in  itmnnvable, 
limg  fixed  to  Ous  rides  of  the  outer  one  or  e«e.     The  piston  is  a  rccinn- 
Liar  and  loow  piece  of  brasd  or  nther  metal  accurately  fitted  lu  occupy 
id  move  in  the  upac^  betwtten  l)ie  two  eylindeni.     To  drivL>  thu  pisTon, 
td  at  the  samp  rimp  to  form  a  hniment  hptw^m  iHp  orifices  of  tli«  uiduc- 
»w  Bud  ednrtion  pipes,  a  third  cylinder  i.i  employed  to  which  a  rpvolvine 
DCion  la  imparted  by  a  crank  and  »xl<-  in  thp  uflns!  way.  This  cylinder  is 
w««ric  to  the  nlhers.  and  is  of  such  a  diaiwter  and  iliieknesH  thai  iLs  in- 
Hor  and  examtir  jrarfiues  touch   the  inner  and  nulcr  cylinders  as  r<?pr(v 
>ntn!  in   tltf^  cut,  thi*   placex  of  eontuct  preventing  water  from  passing : 
«ln  nr  i^wDTo  e<qual  in  wiilth  to  the  thickness  of  the  piston   is  made 
jjjwwh  iu  periphery,  into  which  slit  tin!  piston  !a  p1a>ccd.   When  turned  in 
^Hnreetion  of  the  large  arrow,  tlie  water  in  the  tower  part  of  the  pump 
^^VBpt   round  and  forced  up  tb«  rising  pipe,  and  th«  void   bch'md  tbo 
*ioti  is  again  filled  by  water  from   the   reservoir  into  which  the  lower 
'P*  is  inserted.     This  machine  was  originally  dcAtgned,  like  most  rotary 
*'''i|>«,  for  a  steam  engine.     It  was  patented   in  (i^ngland   hy  Mr.  John 
'^^Uer,  of  London,  in   180.$,  and  is  described  in  the  Repertory' of  Arts, 
**-  Uc,  Sd  series.     As  a  matter  at  course,  he  cnntcmplatcd  its  application 
'^se  mter  : — "  The  said  engine  Htc  obfierves]  may  be  ueca  to  nJaa 
8^e  motinn  to  fluids  in  any  direction  whatever." 

*"  olhers  the  pistons  sliilc  within  a  revolving  cylinder  or  drum  that  la 
*"^wrie  witt;  rhe  exterior  one.  No.  137  is  a  tpccimen  of  a  French 
"^p  nf  I  The  buimoit  in  llic  form  of  a  segment  is  secured  to 

'Titif  r  lice  of  ibe  c^tc.  and  the  drum  iiims  tigatnsc  it  at  tb» 

ird  line:  on  bnlh  sides  of  the  place  of  contact  it  m  curved  to 
uf  tbc  arc,  and  the  sucking  and  fprdng  yvfoh  couvtTtvnacatA 
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with  the  |>uiiip  thnnigh  it.  u  repre««MfKl  in  tJ)i>  fisriir^.    To  the  oeiitn  at 
oiib  or  both  pnilii  ol'  thm  nanv  i»  jTrcMrd  r««I  m  thick  ni«c«i  of  tiraM  wbm 
outline  reM'uitiWtlial  olthp  li'ilcr  I):  tlip  tUilifnril  «dtf  m  placed  ■■ 
UlC  buinteul  oiul  tM  so  formptl  llint  llip  aainr  <ii«ar)r.i-  it  prpMfTved  ! 
U  uitd  ttie  omMMitr  partA  nl'  the  buiment,  m*  betw<.-rn  it«  cunvpx  inriiujt  tatl 
Uie  rira  of  lli*?  riup.     'I'hc  pislont,  a«   in  the  la*!  figure,  are   rects^if'ilir 
pttrc'cs  of  stout  iiiFtal,  and  anr  dropped  into  slits  msdr  thruugb  tli<- 
ibc  drum,  tlii^ir  li.>i)gili  bvinu;  i«]unf  to  iliat  of  lltv  rsHp,  uid  tbeir  v 
iho  dutmin;   beiuippu  its  rim   whI   tin-  U  fiivr.*.     Tlipy  are   movni  tij  » 
cr%ak  lUlDclitrd  In  the  drum  «xlc.     To  I«M«rii  liic  friction  uid  coaif'f"^ 
for  the  wwiir  of  tb«  biitmcnt,  that  part,  of  the  latter  3i;aini^i  which  i'' 
lurtiB   u  sumeiimcs  madi-   hollow  ;    «  piece  rif  braj«   ii   lot  iniu  j,,  y 
pre*»ed  ngunKt  the  periphory  of  the  drum  by  a  «prhig. 
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In  No.  138  the  axis  of  the  drum  or  smaller  cvlioder  is  to  plievd  i 
BftUW  its  periphery  to  rub  «^n9l  the  timer  circumferrBCU  oflhfi 
Two  rccURguloT  pifiions,  whose  Ivngth  mrv  ecjual  to  ilip  inlental  (t 
ler  of  the  case,  crosti  each  other  at  right  angk-s,  being  notched  lo 
tUow  them  to  slide  backwards  and  ibrwards  to  an  cxiviil  equal  w 
wideal  space  lielwc^jn  the  two  cylinders.  The  c«e  of  ilus  painp  ti"" 
perfectly  cylindricui.  but  of  such  a  form  that  ihr  four  ends  of  the  puWW 
are  always  in  contact  with  it.  An  axle  on  the  dnun  is  ninveil  by  ainDk- 
This  pump,  aitd  another  similar  to  it,  wers  described  in  Bmnwh  ■<" 
Dicken&on's  patent  for  three  rotative  tteaat'tngmet  in  1790.  Rep.  ofAiU- 
vol.  ii,  85.    Fire  engines  have  been  made  on  diu  HUne  phttciplo. 

Aoothcr  class  of  rotary  pomps  have  thoir  pMous  otaide  Bomewlmi  X^P 
the  vEuics  of  wind  milln.  Tiny  went  originally  dtrstgtivd  as  stcuii ' 
•nd  wore,  if  we  mietskc  iwi,  first  introduced  by  Uomblowvr,  in  thi. 
part  of  lh(!  liurt  century.     He  employed  four  revolving  vsuee  which 
«u   amttgcd   that)  while  onu  passed   edgeways  lhn.>ugh  m  tuu-row  aH 
which  it  hllcd,  the  opfMisiie  one  presented  it»  fact*  to  tlie  aclion  oTI 
Kenni.     These  mnclnncs  bnve  bwa  variously  modified  u  pw  : 
nerally  M|>eaking  they  ore  mnrc  conplex  and  of  eoanm  aiorr 
rangetnent  thtin  otlwn  !  we  bare  known  two  of  tht'ni,  Rv 
meter  and  app«rciitly  well  nude,  (at  a  cost  of  150  doltiti  . 
twrd  to  force  water  to  an  elevation  of  twimty  feet,  bi-coiitc  tici-.uigv^i 
thrown  aside  u  useJiMS  in  tho  eoursti  of  three  or  four  weeks. 

A  rcntrit'ugal  foreing  pump  aiay  be  hukIb  by  eadoBag  t}ir 
■Ujjosphenu  oite,  ^such  u  w-pniwiwA  u  No.  96,  f^tp  SflV.. 
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drum  or  caw,  to  whioh  ui  ascending  or  fbrcmg  pipe  is  anaclied:  tlio 
water  would  ruv  tliroagii  the  {)i|>e,  provi<led  the  velocity  of  the  amis  was 
inoreaiaed  aecoRliiig  u>  the  elevation  of  its  dischargisg  orifice.  Id  place  of 
tubular  ami.  iwo  or  more  vanes  radiaditg  from  a  vertical  axis  onu  turned 
rapidly  in  the  case  would  produce  the  same  otEect ;  the  succioo  pipe 
bviag  connected  to  the  bottom  at  the  i^entre  and  the  forcing  pipe  to  the 
nm  or  the  top.  Such  pumps  are  in  their  conttructiott  cimplvr  than  other 
rotonr  ones,  bendes  which  i>o  particular  accuracy  is  r«quir«d  in  fitting 
thair  working  ports;  ouwrthrleM,  they  are  as  ItiLble  to  dtrrangenient  as 
oth(>rB,  for  the  velocity  reuiiirrd  to  h«  givrn  to  llic  arms  is  so  great,  that 
tho  t«eth  of  the  whevls  ami  piniona  by  which  motion  is  tnuunitittvd  to  thera 
«rv  soon  worn  out. 

Concritugol  pumps  like  tlKMc  just  de^tcribed  have  been  tried  as  substi- 
tutes  for  paddle  wheels  o^"  rtcjun-vu*!*!!* :  i.  e.  ibe  wh>-<rlj(  were  con- 
ventxl  into  surh  punips  by  nichuiiMg  them  in  cas««  made  air<tight,  except 
mX  the  bottom  ihnmgh  wliicli  Uie  <fiids  of  the  paddles  slightly  projected; 
»  Isr^  Kuclion  ptf^:  pro^^eded  troni  r>ii«  udu  of  each  ciutf  (imar  lU  cen- 
m)  through  thu  buws  of  tiie  vpum?!  nitd  terminated  t^^elow  the  wutrr  line: 
by  tlie  revolution  ot'Uie  vrfaeeU  water  wkh  drawn  through  ihr-se  tiilK-s  into 
the  esse*  and  forcibly  ejected  below  in  the  direction  of  Llie  stum,  and  by 
the  reaction  nnved  the  vessel  forward. 

It  tUQst  not  be  aup))os«d  that  the  preceding  obeervadons  includ*^  an  ac 
count  of  (i/J-rotory  pumps.     We  hare  only  particuhmzed  a  lew  out  of  « 

Stu  mulbtude,  such  as  mav  serve  as  type»  of  the  various  classes  to  which 
ey  belong.  Were  n  deituled  de^cripbrni  given  of  the  numerous  forms 
of  these  machines,  mcxlcs  of  operation,  devices  for  opening  and  closing  the 
vdrcs.  moving  llw:  pistons,  diminishing  friction,  comijcnsating  for  iJie  weor 
flf  certain  parts,  (or  pocking  the  pistons,  &c.  j:c.,  those  readers  who  are 
nst  familiar  with  their  history  would  he  surprised  at  the  ingenuity  di»> 
plnycd,  and  w^ould  be  apt  to  conclude  that  all  (he  sources  of  mechanical 
(viinliinations  had  been  exiiausted  on  them.  We  would  tulvise  every 
laecliwiic  who  think*  he  ban  discovered  an  iinprovetneni  in  rotarv  pumps, 
WTei'iilly  to  examine  the  Repertory  of  Arts,  the  Trans(M:tioiiy  of  the  ^t- 
Ocijf  ol*  Arts,  the  London  Merhitnics'  Magiiziiie,  onj  pariicuiarlv  the 
Jourtuil  of  tl>e  FrmnklitL  Institule  of  Pennsylvania,  before  incurring  tJie 
«xp«uH:s  of  a  potent,  or  tliose  inoidOTit  to  the  making  of  models  and 
•ipfrimenls. 

Rntary  pump*  have  never  retained  a  pennnnent  place  among  machines 

lOrniiMng  Water:   they  are,  n»  yet,  loo  complex  and  loo  easily  deranged 

<obeadapt*Ml   for  oonmum  ttae.     Theoretirally  considered   they  are  per- 

ftffl  mw;hines,  but  the    practiiral   dlfficulcien   atleriding   tlitiir  construction 

tnre  hitherln  reitdered  tliern  [like  rotary  Nteam  trngines)  infrrior  to  others. 

To  make  tliem  efficient,  t}ieir  working  partH  reipiire  rn  he  adjusted  to  each 

odier  with  uriuKual  accuracy  and  care,  and  even  when  this  is  arrotn  pit  shed, 

(heir  efficiency  is,  by  the  iinavoidabie  weitr  of  ihiine  parlji,  ii{M*edtly  dimi- 

ntsbfid  or  desUviycd  :  tlteir  firiiil  cost  is  greater  tlnin  that  of  common  pumpa, 

md  the  expense  of  keeping   diera   in  order  exneetU  that  of  nthenrt   they 

cannot,  mor*wver,  be  repaired  by  ordinary  workmen,  sincr  |H-ritliar  took 

arc  rc<)uired  for   the  piirpoae — B.  farmer  might    «lmo.ii  mt  well  attempt  to 

repair  a  watch  as  one  of  tliese  machines.     Hitherto,  «  roiiiry  pump  has 

been  like  the  Psalmist's  emblem  of  human  life  : — '■  lis  days  nre  ur  gross, 

as  a  flower  of  the  field   it   Bounsheth,  the  wind  [of  expericDce]  paM«th 

over  it,  aivd  it  is  gome."     Were  we  inclined  to  prophecy,  we  should  pra- 

dict  thai  in  the  next  century,  na  in  the  present  otw,  r\ie  tvVmArvcaX  -^rawa 

wHlJ  rouin  tu  pro6miaonce  over  all  others  ;  and  tiiu  uuii.«t»  kA  ti«  oxAi- 
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Aftfy  woodeti  ones  will  then,  u  now,  Asty  all  5Uefn|)lB  to  ntpoMidc  At 
objc«L  uf  ilicir  nikoufaeture. 

RsciritocATiNG  BOTAHV  puupn  : — One  of  tho  obsUM^lcs  to  be  overcatu 
in  maJune  a  rotary  pump,  U   lh«  passage  of  the  pision  over  tlie  tMUnifiu. 
or  ovrr  liie  ajiarc  it  occupies.     Tne  itpparBlus  for  movln 
die  piatoo  approuciirs  to  or  rcoedes  from  it,  adds  to  ihi:  ' 
DUCfaine;   nor  t«    this  avoided  when  (but    purl  is  fixed,  iut   au   ^i4iiAicU 
movement  U  then  rot|uircd  to  bo  given  to  llic  puion  iiMolf  io  addilioii  n 
its  ordin&ry   one.     [ii  n.-ciprocaIuig  rotar^r  pumps  thc*e  difGciJiwa  «ff 
avoided  by  stopping  ibc  pUlon  wlien  it  iinivos  al  onecide  ofllie  bucBUM 
and  iben  reversing  its  motion  towards  the  other;  hence  thMcaire  leMOfll- 
ptcx  tlian  the  former  :  they  arc,  howcvur,  liable  to  some  of  the  udu<  nltov 
tions,  being  more  expenetvc  than  common  pump»,  more  difficuir  i> 
and  apon  the  whole  te««  durable.     Their  vanetie«  mny  be  inclu^^-- 
cwo  cUfttes  according  to  the  connructkuti  of  the  pi«ons  ;  iho«e  thai  ik 
fUmialied  with  viilve^  forming  one,  and  such  as  have  none  ihe  oilier,  lit 
nuige  of  the  pimoits  in  thcac  pumps  varii-Ji  ('reatly;  iii  some  the  arc  il«* 
cribed  by  them  Ao*r%  nut  excet^  90°,  while  in  otbem  ibey  malie  nttAjt 
OOinpletn  revulutiun.      Tbt;y  tire-  of  uld  date,  vnriou«  inoditirutiotui  of  1MB 
having  Ix-eti  pruiKimed  in  the  IGth  century.     No.  139  roiui«ls  of  aclMi 
case  af  ihu  form  of  a  tecUir  of  a  circle,  having  an  openiiri^  at  the  boum 
fer  (he  «i)ciiLixtnn   uf  wab;r,  and  another  to  M'hich  a  fort^ing  pipe  wilk  Iti 
valve  is  altiu--hed.     A  miivuble  riulius  or  pistiiu  u   liirned  on  acentrvkf 
a  lever  as  ri'pretteiUed ;  ihua,  when  the  latter  is  pulled  down  trtwardstW 
left,  tlte  furtiier  drives  the  contents  of  the  case   inroii^h  the  valve  ii  l^ 
ascending  pipe. 


Nil.  140. 


Belidor  has  described  a  similar  pump  in  tJie  (tnX  v  ottune  of  his  • 
Hydraul.  379,  The  case  is  a  larger  portion  of  a  cirrle  than  thai  iif 
139.  and  the  piston  is  fumiBhod  n-ith  n  valve.  A  pun^  on  tbn  nuu 
ciple  was  adopted  by  Brtimoh  aa  a  fire-enpine  in  1703 :  Hia 
cylinder,  lo  the  movable  njtlo  of  which  two  putons  were  nt 
extended  cpijie  iicruss,  and  hiut  an  opemni*  rnvered  by  a  rUrk 

No.  MO  rnnRists  of  a  short  horifonial  cylinder :  n  panJnn  nf  tl 
ptirt  is  Repareted  from  the  rest  by  a  plale  whore  thi*  surtinn  pip*i  «( 
jules  in  wo  openings  thu.  vm  qot«t«A  V^  cWck»  c  e.     The 
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tenJA  ttroneh   tlic  Aiitirc  It^nfTth  of  ih«  cylinder  and   ts  made  air  and 

oLasr  tight  to  hiiib  (miiIs,  and  uIm)  Io  the  plaLc  upon  which  ilfi  lower  edgu 

The   upp^r  ftdge  cst^nKla   to  the  under  sidoof  the  oxlo  to  which 

■ttoD  B  u  united.     One  ci>d  o?  the  axle  i%   passed  through  tjie  cylJti- 

r  and  the  opening  miide  tight  by  a  stutfing  box  ;  it  it  moved  Uy  a  crank 
lever.     Ne&r  llic  elKckii  r  r  two  other  opeiiingb  are  miule  through  the 
ItttK,  to  which  two  forcing^  pipes  are   secured.     Theae   tuhcM  nre  hent 

und  the  outnde  of  the  cylinder  ond  meet  in  the  chamber  C  where  their 

ifirvs  are  covered   by  eJocks.     Thus  when  the  piston  is  turned  in  either 

irectioD,  it  drives  the  tt'nier  before  it  through  one  or  other  of  these  tabes; 

tlie  s«m«  time  the  void  lel>  U^hiud  it.  is  kept  filled  by  rjic  prenare  of 

e  atmosphere  on  the  stirfaee  of  the  liquid  in  which  the  tower  oriftce  of 

e  suction  pipe  is  pisccd.     The  edges  of  the  pistons  ore  made  In  work 
loae  Ui  the  ends  and  rim  of  the  cylinder   by  means  of  strips  of  leatlier 

rew-ed  to  them.      Modificaiinnit  of  t}ies«  pumps  have  alao  been  used  in 

ti^land  lut  fire-engin*'*. 

ReciprocBting  I'otnry  pumps  have  sprang  up  at  dillerent  tinxM  both  here 
imI  in  Einrope,  aiiil  havi-  occustnnnlly  obi«ined  "  a  Incsl  habitation  and  a 
pune,"  but  hsve  never  li»^corac  pcrfi-^tly  r] nine ctir.n ted,  we  believe,  in  any 
oontry.  We  havii  u-x-xi  *ttmtt  designed  lor  ordinary  use  that  were  ele- 
antly  finished,  and  deconited  with  giliiiH^  and  japai^— they  rasemliled 
bose  oKotir  plants  which  require  peculiar  rare,  and  an«  nither  for  oma- 

ent  than  for  use. 

^Rnciproraling  rotary  pumpa  hare  alM  been  pro|>O0ed  as  steam-engines. 

WmXX  patented  one  in  t78S. 


CHAPTER    VI. 

JLmiUTtOK  «f  pamp*  In  moAa*  wMn-«arki  t  Ptm  aMd  bf  du  Ow«ot  -Ww«-»o>tu  u  Aif^ 
■yb  mA  9r^*n  St^nlw  uulroU  ta  th«  biMf  my—OkA  •aiar-watfca  M  Tolodu— At  Laaika  bndm 
LooSaa  wnriu  mt^tA  hy  bonH.  vu«i.  wlsri  *ai  *(nnt— WiMr  aafloa  at  Rular— IVatar- 
lu  arwlail  Oa  PaatHaaf  sod  Pool  Mmn  tIaaM  ai  Poiit — Celobnud  varlual  Narii— Emr  ofRaa- 
|Ma  IB  aiafct^  IhiW  nmaoaannir  taMpbi.  Amnlraa  BaiPp-avrka  :  A  iuatHj  of  th*«  ilaMrab]^ 
klniJanlaaaf  pwapi  lawralU  t>  .*(«•■  York  ciir — KttracuJraoi  thi  niiiiiirMar  ihr  CoraiuDa  Cousoll 
i>a«UaM  t«  Ihra  war  at  laSajHe>l>*c*— PuIiIk  *4l>-T-iTiickf  |ira)>o*tJ  luiij  aoaini^oiail  In  ITIi— Tra*- 
nr§  aMn  Maaed  la  bM*  Iha  aspenaa  --Copy  of  oar — MuahaUu  Caakiiaa|r— Wahir-*Mlu  at  Fair 
laaal,  rUUMpWa. 

Bhporb  noticing  another  and  a  diffcreot  clus  of  machinee.  wr  propose 
to  occupy  Oiis  and  Oie  two  next  chapters  with  observations  on  the  em- 
pliiyment  of  pumps  in  "  water-works,"  and  ttS  engines  to  extinguith  fires 
'liolh  in  this  country-  and  in  Europe. 

The  hydraulic  machinery  for  supplying  modem  cities  with  water  gene- 
rally coneisu  of  a  seriet  of  forcing  pumps  very  similar  to  the  msrhine  of 
Dtesibtus,  (No.  ISO;)  and  when  employed  to  raise  water  from  nmid 
Rfcunt,  or  where  from  tides  or  dams  a  sufficient  current  can  be  ohinincd, 
worked  like  it  by  under  or  by  overshot  wheel?.  An  acrount  of  old 
water-works  is  an  important  desidi-raliim,  for  it  would  throw 
on  the  history  of  pumps  in  the  middle  age.*,  during  which  little  or 
them  is  known.  The  older  citi<-s  of  (Tfrmany  were  ihc 
-.  thnt  mlopted  them  lo  raise  water  for  ptiblir'  purposes; 
,  fiiiitiTiats,  ajid  nppliciirion  urub'r  vfiriom*  oirciim 
'>rmiuion  \a  detail.     Uiviua,  in  his  ComtAentAT^  oti 
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the  inschiiw  of  Ci«iibiua.  ipoak*  of  putnpd  vrorked  by  waler  w1un>1i 
dien  cointnoii,  (A.  D.  164S.)     The  hydraulic  irngin«'«  m  Aug»htrgh 
u  one  lime  greatly  celebrated-     They  are  mentiotied,  bul  H'  '   ■'•■- 
by  Mte«on  and  oiber  rmTelerB  of  the  ITth  century.    They  xtl^- 
130  feet.     Blainvitle,  In  1706,  speilts  of  ih«in  <t»  amon^  the  i-uri'.Miit-i 
the  dty.  He  observes — "The  towen  whkh  fiiroMh  walcr  to  tJii*  ckt 
also  curious.     They  ore  near  llu!  gate  oalWtl  ubi-  /fr'i  Po**/,  lU' 
of  the  i,teck  which  nans  through  um  cay.     Mill*  «lu<-ii  ^o  d.: 
by  taauis  of  this  Lorrent,  work  «  great  mnny  puiii|i*,  which  nu»t  viiuri 
l«re»  hsad*!)  pipWD  to  tb«  highest  story  in  iht'so  lew  en.     In  the  iiuddle 
•  chuuber  ou   «^ach  of  them,  which   is  very  nt^tly  aud   haiid»oini>iy  a 
iug'd.  is  a  reservoir  of  a  ht-xtiguiml  lifjyrp.  mlo  which  the  water  i«  tutrr 
by  a  hirge  jjijJC.  tin"  exlremity  of  whitrh  x»  nmdf  like  a  dnlphiit,  and  ihroi 
an  urn   or  va*e  held    by  a  KUtu**  situng  iit  ihi'  middle  of  ilie   rcwr*' 
One  of  ilie^e  lowi^m   Heiidii  watrr  Ui  all   ilie  pubiir  fouritaititt  by  tmalV^ 
pipes,  aud  tlie   Uiree  others   sup[>ly  witli  wait.-r  b  Utoosand   hniiara  in  Ue 
city  ;  each  of  which  payt  aboui  eight  crowns  yeiiHy,  and  receiTei*  a  hmf 
dred  and  twenty  preny  large  measures  of  water  every  hour."     Tn 
vol.  i,  860.  Minson's  Travels,  fi  eil.  vol.  i,  137. 

Contrmporary  with  the  engines  at  AugHbiirgfa  was  onp  at  Smnn 
il  mentinned  by  several  uriters  oi'  the  17th  century.  It  was  errrlnd 
one  of  the  liridgus  nnd  moved  by  a  witier  wheel :  it  raised  water  t  ' 
reservoir  at  a  ronsidirrablc  elevution,  wheiu-e  lh«  litfiiid  M'ns  dtstri 
to  all  parts  of  t}ie  city.  An  okl  author  when  cpi'aking  of  it,  mentions 
android  in  Brvrnt'n,  a  ^pcrlrs  of  mcrhunisRi  for  whii-h  the  tifrmans  W 
at  one  time  lamous.  At  thr  entrance  of  the  arvcniil,  hr  obwrrvcs,  "  stanu 
the  figure  of  a  warrior  arni'd  cap<a-pe,  who,  by  tnt-cliatuym  umlttttitf 
steps,  as  soon  as  you  tread  on  tlteco,  litis  u]i  0)«  uever  of  bis  helmet  vui 
his  truncheou  to  salute  you." 

There  wa«  also  a  celebmtj'd  waler-eiigiiie  at  Toledo,  the  furaiet  rapia) 
of  Spain.     It  nused  the  wal^r  of  the  Tagus  to  llie  lop  of  (he  Alcswf, 
magnificent  palace  erected  on  the  summit  of  the  dechvtiy  ou  whn'b  tlie  "^ 
b  built;  the  elevation  being  "  five  hundred  cubitt  from  the  suriac«  of 
nTer,"     What  the  particular  constmctioo  o(  this  nwcliine  wan  «« 
not  been  ablo  to  ascertain,  nor  whether  it  was  originally  erected 
Moors  who  built  the  palace.     It  is  mentioiicd  by  Morcri  ad  a  "woi 
hydraulic  engine  which  draws  up  the  water  from  the  river  Tagui  o 
great  a  height,  that  it  is  lhcne«  conveyed  in  pipes  to  the  whole  city ;" ' 
in  the  middle  of  the  lut  (wnlury  (1751)  the  author  of  the  Grand  Gaff 
or  Topographic  Dicdonaiy,   remarks  (page   1989)  thai  this  "  admi 
engine"  wa*  then  "  wnlirplj'  ruined." 

The  inlroduccion  of  pump  rtngin«Mi  into  the  public  water- woriu  of  EuK' 
land  and  France  i»  )iufKci<-tit.!y  a«cerrtined.  This  did  not  take  plac*  » 
long  after  ihev  h«d  lii'rn  t-mjiloytwl  in  Uennany ;  and  both  London  sni 
Paris  were  ioaehted  to  engineers  of  that  country  for  the  fir»t  machines  tft 
raise  water  frnra  tlie  Tbume*  and  the  Beinc.  Previous  (n  their  inirodsft- 
tion,  cities  were  commonly  supplied  from  springs  by  mratu  of  pipes.  Al 
early  as  A.  D.  ISSti.  tlie  corporulinn  nf  London  nanmianccd  to  )«y  a  fj 
inch  leaden  pipe  from  some  springs  at  Tyburn,  a  village  at  that  time 
miles  distant  from  the  city.  This  is  supposed  to  have  '•-"" 
tempt  to  convey  water  to  tliat  dty  through  p^i,  and  ti:- 
before  the  whole  was  completed.  Tbowi  pip<*«  wore  ferr 
and  the  seanu  were  soldered:  part  of  them  was  acnd'- 
in  1745  while  iiiaking some  excavslioriH, and  auolhFrportiiMi  .'.  i .» 
doD  Mag.  fur  17G5,  p.  377.)     In  1439  Ui?  abbot  uf  Wfulnunster, 
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le  ri^ii  of  lite  soil  wu  rested,  gr*nte<]  "  to  Robert  Lai^  the  mayor  uiid 
Itizcns  of  LoDiion,  nod  their  it»ct:e*iton,  one  bead  [reservoir]  of  wuer, 
bnuinisg  tweuty-aut  perclwia  in  leneth  and  otM*  iu  breiulih,  togetlier  with 
ll  its  sprines  in  th»  matior  of  PaJdtngton :  t»  uoiuidenaion  ot  which 
pnnt,  the  city  ia  for  ever  lo  pay  lf»  the  »»id  ablmt  or  iiia  auoccssors,  W  the 
taAt  of  S*.  IVlcr,  fwo  jtpper  eontt."  This  gr&til  wm  coiitinQed  by  Henry 
Fit  who  at  the  same  time  atitliorlzed  the  mayor  and  «-ilizeiifi,  by  a  writ  of 
be  privy  seal,  to  purchaA*  two  tiumlrej  fothers  of  load  "  fur  the  intended 
^onc«  of  pipes  and  euuduita,  aud  to  tmprtu  plumbera  and  labourers." 
tutland's  Hint,  of  London,  pp.  4H.  107. 

'  [n  the  33d  year  of  Henry  VI 11,  the  mayor  of  the  city  of  Gioceaitr,  writh 
^  denn  of  the  chiirch  there,  were  auL))on2ed  to  "  convey  water  in  pipes 
r  lead,  gunen  and  trenches"  fi-om  a  neighbouring  hill,  "lati&fying  the 
wmert  of  ll»e  giwind  there  for  the  digging  iheredt"*  In  the  Uillowiiie 
tear,  the  mayor  and  hiirg^»se.*  of  PutJf  were  auihorin>d  to  erect  a  wind 
nil  nn  the  king's  wfiAti>  ground,  and  a  conduit  head  sixteen  feet  cqiiare, 
land  to  dig  hikI  draw  [wiUcr]  in,  by,  throngh  and  u|>oit  nil  pUt-es  Tn««t 
hd  convenient,  into  atiil  from  ihv  oame,  Acc.^yielding  yearly  to  thr^  king 
nd  hu>  hetm  one  p<-iiper  com."^  I(  wonld  npiteHr  llint  the  retutrvolr  wiut  in 
[to  low  a  situation  for  ilx  cnntenrn  to  (low  ihmugh  pi|ie:i  la  the  town,  uimI 
leoce  tlie  wiitd  mill  to  raise  it  suiiRrifntiy  for  ihm  piir|Ht«e.  The  miu-.hiue 
|9e<l  vviu  prolialily  the  cltain  i>f  tNilii,  which,  an  rem.irKeil  pn^e  135,  wa^t  at 
hat  tiroe  ofti*n  employed  in  *\xcn  c.A»fn.  In  the  35th  of  Henry  VITI,  the 
Drpomtion  of  London  was  anthorixitd  to  draw  water  through  piiiea  from 
knous  villages  and  other  places  witliin  five  miles  of  the  citv,  and  for  thia 
turptMC  lo  enter  any  grounds  not  encloavd  with  "atone,  brick  or  mud 
Iralla,  and  there  to  dig  pita,  trencbea  and  ditches ;  to  erect  heads,  lay 
lipet,  and  make  va«)ts  and  mtpiraU,"  Sec.  Two  years  aflerwarde.  ^A.  D. 
|546,)  a  law  was  paaaed  by  which  thoae  who  destroyed  conduit  heoaa  and 
tipes,  were  put  to  deaih.«  In  15-17,  William  Lamb  conveyed  water  in  • 
b&ileu  pipe  from  a  condnit  or  apring,  which  stiU  bears  iaa  tuime.' 
{  tu  1^82,  llie  first  pump  machii>ea  were  used  in  I«ondon.  lu  thai  year 
Peter  Maurice,  a  German  engineer,  proposed  to  erect  a  machitic  ou  thv 
rhames  for  the  more  efTectiiaJ  iiipply  of  the  city,  "  which  being  approved 
f,  he  erected  the  same  in  tlie  river  near  London  bridge,  which  by  suction 
bd  pressure,  thnnigh  pumps  and  valves,  raised  w-iicr  to  »\ifh  a  height  as 
|>  Mipply  the  uppi^rmoM  rooraa  of  the  loftiest  buildings,  in  tho  highest 
larl  of  the  city  tiwrewilh,  to  the  great  admiration  of  ftll.  This  enrious 
kachine,  thf^rtt  <>t'lhf  kind  liitU  ern-  wmJ  srra  j'n  Engtfi»ii,  was  no  highly 
proved  of,  that  the  lord  mayor  and  common  <:iHirt<-il,  ««  im  cnronnig** 
lent  for  llie  ingenious  ongineer  to  proceed  in  do  iiM'ful  *n  imdiTlakine, 
ranted  him  tiie  use  of  one  of  the  archws  of  London  briilgr  Tn  pt«r.e  hif 
pgine  in,  for  the  (setter  working  ther«>or."*  Mniiriri/n  enfjine  connittted 
fa  seric*  of  forcing  pumps  [similar  lo  No*.  llRaiid  ISl)  )wen  iiirhes  in 
iameter,  and  the  pistons  had  a  stroke  of  thirty  incheii;  they  we-rtt  worked 
f  an  nndersltfrt  whrrl  that  was  placed  iindRr  one  of  the  orc-hes  and 
pnted  by  the  cunfeni,  during  rhe  ri«e  and  fall  of  the  tide ;  the  water 
|>ai  raised  to  an  elevation  of  120  feet.  The  number  of  pumps  and  wheel* 
^  «lh*eqtiently  increaaed;  but  in  1822,  when  the  old  bridge  was  taksi] 
bvTD,  ihu  wliole  were  removed.' 
Two  years  before  Maurice  undertook  to  raise  water  from  the  Tbamea, 
>y»— "  One  Itustel  proposed  to  bring  waior  frtini  Islwworth,  vix  : 

> <-r2w.   Un    IfWl      »  tt.i<t.     '  Ibid.     '  MB.tlniid.  IM.     '  IbuL  160.  ~ 

t(  ttit^  Lvo-Juti  Bri>lg«  Waier-wnrfc*.  iit  BtighWa,  may  be  iwil  in  llw 
vi.  3&i.  sad  in  D«Mfalie»'  Pbilos.  u.  4S&. 
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the  river  Uxbridge  w  tke  aaid  tiortli  of  Lonilon ;  uid  UtU  hy  a  gramrirr^ 
i/utntm^nt :  lie  gtroiMiiindcd   the  inr^alion  to  Lord  Burlrigli."     !< 
Bcris  Bulmer.  an  EnKtiab  engineer,  uudcriook  to  «iipply  a  wnall  ■  i 
ofihc  city  will)  Thnmejt  waier,  which  he  nuMd  by  four  |iumpt>  ihi 
wnrked  by  1ii»-«<>h.     They  were  continued  in  it»u  tiH  the  tinw  tli:iT 
laitd  comnutiKod  hts  history,  vtz:  (o  t7S5,     The  pumra  of  other  \.  ' 
works  were  moved   by  hortics,  hy  wind   mills,  and  olueri  hy  the  ciir:-  i 
of  the  common  wwer."    Abom  the  year  1767,  one  of  Newcomen'?  't- . .  . 
engines  wa*  ercclcd  at  the  London  hriilg^  WDrkii  lo  raisp  wat4?r  ni  'n-.\\ 
tides,  and  ulso  ils   a  security  ngnin^t  (ire  during   ihe  turning  of  lIi'  '-li-, 
when  the  wheels  were  cm  .  nt   re«.     A  company  waa   im    ri.- 

rated  in  1(391  lo  supply  the  !  ■  ::ooil  of  York  Buildings  with  Tt.  ■:-  ■» 

Water;     Newcomen'*  cngiui-*  were  employed;  and  lhi»  pumps  1." 
plunffers,  one  of  which  wo  hft*'e  figured  and   deacrilied   ai   pap"     ■ 
Msilund  cnutnerai^,-!  tliem  among  other  cauMs  of  the  rotn  i 
menu:  "  the  director!*,  hy  purchasing  eatates.  en'ctiup  i.  ■      ■  u 

[new  ina<;him'N  for  rnisin^  water]  and  ullicr  pcrnit-ious  projecia,  bivc  aknait 
ruined   tjie   corpunitioni  however,  their  char^eahle  engines  for  i^iuv 
water  by  fire,  Arjuy  /«('*/  aaij*,  they  continue  to  work  that  of  hor««'. 
together  with  their  f-ilates  in  England  and  Scotland,  may  in  lime  i>  -:., 
the  company's  nffaira."''     A  figure  of  this  chtirgtahle  engine  i*  ir 
the  second  volume  of  La  Motraye's  Travels, 

The  author  of  the  Grand  Gazetteer,  a  folio  of  nearly  1500  p«gw.  iwb- 
lished  in  1751,  was  a  native  of  Kxeter,  on  which  ac-count  he  exciiMS  W- 
aetl'  for  descrihing  that  city  at  large ;  aAer  mentioning  some  ancient  rwK 
duits  he  obaor^'ea : — "  this  city  is  otherwise  well  watered,  and  not  qdI; 
most  houses  of  note  having  wells  and  pumps  of  their  own,  hut  by  thd 
water  being  forced  by  a  mnova  imttr-fnginf,  through  pipes  of  I  ~ 
[aid  under  ground,  even  up  to  the  very  steep  hill  at  Nortbgnt 
and  then  hy  pipes  of  lead  inio  the  houses  of  HU<-h  inhabitanU  as  ; 
mnderaie  |>nce  for  such  Itenefil.  The  said  water  house  atuJ  er 
iegvn  about  Anno.  Hi94."  This  cxtroei  shows  that  ni  the  close  ni'thc  11 
centntTf,  euch  works  were  not  i-ery  common  in  Kngliiih  cities:  of  this  li 
are  nomerous  indications :  thus  at  Norwich  "  the  water-works  at  the 
mills  were  undertaken  in  1697,  and  completed  in  about  two  year*."* 

Daring  ihe  reign  of  Heiirv  IV  of  France,  John  Linilaer.  n  Flffl 
erected  an  engine  cotuistingof  UfHiigpumpA^Riirh  as  No.  12j5)  si  ihrl 
Neuf  which  were  worked  by  the  current  of  the  Seine.  The  waW' 
raised  aWive  the  bridge  and  conveyed  in  |Hf>eH  to  the  Lt>U\'ro  aiHl  Ttl 
ries.  ThiM  engine  received  the  apjvellntion  uf  Th^  Stimarilum,  from 
figures  of  Christ  and  llie  woman  of  Samaria,  which  decorated  the  front  ^ 
ibe  building  in  wliich  it  was  encloAed.  The  success  that  alteudcfl  iJm* 
experiment,  led  to  ihe  erection  of  aiinitar  engineis  at  Pont  "Sotrc  Daiw',s 
figure  of  one  of  the  pumps  of  which  is  insened  at  page  877, 

The  mnat  elaborate  machine  ever  constructed  for  raising  wnr'>r  w* 
probably  the  famous  one  at  Marh,  near  Paris,  for  supplying  tin-  p-ibW 
mrdens  at  Verftailtch  from  the  Seine.  Il  was  dc&igneiL  bv  TtantMsjnia.  • 
Dutch  engineer,  and  set  to  work  in  168S,  at  a  cost  of  eight  :niUi.n,"  ^' 
livres — about  a  million  and  half  of  dollars,*'  We  are  not  av 
description  of  it  in  detail  was  ever  published  till  Belidxr 
account  in  the  second  vohimo  of  hu  Architecture  Hyi' 
•od  such  was  its  magnitude  and  the  multiplicity 

*  DcMiEitlipr*  tAf  "(tj^fy  imUious,  ■boui  Tout  ntUiioiu  ul  ^luija  stuliafi 
B«Ik)ot  ha<  only  «i^l. 
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lor  a  long  tune  iinwilline  to  ucdLTtakft  t\s   c'lucidntion,  on  account  of  iJie 
difficulty  ai  <leH:riiiiii^  w  with  xuflii'li'tit   j>nx:ii>tuii.     lis  g<*iM!rnl  fi-uLureB 
may  be  skutchutl  in  a  lew  worUii,  but  a  vuliiniu  o\'  lullur- pn.'K<  ami  iiiioUior 
of  pJuea.  would  be  required  tu  explain  and  dflineau^  iLc  whole  minutely. 
The  reservoir  ur  Iwad   of  tlie  utjuuduci.  iiitu  which  water  from  llic 
Seine  wa»  raided  by  thii  macbiue,  wiu  coniitructed  un  tJie  lup  uf  a  hill, 
61-(  (uUes.  or  three  quanera  of  a  mile,  ftom  liic  river,  and  nt  an  clrvstioD 
of  .^33  feet  (Eneliah)  ^K>ve  ic     To  obtain  a  sufBtiieDt  motive  power,  the 
river  was  Itarrcd  up  by  a  dam,  and  it«  whole  widtb  divided,  by  riilea,  into 
fourteen  distinct  water  courses,  inio  each  of  whioli  a  large  undoDtliut  M'hcel 
wait  erected.     Tiie  wheels,  by  means  of  cranks  attitched  to  both  ends  of 
their  axtcs,  imparted  motion  lo  a  number  of  vibmiing  levora,  and  through 
these  to  the  pinion  rods  of  between  200  and  300  sucking  and  forcing 
pttipps  !  The  pumps  were  divided  into  ibree  separate  sets.   The  first  cod- 
iHked  64,  which  were  pUced  near  the  river,  and  were  worked  by  six  of 
^^^Pwbeels :  they  drew  ibe  water,  by  short  auction  pipea,  oui  of  tJie  river 
and  forced  it  throiigh  iron  pipes,  up  the  hill ;   but  msiead  of  these  pipes 
being  continued  directly  to  tne  reservoir,  (which  mighi   have  been  done 
by  making  them  and  the  machinery  of  sufiicieni  streu^h,)  Itatinequiii 
made  tliem  terminate  in  a  Inr^e  cistern,  built  for  the  purpose,  ai   the  dis- 
tance from  the  river  of  100  &thomsonly,  and  at  an  elcvQUon  of  about  160 
teel.     In  this  cislern  be  then   placed  79  other  pumps  [the  second  set)  to 
foKe  the  water  thence  lo  suotfaer  cistern   324  fathoms  faitlier  up  the  hill* 
•ad  ai  an  elevation  of  185  feot  above  the  other,     In  this  last  cisiem  63 
pwnps  more  (the  third  set)  were  fixed,  which  forced   the  conteniE  to  the 
reservoir. 

In  thus  dividing  the  work,  Ranoequin  made  a  mistake  for  which  no  ia- 
gnsity  conld  compensate  :  as  the  second  and  third  sets  of  purnps  con- 
tnning  no  less  than  rme  iuadret!  and  xiziyoru-,  with  all  the  apparatus  for 
working  them,  merely  rmii*frrred  throngh  apnn.  of  ihe  di:>tinnct>,  the  water 
iriiieh  tne  first  set  drew  Hirertly  from  the  river,  iliey  were  in  rr>ttlit>'  un- 
twceasary,  because  the  firnt  Aet  mi^hi  have  been  madeio  force  it  through 
^vrhole  di.<itance  ;  hence  they  not  only  uiwle^itly  ronsumcd  (at  Ifaat) 
finrfifths  nf  the  power  employed,  but  tbey  rendered  ibe  wholn  mass  of 
■BKhtnery  cumbersome  and  c^mplicaled  in  rhe  higheAl  degree  ;  and  cnn- 
•oijuctitly  extremely  intrffirienr,  and  siihjert  to  rontinual  repnin*.  The 
liw  set  of  pumps,  as  already  ohsRr%-ed,  were  worked  by  the  wheels  near 
wkich  they  were  placed,  and  the  remaining  wheeU  imparled  motion  w 
t^Mston  rods  of  the  second  and  third  Rnis,  inihe  two  cimemAon  the  hill: 
of  oiBse,  therefore,  eighty-twn  pumps  were  stalionnd  at  an  nluvation  of 
upwards  of  thrwf  hundred  feet  abavf.  the  power  that  worked  them ;  and 
Wart;"  half  a  mile/rom  if  /  and  Boventy-nine  were  mie  hundred  thihoms 
frcfiB  ihc  wheel,  and  160  feet  nl>ove  rhem  \  To  work  tliMO  pumps,  a  num- 
^  «X  chains,  ar  jotKted  tratt  rods,  were  extended  on  frames  above  the 
pwwod,  all  llie  way  from  the  cranks  on  the  water  wheels  in  the  river  to 
™h  cisterns,  where  they  were  connpcted  to  the  vibraiing  beama  to  which 
wepi«on  rodfi  were  aria<-hc>d.  I<  was  ih(?  iranflmisBion  of"  power  to  such 
'levilioM  and  extraordinary  distaticps  by  thfise  chainB,  tliut  acfjuirud  for 
"*  macltine  the  iJUe  of  "  n  mnniiment  of  ignorance.'* 

A  wKter  in  the  Penny  Magazine  (vol,  iv,  page  2^0)  who  examined  the 
nuthiou  in  18X5,  aaya  thfi  snund  of  these  mds  working  was  like  that  of  a 
numWr  of  wagons  loaded  with  bars  of  iron  running  down  a  hill  with 
ade«  never  grutued.  The  creaking  and  clanking  (hn  observe*)  must  have 
co&Hiiced  the  mosl  ignorant  person  that  thn  expendiutre  vH  ■yoviCT  -"Kiaft 
tomaoosly  beyoud  whut  was  reqaired  for  the  pnrpoM  cffecxcd.    \^  \«» 
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been  estiiiHLtncI  tfa«t  95  per  ami  of  tba  power  waa  expmded  ia  cocnjBinii* 
mtinff  Bobon  to  the  nppsratus ! 

Tbe  evU  nf  working  tb<?  pumps  wilb  thaSta  and  chains  «l   surk  (cral 
dUtiuic-oit  from    iliu   power,  wa»  ureu  a  few  yvar«  al\er  tli«   mncbiiM-  wm 
eampleted.     In   1738  un  aUi^inpt   was  mnil«   \ty  M.  Camua  t'>  r<        ' 
water  lo  Uie  rt>i»crvmr  by  h  nuigle  lift.     TIm  altetii|>t  siicciwdt^    ' 
tiklly,  and   ihv   timchiiiv  was  mucli   •craint'd  by  the  «a 
chieflj  bemiuH!  rmiy  a  small    jioruon  of  Uir  fxvwrT  wax    i 
wheels  that  rained  iIih  wmur  iuto  the  ftrat  cuiern ;  lh«^  oU.f  rs  u  i;  n  : 
ibe  ahafu  aitd   cliaitu   aljovKinenUoiwd,  i>ot   brinff  applicable  (or    - 
poae.     But  even  Oii»  i»>in|Mtratively  amall  power  forced  thi-  ' 
rvaervotr,  aiid  lhu»  deniooatraled  the  practicalHlity  of  comply- < 
atoois  throw,  if  the  whole  apparatus  bad   been  )ula|)ted  ace 
thing  more  waa  du»e  for  nearly  forty  year*,  tuid  die  luacbin- 
U  before  till  1776,  wlieii  aiintber  triitl  was  made  In  raiae  ihe   Wi>i> 
to  the  secood  cisterti :  thia  succeeded,  and  it  was  tlien  hoped  ibai  t 
cistern  would  i>e  dispensed  with;  but  many  of  the  old  piiies  bn 
the  undue  strain  upon  them,  financial  difficiutiea  impeded  ibeir  u  •.  '- 
and  the  old  plan  was  once  more  resorted  to.     The  water  wheels  at  iul 
frU  into  decay  and  were   replaced  hy  a  stesm  engine,  of  rixtj'-fo'ir  '■  -^ 
power,  hy  order  of  Napoleon;  but  the  old  shafts,  cbaiii),  pipes  and  < ' 
&c.  still  remain. 

We  have  mentioned  only  S95  pumps,  but  there  were  in  all  upwinli  of 
850;   some  being  feeders    to   others,  and   to  keep  water  alwiivs  ovor  tls 
pistons  of  those  near  the  river.     As  each  pump  had  two  vsfves,  an  i»> 
mense  tjuantity  of  water  must  have  escaped  si  every  stroke  on  tli' 
Ing  and  closing  of  600  of  these ;  ton^hicfa  tnay  he  added  that  wtiirT 
past  the  leathers  or  packing  of  the  piittons.  and  through  the  innun    i-  ' 
joints.  The  64  puimw  near  the  river  were  placed  in  n  i>cr|K*ndiri;l  -    ■ 
tion  and  had  solid  pistons.  Tbey  resembled  No.  118,  cxcrpt  thnt  il  • 
ingftswel!  as  forcing   pipes  were  united   lo  the  sides  of  the  ryl:    ■ 
those  in  the  cittirns  had  hollow  pistons,  and   ihu  cylinders  wprr  invaltc^ 
and  imnifn^ed  in  llie  water :  one  of  them  is  represenlrd  at  No.  IS$. 

AuKRKAK  waTRr-workk.— A  history  uf  these  is  dcaimblt;  mid  is  co- 
tainly  due  to  posterity.  There  are  circumstancvs  cotuieclvd  wilh 
(}rigin,  plans.  pro|^Ks  and  execution,  especially  in  tbe  older  nties  of  1 
Union,  of  Meuco  ami  the  Canadtis,  that  ought  lo  b«  preserved.  Atii 
count  uf  (hem  would  be  useful  to  future  engineers,  and,  as  a  record  of  hii- 
toriciU  and  ■tatistica)  facts,  would  include  mailer  of  general  inieiust  io  con- 
ing tina».  The  circuin^toucvs  attending  the  Krst  ut«  of  pumps  uul 
«iigiu«a,  &G.  may  mow  b«  deecaed  too  inBing  ta  deservcparticulai] 
bat  they  will  increue  in  interest  us  time  kfows  older-  Wbcn  thaj 
that  awuits  the  republic  is  accouiplisbetl — when  the  condncni 
Mtidded  with  cides  from  one  oceui  to  the  other,  and  civitizatinn,  pf^f. 
and  self  government  pervade  the  whole.  Men  every  incident  i' 
early  cultivation  ofUie  useful  arts  and  improvements  of  mucin ' 
souptt  for  with  avidity  and  be  dwelt  upon  with  dehgbt.  Why  sboutd 
the  introduction  of  the  most  useful  maienalc,  manufactures  ond  iraplcnu 
into  tills  mighty  continent  tbrm  episodes  in  iis  history-,  as  well  «« 
fleece,  the  auger,  aaw,  or  bellows  in  that  of  clossic  Greece  t  And  wl 
should  not  tbe  names  of  ihoae  persons  be  preserved  from  obhviun  wbl 
Atrtr  made  tbe  first  pump  and  fire-engine,  the  first  cog  wheel  -  '  "  - 
engine — who  boiti  tlie  tirst  ship,  forged  tlie  firsi  anchor,  ero 
sow,  sliltinjr,  or  grisi  mill — who  m«i]c  tbe  first  pl'nich.  grew  tbi- : 
ni«ed  the  first  silk,  wove  the  dru  web,  cut  tbe  iirst  type,  maiie  the 
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pftper,  prtotod  the  first  book,  ttc.  tec  1  It  is  auch  men  u  tliese  uid  iheir 
■ucrvasars,  that  footul,  atrengthen  aiul  Riirich  a  natinn — who,  without  o»- 
luHtation  or  jMrade,  nmmot«  iis  real  imlependencfl — men,  whose  labor* 
•hoald  bv  mentioned  in  the  nalionaJ  archives  with  honor,  and  whnse  sia- 
iue»  and  poruiut«  should  occupy  xha  oiches  and  panels  of  the  rapitol. 

The  precise  time  wb^u  pumpd  were  first  introduced  into  New-York  is 
uncvrliuu.  This  city,  as  is  well  known,  was  foiindnd  hy  the  Dutch  in  ltil4, 
who  gavi'  it  thy  u-ppellstion  ol"  Now-Anutcrdum,  and  to  the  oniony  that  of 
New-Nutherlanui;  oamoa  that  were  condiiuod  till  the  British,  in  1664, 
took  poMewion  of  both  vaA  imposed  Uic  presc-nl  tmcs.  In  cxamimng  the 
manuscript  Dutch  records  in  ihii  olhcc  oi'thc  clerk  ofihc  Common  Coun- 
cil :  (a  volume  of  which  including  tho  pL*i-iod  ibut  L-xlcnds  from  May  39, 
1647,  to  1661,  hi«  bncn  tranilDUMlt)  wo  obvo  not  mvi  with  any  rffonince 
to  puiop:*.  L-ilher  in  wolls  or  aji  fire-engiiivs.  In  thi.'  firal  volume  ut' "  Mi' 
nuxet  of  the  CoimiutH  CtnuieU"  (in  miinuac:ri|i()  whi^rh  (rinl>nLccs  tIil'  imns- 
BCtiona  iVom  Octobur  1675  u>  October  1691,  nru  stiverul  urdinancvH  n-laling 
to  weiU,  but  ito  mention  is  madir  orpumpti  or  other  devices  by  wtiicti  lint 
water  wu  raised.  In  tho  second  volume  under  the  date  of  August  31,  1694. 
a  resolution  directed  diat  "  the  public  wells  within  the  city  be  repaired  u 
ibriaerly."  From  the  following  extract  it  appears  that  tlie  water  wu 
raised  by  h  cord  and  bucket,  a  windlass,  or  a  swape :  September  24, 1 700, 
"OrderoJ  Uiai  tlie  neighbourhood  that  live  adjacent  to  the  king's  fiirm 
tod  have  benefit  of  the  public  well  [here  btuit,  do  contribute  to  tiie  charge 
thereof  in  proportion,  or  else  be  debarred  from  drawntg  water  there." 

Id  the  third  volume,  coiLtainiog  minutes  from  February  1702  to  March 
)73S,  arc  Dolices  respecting  wells  to  be  dug  and  others  to  be  iilled  up,  but 
mlhing  is  said  respecting  pumps  being  placed  in  any.  The  same  remark 
wpltes  to  the  fourth  volume,  uicltudiog  a.  period  of  eighteen  years,  vis : 
CrtuD  April  1732  to  September  1740;  and  yet  it  would  seem  Uiai  pumps 
WBT«  at  thi8  last  duo  used  in  some  of  tho  public  welU,  for  in  the  fifth 
volume  under  the  daw  of  October  25,  1741,  ihey  are  referred  to  in  a  "draft 
of  8  bill  for  mending  and  Weeping  in  repair  llie  public  wells  Am>  rUMPS  in 
this  city  ;"  and  again  November  §,  IVflS.  a  bill  was  before  the  corporation 
"for  keeping  in  repair  the  public  wells  and  rtiMro;  and  January  10.  1769, 
two  bunoi'edpounast  were)  ordered  to  be  raised  "for  mending  and  keeping 
tn  repair  the  public  wells  and  pumph.*'  The  precipe  penod  when  pumpa 
wen;  first  introduced  in  ihereihre  unrertain;  but  from  the  language  of  toe 
tnnote  ofOctober  1741,  it  would  appear  that  rhey  had  then  been  eonie 
uno  in  use  in  public  M'ell» ;  and  from  another  minute  in  tlie  .same  volume. 
ta  pripole  wells  altio,  for  it  wa.i  ordered  that  "the  pump"  of  an  individual 
•mmld  he  deemed  a  public  one  and  kept  in  repair  at  the  public  expense, 
*n  an  application  r«  that  effect  being  nuide  by  the  owiiur. 

From  the  rapid  growth  of  the  ciry"  the  number  of  wulia  was  increoMd, 
■snow,  every  year,  and  in  1774  mcasurcB  were  taken  to  insure  a  iDoro 
abundant  supply  from  a  lar^e  well  in  tlia  Collect,  the  wsUir  to  be  raised 
°!l  machinery  and  ili^tributed  tliruugh  tho  city  in  M'uodoii  pipcfi.  On  tlie 
«d  April  of  that  year,  CArufophrr  Cu/et  proposed  to  tlie  corporation 
"to  erect  a  re,servoir  and  to  convey  wnUT  through  the  several  sireets  of 
•^  city."  The  proposition  was  subaoc^uently  approved  of,  and  Mr.  Colea 
'■heeled  "  to  enlarge  the  well  and  proceed."  A  committee  was  appointed 
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Co  unat  bim  and  to  superiiiteiMl   Uie  worlu,  and  severiJ  conUAct*  vi 
made  for  tuatenals.     To  meet  tlie  expeowj  SS500  in  treasury  ixAes  ww» 
ordored  to  be  ismied,  «nd  su[i»«4jueiitly  funher  aniuiinl*  M-«r>'  i 
issued.      Uiie  of  llii>  email  nottrs  is  tmvr  in  llie  ]H>s347Mnciu  of 
Esq..  «up4>nntendrat  of  ibe  Manhattan  wat«r-woriL»,  and  ia  io  Uhuk;  v-uc 

NBW.YOBK.  WATER-WOKKS. 
Nu.  3842. 
TAu  nvU  shall  mtitie  tStr  hrarrr  to  fkt  sum  of  TWO  SHII-LlM 
currnit  miMrg  of  lAr  i^oluny  of  Nbw-Vokk,  yxiyo^r  on  iikm«mi,  i-y 
Ma  tun,  Ai.nr.aMKTf  ami  CuMU(iN,ti,TVu^*M>-  atytif  Nm^  York,  at  iXr  i<^i 
of  cAamhcrlain  itf  tke  taid  city,  purtuant  to  n  \Mrif.  of  thr  »utd  Mai/ot,  .ii- 
denntn  and  Ct/mmonatty  oftAi*  thitf,  touted  the.  imnid  tint/  uf  .liLirw'.lAt 
ytnr  ofoitr  Lord  omr  tkotuand  ttroi  hmdrtd  and  KVenty-Jifr. 

By  ordtr  ofthjt  Corporat»o»,  Wm.  Waodsli, 

iif.  J.   H.  CRt<G£K. 


It  appears  Uiu  ibe  well  (near  Whitu  ilnnl)  wu  ealsrged,  and  k 
voir  baui,  but  nu  i)i{>es  were  laid  nor  ma^uner^  to  raiae  n-attir  enoud 
beibre  tbo  wur  broke  out  and  pui  a  slop  to  the  work.     T^w  proj«i  «w 
twt  again  revived  till  1797,  when  the  Manhattan  Company  wai  luouipo- 
rated:  ibe  preacut  welU  were  t)icii  mode  and   the  water   raised  1^  ilirn 
or  Tour  common, forcing  pumps,  worked  by  horses.     These  potupv  nsH 
the  water  bv  atmosphenc    preuare  twenty-five  feel,  and  forced   : 
feel  higber.  mlo  a  reservoir  in  tlw  Park  where  the  po«t  office  is  iw\y 
located.     In  1804  the  pumps  were  replaced  by  two  double    i"  'm  ,;     [• 
(No.  IS2)  Kfteeii  Inches  in  diameter  ana  with  a  stroke  of  four  (c-.i     1 
were  and  still  are  worked  by  one  of  Watt's  &te«m-engit>e«.     Tli< 

la  taised'lo  the  same  elevation  as  before.     l*bese  works  will  y\^ 

be  discontinued  as  soon  *s  the  Crotoa  aqueduct,  now  being  coiutructciL 
is  finished. 

The  Krsi  water-works  of  Philadelphia  were  oommenced  in  1799,  imI 
consisted  of  forcing  pumps,  worked  by  sleam^en^nes  which  nuMsJ  *•* 
from  tho  Schuylkill  into  a  reservoir  constructed,  at  an  eleiuuoti  of  Mfttt 
on  the  banks  of  that  river  ;  and  from  which  it  wau»  conveyed  to  ihr  o^ 
in  pipes  of  bored  logs.  In  18H  the  "  city  rounc-iU"  appointed  ■  w* 
initlee  to  devise  means  for  procuring  a  more  perfect  Nujipiy  than 
works  afforded  :  and  shortly  after  it  was  determined  to  eruci  two 
engines  and  purapa  on  anothor  location,  vi«  :  at  Patt  Mvtmt,  two 
and  a  half  from  tbu  city,  and  near  the  up[>cr  bridge  that  crovses  the  Sch 
kill.  A  roservoir  316  feet  m  length,  167  in  width,  and  10  in  depih, 
inado  at  an  elevation  of  96  fcvc,  into  which  the  pumps  forced  waier  frt*'' 
tho  river. 

The  great  expense  attondiug  ihu  eoiployinem  of  tteaio-enginn  kd  tf 
the  adoption  (m  1S19)  of  water  a»  the  nwrug  power.  A  dam  was  crwte^- 
and  in  1622  three  water  wheels  were  put  in  upcmliou;  these,  by 
on  their  axles  imparted  motion  through  s  connecting  rod  to  tlie  pi 
the  pumjis.     bi  addition  to  itio  water  consumed  in  turning  ibew  u  u-* 
a  surplus  n'mained  to  work  fire  udditiooal  ones,  whenever  tin-  wants 
the   city  mi^ht  recjuire  them.     An  additional  reservoir  wa«  al»o 
which  coniams  four  tnillions  of  gallons.     The  water  in   boUt   is  108 
al)ove  low  tide,  and  5C  above  the  highest  ground  in  the  city.     Iivii  ^ 
wure  oUo  » ubstituied  lor  the  old  wooden  one*.  The  whole  was  eXMr 
under  tlie  directions  of  F.  GrtvlT,  £54. 

We  look  the  opponunity  w^W  u.  FbiUidelf  lua  in  October  of  Uw 
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itit  yov  (ISIO)  to  v\taX  F«ir  Mount.  Six  brcMt  wheels  {1£  (eet  long  fttid 
friet  in  diiunoter)  wore  ta  operation  ;  each,  by  ■  crank  on  one  end  of 
axlo.  communicating  motion  to  ihe  ptalnn  rod  of  a  sinste  pump.*  Tlie 
tixipe  nre  double  acting,  the  same  as  fignred  and  descnbed  at  page  S71. 
\u»y  arv  pUcvd  &  Uttlc  below  the  kxIob  of  the  whoetn  and  in  nearly  ■  bo* 
«>oC»l  position.  TIkt  cvlindertt  fire  16  inchi-s  diameter;  and,  ihiit  the 
•ler  may  not  be  pinrbeo  m  \U  possogif  into  and  escape  from  ihem,  (be 
dacuon  and  eduction  pipes  ore  uf  thu  rame  bore;  and  alt  uncles  or 
p(  changes  in  their  dirocLton  and  those  of  the  mams  arc  avoided.  The 
roke  of  tw<j  or  three  of  ihc  pampe  was  fnur  feet,  and  their  wheels  ma4le 
nrtiMO  rvvntutions  per  minute  :  the  othnrs  had  a  stroke  of  tivL>  feet  ten 
idie».  and  the  wheels  performed  eleven  revolutiot»  in  a  minute,  consw- 
uently  the  content*  of  the  rylinders  of  \\iv  lalter  were  emptied  mto  the 
itKervoirs  twenlytwo  limes  m  tbo  same  period,  and  those  of  the  former 
tyeigbl  times.  The  cylinders  are  fe<l  under  a  bead  of  wniur  from 
irebaya  and  they  Ibroo  it  to  an  elevation  of  96  feet,  through  m  dis- 
'S90.     An  air  chmmber  is  adapted  to  moh. 

wibla  to  examine  these  wurks  without  paying  homage  lo  lh« 
_  skill  displaved  in  their  design  ami  execution:  in  tncse  res- 
lydrauJic  works  in  the  Union  can  eoinpeic.  nor  do  we  beliuve 
ley  mto  excelled  by  any  in  the  world.  Not  the  smullesi  leak  in  any  of 
e  jointa  was  discovered  ;  and,  with  the  exception  of  ilie  water  rushing 
1  tlae  wheels,  the  whole  operation  of  forcing  up  daily  millions  of  gallons 
ito  the  raservoirs  on  the  mount,  and  thus  funiishiug  m  abundaucu  one  of 
w  first  nocossunes  of  life  to  un  itumcusu  population — was  perfurmed  with 
•a  noise  than  is  ordinarily  nudti  ia  working  a  Buitli's  ueUows  !  The 
ictnresqoo  locution,  the  twUDCSs  that  reigus  m  the  buiidings,  the  walks 
round  the  reservoirs  und  the  grounds  tit  large,  with  the  beauty  uf  tlie  aur- 
Minding  scenery,  render  the  noiue  of  iJii*  plucu  singuhirly  ajtproprinte. 
Dr.  T.  P.  Jonea.  the  talented  uditor  of  ifie  Journal  of  the  Franklin  lu- 
itnie,  promiaed  bis  reuders  **  A  history  of  the  origin,  progress  and  i>re- 
!Ot  ilUie  of  the  Water-works  at  Fair  Mount,"  some  years  ago,  but  whic-b 
%s  not  yet  been  published.  His  fiUiuliariiy  with  the  subject  in  guncnd, 
u]  with  those  works  in  particular,  would  make  the  liistury  hlglily  inter- 
moK  to  tbe  present  guncrvtiun.  and  a  source  of  valuablu  mfoniiation  lo 
trars  ones.  S«o  Journal  of  the  Franklin  liiatitute,  vol.  iu,  Grst  series; 
'htr.h  cnniaina  n  plan  and  section  of  one  of  the  wheeU  and  one  of  the 
umps. 


■  What  a  cviiIrMi  with  tb«  a\A  worki  at  London  bridge,  whero  ara  wheel  worked  nz- 

■  Mul)  pomp* '.  ihe  frietion  nf  tbo  ntitniruu*  pisloiu  and  the  opparaliu  far  moving 
^f^P^■■^nil^  K  gnat  portioB  of  the  pewvr  emplojml. 
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CHAPTER     VII. 

riaft^miiMi  m^Mj  <m4  !•  lUbyloB  Hd  Tt**— EBrlov«4  kr  McMM  •MiiiM— (»«dfi 
thrlr»  ■  f  if -iniito—  NAtnil  n  by  ApadlnilotMfc— Th— a  pmb^blj  aijuJ  i*  oMki  to  iwn  :  »)>ir 

Hana  ■  rir»-««/iM  tsKriMd  i«  ti— Paia^  *»**  M  ptMMic  «<*aa«n<iuD*-^t«ak  in,  •  ItqMf  | 
JaMMl  fcf  fipi  rif  aod  nn  — MHnJy  i>i>lw4-^*Mn'«,  ib»  (ismmi  ifaJtoli*  fcjrlnJ^' 
CtM—  wif  »MWn  ilw— riw  pany  nb*  hfwaaiwn  •Tfiw*— U*a  if  ••{•«»  Mt  Ho«»— MnaMMri  »t 
IrlMr  af  Ptinj  (■•  Tn>n,  unJ  bx  Hcmkh.  Hnjchiui  ■Ml  Ih^k.  Rsman  tr«nMta— FsBiMNKy  rf  b« 
■outad  lif  JUf»tt— llKU>ul>U  prantiDK  •tf' CruMia— PoruMii  •■(mm  to  H«**ii  MH«»— Jl«4«n  * 
(ilMtilMltnl  tnn  Ik*  K|>MUIU—PiM(«Uu  la  Ibe  miMia  t^rrSuftnUUna-  «illi  -niwilM  tn^  Ww 
•nrib«l«d  to  d*awu*— CaMnrMfid  Iclb  •■4<lv)'*d  h  nbtiilHln  liar  Dalar  amt  ira-aaflMB— EaMM 
Iron  Ida  Tafit  Huual,  Wyakca  da  Wotila,  BarMky  Ui^t*  anil  Ptirt  UMtjt  inpMtMif  Ihia  OWi 
■atle  daru*  of  an  e4il  duhn  a/  Mlla*— -f  Inaaa'*  ap|iamu  IVwai  Af  nuiU— ttytlnf  h  «>*0  im  LaaAa  B 
qwasch  flrat  ta  ite  llik  r«aiHrr— Biiil  «ap1or<d  >■  C«uMaMl»Jtii*— AMtdau  af  ibt  Canada*  PMl»- 
Sr'>aCa  aoflM  |>«a  pMaoB— OtnMM  au^iaat  aT  Uw  IHik  mamry— 4'Mip  nvaa  !>■■•  Da«ni-ni« 
aufinai  im  LohIdb— BUnaU  ftaa  tha  BHaaWa  of  Ifcc  LoadiM  Caaiia  Caaoatl  iw^wlhii  t^am  mt 
•^m  III  IWT—£i(wrl»aB« «f  MaiuiM  BMMioaaO  l>r  Suva  tka  bt««Brta»—Kunc*  fr«» >•  Mm>|  rfito 
■nl  iannlan.* 

Op  tlic  raax'Iiinei  Hvxcrilied  in  the  Ist  aticl  2i1  bouiu  Homft  ore  pmplojr*^ 
in  reiving  Wiiter  for  |}il-    irri^Uim  of  Ittnil,  •ml  for  iiunlpmus  ptirpcMniif 
rural  alio  dumoitlic  Kciiitom^  ;  oilien  iu  viu-touii  opemtuint  of  mnnernal 
utid  thu  )irt«,  but  with  the  exception  of  (he  rentrifuf;^  ptiniitii,  (\[ia.95,  6, 
aixl  7,)  ihe  liquid  fulU  iticrtly  tram  lliem  all — i.  t.  ii  is  not  iorcibly  rjKtei 
AH  from  a  farcing  puinji  or  springe  :  whether  it  be  puured  from  a  baciM, 
dr^wn  tmiii  ft  cutter,  escape  frona  a  itoria,  or  from  tne  orifice  of  a  < — - 
or  the  ipitut  oi  aii  almovplieHc  pump,  it  ftowa  from  «acb  bv  iJii'  in. 
of  gravity  and  cniiaiHfuently  dftcemdt  aa  ii  Row»— tuch  macliinvH  ar 
fore  inapplicable  t'nr  projecting  water  on  fines,  because  for  thin  piiqi 
liquid  II  reqtiircii  to  atrentl  after  leaving  the  apertili-e»  of  dJschargr  »- 
a  velocity  Aufliciciii  to  carry  it  high  info  the  air;   and  also  when  n 
to  ft  diittaiiCL-  through  flexible  or  nlber  tube*,  lo  be  delivered  (miii  ti,f 
olerations  fiir  above  rhe  machine  itself.    A«  these  effect*  are  prtidu 
the  pumpH  Jcicribed  in  tlie  jin-seiit  division  of  the  subject,  racMt    of 
have  at  difltTcnt  times  i>cen  adopted  as  fire-engines ;  some  account  of 
imporliuit  machines  may  iherel'ore  be  inserted  here. 

Water  Is  the  grand  agent  thni  nature  has  provided  for  liw  exti 
ment  of  flames,  and  conrnvances  for  appUing  it  «-illi  effieei  have,  in 
ctviUzed  country,  been  a^duouslv  sought  for.  In  the  absence  of 
suiuble  implements, buckets  and  otner  portable  vesaels  of  capaoily,  at 
have  always  been  seized  to  convey  and  throw  w-ater  on  fires;  tujd 
itsed  with  rplerity  and  presence  of  mind  m  the  commencement  of  oos  have 
oArn  been  sufficleni :  but  when  a  conflagration  extends  beyond  their  rvack, 
llio  GitfT  of  the  burning  pilit  Ion  often  resembles  that  of  the  libips  of  £n«Ml 

Nor  bnelMU)  pouml,  imr  firoiui<l<  oCIidibsb  bnad 
Csn  thf  TiciBriotH  «loaji.-ut  wiib*uiid.  CaaU,  v. 

The  necessity  of  some  device  by  which  fkufream  of  water  might  be  for 
from  a  distance  on  tlames  must  have  been  eiirly  perceived,  and  if  wi* ' 
tojndge  from  the  trequency  and  extent  of  nnci<>ni  confiagmrioos.  iJib 
digioDs  amount  of  property  destroyed,  and  of  human  irn  '     ' 

■hem,  w«  should  conclude  that  ingeniotis  men  of  inrmrr  t.< 
Inted  ill  on  unusual  degree  to  invent  mnchincs  for  the  purpea' .     i  ;.iu 
wa£  the  case  cannot  well  be  c^aesooned.  although  do  account  uf  tlkuir 
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born  has  readied  our  time*.  It  seetiw  «xeeeUtiigly  probable  that  loine 
kiutj  oJ'limHmginee  were  uscU  in  tho  oelebruted  cttiuB  of  rctnotc  aticiijuity 
—-in  Nutcvcb.  Tyre,  Bubylou  ujiii  other*.  It  t»  sciircfl^*  possible  liiut  Uie 
Tyrian  niHl  UabvUmian  mochiuiieiuiB,  whose  iDveiitive  tdeitu  and  skiU 
were  proverbial,  should  have  left  their  apleodid  ettiea  dettiluie  uf  luch 
means  for  pntMfvitig  them  from  the  ravages  of  lire.  If  tlie  great  extent 
of  liabylaa,  for  example,  be  coniudnred,  ila  locacioii,  (on  an  exlenuve  pliiin,) 
ths  length  of  its  strecu,  (litieen  miles,)  (Le  height  uf  tu  buildings,  (tliree 
and  four  Htories.)  and  iu  unrivaled  wealth,  together  with  tlie  betti  and 
dryaeta  of  the  climate ;  the  necewiiy  of  such  machiuea  vni\  be  apparent, 
mnd  what  amNMn  peoesiw^'  tu  us,  we  may  rest  assured,  appeared  eijually 
■o  to  iu  meenaaicians,  and  that  they  were  quite  aa  capable  of  providing 
hj  their  ingeouttv  for  llie  emergency.  Nor  are  we  [eft  wholly  to  coiijec- 
OBPe  respecting  tlieir  hitowledge  of  hydraulic  or  pneumatic  machinery, 
nnoe  the  moet  tneiDOrable  machine  tor  raising  water  m  itie  ancient  world 
¥rs4  made  and  uaed  at  Sabylon,  and  one  which,  as  has  been  elsewhere 
observed,  greatly  exceeded  m  the  ek'vation  to  which  it  raised  il,  all,  or 
twariy  all  lue  water-works  of  modt-m  days.  Had  they  engines  like  ours 
then  I  We  dare  not  xay  they  had,  aitlioogh  we  aee  iMthing  improbable 
in  the  optaiou  :  the  antiquity  of  the  sYnnge  is  unquestionatile ;  and  its  ap- 
pUcauiin  to  project  water  on  tianics  muei  have  been  as  obvious  ia  remote 
aa  in  present  times ;  and  people  would  aa  naturally  be  led  then  as  now, 
to  efinBiruri  largu  onea  for  that  purpose. 

There  are  other  resaona  for  believing  that  syringes  or  pumps  for  squirt- 
water  on  6rL>i  were  in  use  pravious  to  the  time  ihcv  are  nrst  mentioo- 
in  history.     Fire  M^ai  one  oi  the  most  uummon  and  most  destructive 
nts  employed  in  ancient  wnni.  Whi'n  acily  was  besieged  or  assaulted, 

wu  the  &m  object  with  tfao  SMaiUnu  to  protect  the  moving  towers,  in 
which  their  battcnni;  eninnaa,  fcc.  ^iproacbcd  the  walls,  from  being  con- 
sunad  by  lire,  oil  and  pitch,  &&  thrown  upon  ihciii  from  the  ramparta. 
Every  source  was  examined  that  ingenuity  could  unfuld,  for  materials  and 
devices  to  protect  them;  and  as  not  obly  the  lives  and  property  of  the  in- 
habitants, but  often  the  destinies  uf  armies  and  even  of  nations  wurc  on 
■ucb  occasions  at  stake,  it  is  reasonable  to  conclude  tlutt  the  must  peHect 
apparatus  whieh  could  then  be  procured,  were  employed  i>oth  for  destroy- 
ing buildings  by  fire,  and  also  lor  preserving  them  from  iL.  We  know 
that  men  were  specially  trained  to  Arc  boildingft,  and  that  they  were  ex- 
pen  in  their  prolession,  especially  in  shooting  lighted  arrows  aiul  darts 
into  and  upon  structures  that  could  not  be  approached  ;  hence  the  neces- 
sity of  devices  for  throwing  water  upon  these  missiles  and  the  places  in* 
wned  by  them-  There  is  an  alluition  to  both  prar^ices  in  the  Epistle  to 
the  Gpheaiana,  vi,  16.  Such  a  ftyatem  of  warfare  could  never  have  been 
enrried  to  the  extent  that  it  was,  and  Inr  ao  many  ages  loo,  among  the  cele- 
brated nations  of  old,  without  forcing  pumps  or  something  like  them  being 
itaed  to  squirt  water  on  such  parta  aa  could  not  be  reached  by  it  when 
thrown  from  the  hand.  We  cannot  conceive  how  the  constant  repetition 
of  onr>  army  apjtlying  )t»  imere^es  to  the  deetruciion  of  another  by  means 
of  'tt*.  tnil  the  latter  equally  mtent  on  devising  and  applying  minns  to 
e  I '  '   without  the  appIicHiion  of  the  syringe  and  of  macninefl  an  the 

{>ri'  the  bollnws  occurring   lo   them — an  appUcation  so  obvious 

even  ihpni  that  the  sbghtcBl  mental  cCort  to  proauce  a  mnirlvanre  for 
ibe  purpose  could  not  have  overlooked  it,  oven  if  the  nccaflions  were  of 
little  moment,  much  less,  when  the  iovonbve  powers  of  armies,  and  of 
military  engineers  in  particular,  wcr)>  en^ged  in  the  resenrch,  and  the  fnie 
of  Mtioae  depotidud  upon  the  result.     Prom  a  remark  in  nue  of  Plin^'a 
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leltvuf,  to  wliich  vm  «luill  jir»M-»tly  n*l«r,  it  A|>[>v»n  tii!>T  ftmrnij;  ihp 
indivicliialx  were  brouglil  up  to  llu^  proftmion  of  f»'i 

Ttif  iyf/i7»o/r»,cir'lowii  takers' of  Dcmytria'*.  "I'-*"     -      ',  '•'■I 

cbanir-nl  gr^niuo,  woulil  have  availod  him  litUo  at  tlie  Kii-gt!  of  KbodcA,! 
the  fnovftble  towers  of  Uniiaihal  at  S^i^titnm,  if  tliciv  wurri' 
b«€n  in  posMTMion  ofmu&ns  to  prevent  tfaein  from  Ixnng  con- 
lire  uf  the  bosivg^d'— cf  mtttrrials  to  resist  its  oBvctv,  umi  npjM. 
tiiimitsb  it.     Th»l  lIip  rt.>soiircc«  of  tjjv  nijci^Dix  in  \h*;*9  rvspct^t*  mtn  i 
inferior  to  uur»,  may  be  iiilorrml  frum  spvoral   ht«tiirirR|  faci- 
their  niodv*  of  »iT»nng  llif«c  lawvrs.  They  wcrw  jjrinrally  ■ 
nw  huJi*F,  It!Hlhi-r  Monknil  in  n'atcr,  or  cloth  rtuiilo  ol  hair,  iu' 
allhrnigh  nt-ldiim,  thfy  wen?  iilattid  with  itietxl.    Sucli  wtrrtt  <•■ 
employed  hy  Tiliui   »I    tho  mttge  of  Ji-nimilem.      Thi*y  witt- 
fewt  high  Brid  wnre  covered  mII  over  with  »ht!et*  uf  iron  ;   p«-:i 
else  ciiutd  hav^  reaiAlcrd  liie  inceMant  torrunl*  of  lir«  which    i 
Jews  showered  ufMii  thein.      Bui  u  niiiguUir  proof  of  the  so^  . 
•eartlii^H  of  the  :iticieiil»  is,  that  the  modeni  apphcalioii  of  al" 
wood  incombuKtibl(>  wua  also  known  ;  for  ArvheUu*.  one  of  t' 
of  Mithridsles  iu  a  war  widj  tlie  Homans,  washed  01  er  a  wofilcn   lown 
>vtt)i  &  fwhiiion  of  it  and  t)iereby  defeated  all  the  atlt>rapts  of  &y tla  •"  f- 
the  structure  on  fire.     Thus  we  see  tUat  when   mechanics]  ninuu>  'j!-' 
them,  or  were  not  at  hand,  ihey  had  recourse  lo  chemical  ones.     Bui  u.41 
water  and  machines  for  dispersing  it,  were  extensively  etopioyed  eo  wfi 
occasions  appears  from  a  renutrk  of  Vllruvius.  He  observes  tliai  the  li'«l 
stories  of  ine  towers  contained  large  qnaiilities  of  water  for  the  pwp* 
of  extinguishinj^  Bre  thrown  upon  them.     Of  courso  they  had  meus  1 
projeirting  it  wherever  required,  but  of  these  utifortntiately  he  i» 
Montfaucon  has  engraved  a  fiffure  of  a  species  of  wheel  for  the  pqr 
biit  Its  represcntauoii  is  too  imperfect  to  indicate  the  nature  of  tic  1 
chine  of  whirli  it  «eems  lo  have  fiiroicd  a  pQXt. 

That  iiwc-liini'g  of  the  fmn/i  kittd  were  used  on  these  occasroti?  tr 
df.nt  fnmi  the  lemporarj'  conirivntiw  of  Apollodonis.  mi'ntiod 
mfunn  nf  It  work  othU  0"  IViir  Mai'fiiin's,  aiHl  iiuoled  bv  Prr.>ii 
man.     We  have   noticed,  at  page  230,  one  of  his  plana  for  1 
fire  in  the  upper  pnrtx  of  11  bitilUing,  and   thiii    to  which  v/v  i--. 
from  die  jiaitiK  paMagH.   Watt^,  he  observe*,  may  btt  con\'eyed  to  ■"' 
fftarfs  wtifii    t-xpOAed    lr>  Jitnf  littrtM,  by  meanw  of  the  enirails  of  ui.    - 
ti\tt*f.  natural  tuWii  lieing    connected  to  a  batf  filled  witli  water; 
precsiiig  the  bu  the  liquid  will  bo  rorc4?d  ikrotigh  them  tv  ita 
defttiuaiiun.     llnis  devico,  he  sayk,  may  be  adopted  wbt:n  tbo 
called  vipuo  is  not  al  htiM).     Now  if  we  bvl   not  known  tint 
sipho  wiis  ancieiidy  us«*d    to  designati*  syHoges  and  other  ti 
mentK,  the  subiititiilc  which  Apt^liodorus  here  pr<i|Mitte«  «uffici> 
that  it  was  a  forcing  pump  lo  which  lie  refers,  and  one  Iiki  t^ 
fi re-engines,  wns  furnished  witli   lealhern  Ikmc   ihniu^li  v,\\\i 
was  conveyed  to  the  "  elevaied  plitce*"  he  mentions.     Thf  \:- 
flexible  pijies  accompanying  tlif  pump  itr  sipho,  when  ('■■ 
is  obvious  ;   fup  one  of  the  objecis  of  thoHe  wiio  threw  "  hi 
towers  aiid  otlier  structures,  was  10  fire  tlieio,  if  possihl';,  si  place*  an^^ 
cessible  to  water  fiir  the  mosl  ditiicuU  to  be  reached— henee  ili»-  n<-r*-j**^ 
not  only  of  engines,  lo  project  streams  of  tliat  liquid,  but  also  /• 
to  Hirrct  it  to  the  places  iullamed  ;  and  hence  llie  suggi^tion  i . 
mentioned  by  ApoUodoras  when  unificiol  nues  were  out  to  be 
an  ox  was  always  Mrithin  the  reach  of  an  army. 

As  these  enpnes  would  of  coarse  be  similar  tu  sacli  u  wet*  iianl 
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citifMi  ni  timea  of  pi*aR»,  tt  m  tn  li«  regretted  that  neither 
Vltntvins  has  dufrrribvd  tbetn :  perhaps  ihey  were  too 
beeo  tboaght  worthy  or|Hu-tirtilnr  notice.  In  the  design 
'ihoir  BMentiat  parts,  they  were  pruh»bly  etjual  to  our  best 
penir>ns  mny  doubt  this,  but  it  should  be  remembered  thai 
'luicicni  vrars  iMturiUly  led  to  the  beat  oonstniction  of  all  mi- 
iery :  and  of  defensive  apparatne,  engines  to  exdngmdljt&ir 
¥a  been  the  least  itaponaiil.  when  that  cleioeiii  was  uiUYer- 
WJ.  The  comests  of  [he  oncienu  were  often  those  of  mechn- 
Lber  than  of  fighting— confticis  of  lalem  in  eiieineering  than 
ip;  hunre  the  mgenuiiy  displayed  in  thoir  miirliinery  urid  the 
mghl  by  it.  Archimedes,  oy  superior  machines,  protecief! 
'  mglit  mouhfl  aLgahist  all  the  efforts  of  the  Ie(;)ojn:«  of  Slarctilliis 
lUui  ungincere.  Tfao  successes  of  Dt;inciriiis  tuid  Hannibul 
luc  to  the  nnveliy  of  their  engines  :  the  Cuibi^utan  tnaehin- 
deod  pfovprbially  ekilful,  so  much  sn,  that  iu  Rome  itmlf  any 
e  of  moehanistn  was,  by  wmy  nf  eminence,  named  ptntic.  An- 
wren?  also  often  omploved  in  obuiining,  rainng  and  cmtitig  olT 
hydraulic  engmes  of  Giinymede  oparly  ruined  Cs<aar  ana  his 
xondru,  Cyrus  took  Babylon  by  diverting  the  coume  of  the 
fce.  The  frequent  use  oi  hydraulic  engines  in  war  either  to 
Lrea  or  fur  other  purposes,  would  naturally  lead  to  skill  !n  mak- 
H  iu  uaiog  them. 


^L  nf  f^mploying  forcing  immps  ut  fire-engine*  wai  not  new 
^BApolloaon»  or  Vitniviux.  wc  have  iwncluaive  nvideuoe, 
^bII  nnmbcr  nf  annient.  writings  that  escaped  ilestructioD  in 
BeTturbtitrnt  nge*  ihiu  intervened  between  the  decline  of  the 
|F«r  ftii'l  *h<'  inlrodticiion  of  printing  into  Euriipe,  was  a  Greek 
:u  fccfoinil  of  vai-ioiis  devices  For  tht-  appiicadtm  of 
-.  tin  Ptisfiiie  for  cxdnguiahiiig  firea.  This  snull 
<,   like  tliB    nriglnjil    work  of  Vitninaa. 

:1j  '"sde  and  published  in  the  \6\\v  oj^i  vi\\v 
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letrers.io  which  wc  uhall  pprspnUy  rcfor.it.  ni'|>fiir«tlr-it  Jtr.'-nt"  '^' 
iiiilivi(jii4l»  wi?re  brought  u|>  to  ihv  yrofis-rum  (•('••.xii' 

Tlitf  Hviepoita,  or '  mwii  Uikcr«'  of  Ufuicirius,  siiiu ■>:,..-  ^ 
chiuiics]  j/ciiiuit,  wuuld  liQvc  nvoiU-U  hioi  UuW  m  Lhc  eifge  »V  Kho 
the  tiHjv«ble  towun  of  UoDiiibal  al  Sa|ouiiuiii,  if  liiusti  wamon 
hevn  in  iKW«<!(Miiri  uf  muaun  to  prevent  tlicin  Iniin  being  ci)iisu£at.>j 
Grt-  nf  the  liettioginl — of  tnnicri^  ta  rvxiet  its  l-AVcu,  ukI  ap])«r«tu 
tiugiiidb  it.  That  Uio  rceoiirct-s  of  thu  nncJcnt^  in  thc«e  ri-fpwu  nf 
inferior  tu  uur:>,  may  W  infcmrd  from  M>ventl  hiMoncal  ticu 
their  tiiodc*  of  teciiring  t)ie>e  towcn.  Thev  were  genermll}'  v.a*r: 
rnw  titdux,  leuth'-'r  itoakeil  in  water,  or  ciniii  nuuJe  of  hair,  audi  loi 
alihuughiteldom,  ilicy  were  ptnied  with  nieml.  Such  wero  »*miii 
employed  by  Titus  at  the  uiege  of  Jern»nletu.  Tbey  were  m:v 
feet  high  an«J  wei-e  cctvered  all  over  with  «heet«  of  iron  i  p*rh*;w 
eUe  could  have  resisted  tlie  iticessimL  lorrenia  of  tin.-  whi<  ' 
Jews  showered  iipuu  iheni.  But  a  singular  proof  of  ibr  < 
searche.i  nf  iJie  nniMeiir^  is.  thai  the  modcni  applicadou  of  alum  in 
wood  inrnnihuHtihk*  wae  al»ii  kuuwn  ;  for  Archclaus,  uae  of  thi>  _ 
af  MitliridatCH  in  u  war  wiih  ihi*  Romans,  waafaed  ovit  u  woiMlni' 
with  a  Kohiiion  of  it  and  ihernhy  defeated  nil  the  aUrmnts  uf  By. 
ifai)  structure  uti  fire.  Thus  we  sire  that  when  raecltiiiiiRal  nwauii 
ihcm.  or  were  iH>t  at  hand,  ihoy  had  recourse  id  cheniicaJ  ones. 
water  and  mavhiups  for  di8pu^ain^  it,  were  extensively  employed 
occaanns  appears  from  a  remark  uf  V'ttravius.  He  ohservcs  thai  ihi 
aiories  of  tne  lowers  contained  \&r^  quantities  uf  water  for  iht- 
uf  pxiinj^ijihins  fin-  thrown  upun  tliem.     Of  course  ihey  had 

Sryjuctint;  ii  wherever  rctjuired,  but  of  these  unfortunately  he  if 
lonliatic^m  had  cn^nivrd  a  figure  of  a  ap-cips  of  whi.-ul  for  thi^  pi 
htii  il£  ri'pn-schiation  is  loo  imiierfcoi  lu  indicate  tho  nature  of  I 
chine  uf  wbicli  it  sot*ms  lo  have  furnK'd  a  part. 

That  muchimrs  nf  the  inimp  kind  were  ii««l  on  theao  nci^ftalnitfl 
dent  fV-iim  the  temporary  r^mtrivnnce  of  Ajmllodonit,  mrniJniied  in  tl 
ituiine  of  a  work  of  hiit  On  War  MarAinei,  and  nucnnl  by  ProfrHsnr 
man.     Wi)  have  notierd.  dt  pB.gc  23^,  onti  of  ma  plana  for  i-xtin{:l 
fire  in  the  upper  partf  of  a  huihling.  and  that  to  which  we  now  i 
from  the  wame  pa«it«Ke.  Water,  he  observes,  may  be  conveyed  lo  t 
placet  when  expoAed  to  Jierti  (tarts,  by  means  of  the  trnlnuU  of  i 
theie  natural  tutie«  being  connected  to  a  boe  fUled  with  water;  b 
pressing  tlie  bag  thtt  liipiid  wilt  be  forced  through  them  lo  its  f 
destination.     Tnts  device,  he  aaya.  may  be  odnpted  when  the  n 
eilled  ftipiio  u  KOi  at  hand.     Now  if  we  had  not  known  that  tl 
sipho  w»a  anHently  lifted   to  demgnnte  ityHn^ea  and  other  lubnlkr 
menta,  the  subtititute  which  Apnllodoruii  here  propnacB  st:-' 
that  it  was  a  forcing  pnmp  lo  which  he  refeni.  and  one  t 
fire-enpnea.  was  rurnishfd  with  leathern  hose   ihrnutrh  " 
was  ronvoyed  lo  ihe  "elevated  places"  he  mentionB,     Tli-  m 

tiexihic  [lipcfi  acompanyiiip  the  pump  or  sit^o,  when  oinplnyed 
is  obvious  ;  for  one  of  the  objects  of  those  wno  throw  "(icry  liaru 
loworfl  antl  rther  stnictures.  was  to  fire  them.  If  pftnitible,  ar  pi 
cuaaibie  to  water  for  the  moei  difficult  lo  be  reached — hrrrr  the 
tHrt  only  of  engines,  lo  project  strHams  of  ihni  liouid.  hui  also  ofatic 
tn  dirrd  it  to  llic  places  inHamed  :  and  hence  the  sug^'ftlion  uf  tb 
menunned  by  Apnllodoms  when  artificial  onea  were  tttrt  Ui  he  prd 
an  ox  wtt<  lUway*  within  tho  reach  of  an  army. 

Am  tbew  engiitea  wtmld  uf  coorK  be  oimiUr  to  ftlich  a«  w«n  i 


I  in  dtw«  in  time*  aC  peace,  U  ut  in  b«  rc^7«!ttrd  that  n^tb«r 
>r  Viiruviiui  liiu  dnMrribed  thnm  :  [>rrlin]M  thify  wi^rf  UMI 
tve  brcn  tkouglii  worthy  of  iMrtiriiUr  notir^.  In  die  deiign 
no  of  thoir  ptt.ieimnl  pnru,  iKi'y  vtfn:  pmlmlily  equal  to  ottr  hcvt 
mc  perxiiui  may  ilould  ilii»,  liut  it  ithoold  be  nrmcmlwred  that 
iTiuicutm  warm  niituruHy  U"*!  Hi  iImj  lipst  cunitiniction  of  all  mi- 
toery  ;  n nil  of  dcluixtivo  djipftraltis,  viigiuvs  to  vxtiii^ieh  ,;CrB 
ivB  Ixwn  liiw  It'Mxt  imiKirtatit,  whwu  Oiat  eWm«nt  wiu  ntiivpx- 
jf«<l.  Thr  cuntpatx  wf  liip  anci«ml«  were  Qftea  thtwc  of  loocha- 
ith«r  than  of  tiKtitin^^^-^onHtctA  of  taWm  in  engiDeering  Oiaii 
tip;  hancM  th«  nigrnuity  displayud  in  tlieir  macliiitcry  and  the 
oaeht  by  it.  Aixhiniedcs,  by  snjjrrior  machines,  protecteJ 
t  vtght  moraha  against  all  Uip  otfbrts  of  (he  lee>oiu  of  Slarcullos 
aiao  enginoors.  'I'he  succcisi-a  of  Demetnus  aiid  Haitiilba] 
du«  to  ilie  tiQvelty  of  than-  enginea  :  the  Canhagenian  macbin- 
ideod  proverbially  tkilful,  »o  much  tio,  that  lu  Rome  itself  ntiy 
ie  nf  tncchanieni  wsb,  by  vrvy  of  tttrrinettce,  named  jruitir.  An- 
I  were  alsn  ollt^n  emplnyuil  in  obtaining,  ruiiing  and  cutting  alT 

hydraulic  engines  uj'  Uanymede  nearly  rained  CtP^ar  niu  hie 
numdria,  Cynu  took  Bobrlnn  by  diverting  the  ujurtw  of  the 

&c.  The  fmjuent  ase  of  hydraulic  engines  ill  war  either  to 
firea  or  for  other  purpoaea,  would  naturally  lead  to  akill  in  mak* 

sa  in  ustRg  them> 


HgjiilUii  Firr-Kii<inE  "i  itic  ^  ti:ULui> 


fr^iB  IJ«-roii'«  afklrlUlla. 


id0«  of  employing  forcing  iiumps  a«  firc-enginea  wm  not  new 
'  of  Ap"Un.iiini«  or  Vitruviu*.  wc  have  concluaJYO  evidetwe. 

small  nmniRT  of  anciwiit  writings  that  escaped  destruction  tn 
and  lorbulimt  nge«  that  inlervcncd  between  the  decline  of  tho 
•ur  vxA  thp  intnvliirtion  of  printing  inin  Eurwjif,  vm  a  Greek 
tCOntaininc  an  account  of  various  dovinea  for  thv  applicatian  of 

unnng  thrm  an  engine  for  extinguishing  fir*-*.     This  smull 

illuflrated  with  figiif-ea,  like  the  original  wiirk  nf  Vitnivina. 
Itin  irmnsUtions  wltv  made  and  publialiod  in  thu  \^\\  u.iu.\  \1ik 
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letters,  to  whicb  wf  sinll  prefentiv  ruftjr.  itnppi-antJiii  arnnnjl!ip 
tiidividuals  wpr*?  Iirou^bl  up  l»i  u\o profruivn  ol'i-xi 

Tlie  i/t7c/Kj/«,  or 'lowu  takers' of  IK'iiielrius.uJili'     _;    j  t  bit 

chaiitcal  c^nius,  would  bavu  availtsl  tiini  Urtlo  at  thu  tw^v  oi  Jthioira,! 
the  uiorable  lowers  of  Haaoibal   at  Sagtiiilutn,  if  iIk***  «Tirri.n-  I 
beeti  Lu  pusseBsJon  of  meatis  to  pre*«ut  them  from  Wiitfi;  con- 
Gre  cifllM!  Iicsiuged— of  mtuerials  to  rcsUl  its  efiVots,  aniJ  nppi^n.i' 
liDUuisb  it.     Thai  the  rcBourcee  uf  tht?  ancivoiv  in  thcw  rT-?po<:t"  "*•■"■  :»< 
inferior  to  ours,  nmy  be   inferred  from  several   historicwi  RmtW   m- 
their  modes  of  securing  ihese  lowers.  Thev  wert-  gruwralljf  coti    ■ 
raw  hideii,  leather  Milked  in  water,  or  cloiti  tnsde  of  hair,  and  f" 
ttlthough  seldom,  thej  wpp.-  pUtud  wth  ttietiil.    iSurli  wcrw  •umt- 
otnployed  hy  Titus   at   the  stege  of  Jeni»ii.tem.     Tliey  wen-  - 
(eel  high  and  wrrr  coTiTi*tl  uU  o^Tr  wiili  sIipkiw  of  iron  ;   ("-i 
rlw  •.^tHild  havtr  ivfutrd  the  inrvAwinl  Tnrreiiiii  of  fin-  winch    i 
Jew*  ^howiir^tl  iijiuti  lltrm.      But  n  «iiit;ular  pruof  ol   thtf  ria^  i-  ' 
tiuirelifii  III'  the  hiiciciiIq  Is  <hat  ih<-  inodeni  u[iplic-iitiuii  of  alttm  \" 
woikI  incoiiibuslihti.'  was  also  kiioun  ;  fur  Archulaut,  one  of  lli<?  ^' '   '   ' 
of  Miilii-ulotcs  in  a  war  with  the  Huinan»,  wiuhed  ovvr  a  wrHNJMti  \ovrt 
witlt  a  bulution  of  il  and  thcreb_y  defeated  all   the  attempu  of  S<rlU  -k  vt 
the  sirur-turc  on  fire.     Thu*  we  tee  that  when  mvchamoil  mean 
them,  or  were  not  at  hutid,  ihe^'  Iiad  recourae  to  chemical  ones.     I' 
water  aad  machines  lor  di^pi^niiiia  it,  were  extitnuvety  eiuplojred  ■ 
oocusioRK  3]ipear)i  from  a  remark  of  Vitruvins.  He  observes  tliat  (]i- 
Morics  of  the  lowero  contained  lar^  quaiititiec  of  water  for  tL«  |' 
of  exiiitguithing  Hi*?  thru^^ii  qjiod  them.     Of  courve  they  bad  meHtir  f^ 
projeRtrag   it  wherever  required,  but  of  these  unfbrtunatel}'  he  is  ailnL 
Montfaucoti  hair  engraved  a  fiffure  of  s  epeoies  of  wheel  for  the  pBrpali^ 
but  its  roi>rc-M*iiiation  is  loo  imperfect  to  indicate  the  nature  01  ibrp^ 
chiiie  ofwhioh  ic  neems  to  have  tonned  a  part. 

That  machines  of  die  fmmp  kind  were  cued  on  these  occaAioni  \a  *^_ 
dent  from  the  temnorary  contrivance  of  Apollodorus.  mentioned  in  thn 
mains  of  u  work  ofbis  On  Wiir  Ma'-hinvs,  and  quoted  by  I'rofessot 
mail.     We  have   noticed,  at  page  235,  one  of  bis  plan;  for  extinguiibia 
6re  in  the  upper  pans  of  u  building,  and   tfiat   to  which  we  now  rrif  1 
from  the  same  pawage,   Watt-r,  bo  obserrce,  may  bo  convrycd  to  timut 
ptacet  when  exposed  to  ,ficry  dnrU,  by  itwftDs  of  the  entrails  of  •"  ■" 
tbe»e  nalural  tubes  being   connected  to  a  bag  filled  wii)i  water:  '; 

Sreenng  the  bag  the  lit|U)d  will  be  forced  through  them  to  in  [vm< 
esiinatim).     Tliis  dovicc,  he  says,  may  bo  ado|>ir(l  when  the  mtfi 
colled  Bipiio  ia  not  at  ianiK    Now  if  we  had  not  known  that 
sipho  wiis  .iiicivntiy  luied  in  designate  eyringcs  and  ot]ier  tubnli 
mcutx,  the  substitute  which  Apollodoruo  here  propotos  •ufHeivntlj 
that  it  W£i8  a  forcing  pump  to  which  he  refers,  nud  one  too  ihm, 
f»rv-enginuii,  was  furnished  with   leatliorn  boat  through  whi.  i 
wan  conveyed  to  the  "elevated  places"  he  mentionit.     The  ■■ 
flexible  pipen  .ic«omminyiiig  the  pump  or  sipho,  when  ■  • 
is  obvious;  for  one  of  the  objeclii  of  thofic  who  threw  "I  r 
tower?  luid  other  Alructureii,  was  in  firs  ihcm,  if  possihle,  a: 
cesBU>le  to  water  for  ibe  oioM  difBcall  to  be  reached — hei;f  <-  ■ 
not  only  of  engiues,  to  project  streninsofthnt  UauJd.  but  ■■ 

to  dimt  it  to  iJie  places  inflamed  :  bimI  hence  tiie  fuggt^; . 

mentioned  by  A  [lollodorus  when  artificial  onei  were  imt  lo  he  pror 
sn  ox  was  alwava  ^vitliin  the  reach  of  an  anoy. 
As  thete  ungiuus  wuuld  of  coune  be  aimiUr  10  sut^h  u  wcm  uaed  iw 


fVnsJBa^ruu'  tleteriied  htf  Hem. 
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fire*  In  cittei  tn  tsmes  of  |>t«cc,  U  ia  to  Ix^  refitted  tbftt  mnthcr 
iliucloruA  nor  Vitnivius  h*«  ilfscribod  them :  perliapa  tKejr  were  too 
I  lo  bav<*  been  diouglit  worthy  of  pitrtiL-ulnr  ikjocp.  In  the  design 
EUtion  of  their  pssoniiiil  pu-tA,  they  wcrv  prubably  equal  to  our  boat 
Some  perxniis  muy  duubt  this,  out  il  dbonld  be  rrmombtred  that 
nf  ancit>i)t  wun  uuiurally  led  lo  the  heMl  ooasiructimi  of  nil  mi- 
y  tna/iimvrv ;  and  of  dcfmiiive  uppanituB,  engine*  to  vxtin^uith ^firr 
_not  bKVD  Deen  tbe  \eaaS  imporiaiil,  when  tJ»1  element  Wiid  univer- 
ilojrcd.  The  cotiiests  of  ihif  ancioiitj  were  often  ihoie  of  niechu- 
mthi^r  tliiui  of  ti  gb tin);  eooflic  ta  of  (alcnt  in  enfj^neertng  than 
;  heoro  the  mgenuky  displayed  in  tljeir  mseliiiiery  aiid  the 
(ht  by  it.  Arcliinicdo*,  by  superior  tnRcbJiieA,  proteeled 
for  eight  monihfl  sganMi  all  ihu  effbrts  of  the  legions  of  Nlareellus 
Roman  engineer.  The  stieceuos  of  Demetriua  and  Hannibal 
■c  t^aii  due  lo  the  novelty  of  ibcir  engines :  tlie  Catlhagenion  mncbin- 
jwcrc  indeed  prorerbially  skilful,  so  much  so,  that  in  Rome  itaclf  any 
loux  piece  of  merhanisni  wss,  by  way  of  eminence,  named  pumK.  An- 
It  anniett  were  also  often  employed  in  obtaining,  fusing  and  vatring  ofT 
ler  ;  the  hydraulic  engines  of  Uanymede  nearly  roii>ed  Csesar  ana  his 
ly  in  Alexandria,  CyruB  took  Babylon  by  diverting  the  course  of  the 
t»brates,  iw.  The  fre<|uent  use  of  hydraulic  engines  in  war  cither  lo 
mguiah  Gres  or  for  other  purpoee«,  would  naturally  lead  to  skill  In  mak- 
■w«U  u  in  uni^  them- 


MtW9Ut 


^Blha  idns  of  employing  forcltig  uumpa  at  lir«*-utigines  was  tiot  aavr 
mFittm;  of  Apotloaorua  or  Viini*iuH,  wo  have  conclusive  oi'ideiicc. 
long  the  small  number  of  anciunt  writinfjs  that  escaptid  destiniction  in 
Ic  dark  and  turbulent  ages  that  intervened  between  the  decline  of  iho 
nan  powf"--  nrid  'be  introduction  of  printing  into  EuroiK-,  was  a  Greek 
liMcnpt   .  '  '^  an  aceouni  of  rarious  device:"  for  ine  upplieation  of 

and  leoi   an   ongino  for  extinguiphin);  firra.     This  small 

iF   illu.itraUMl  with  fijjiirejp,  like  the    iirif;i«iil   wrjrk  of  Vitnivivn. 

Iiotiti  translattoiu  went  tasde  an<l  piiblisheii  m  iVie  V^\V  U)A  \~1\\\ 
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lettcn,  to  whicb  we  jlmll  [(rosentlv  refer,  ir  nppvurg  ilut  in.i.ne  th 
individunlK  were  Uiiiu^lir  up  lu  vw  vro/rMiv  oft-M 

The  Wr/p/»o/M,  w 'liiwii  laJtert'dt  Dviiii>lriut,uJll<      _      , 
nliiuiical  geiuus,  wouM  havi>  avnileiJ  iitin  Lirtle  al  ihe  «ieg«  f>l 
llio  nKivablf!  lowers  of  HuiiiuIhiI   vt  Saguiiiuni,  if  tlies«  wh: 
Iiecn  in  pncsessiou  of  niL*iui«  li)  prevent  uium  fmiu  [leiiiit  coiir 
fire  (irUie  lje»ieged — of  taiitcruutf  to  resisi  itA  eBl'Cis,  uul  af>[«ii.ii.ir  -■■ 
dti^idli  ii.     That  ilio  rciounxfii  uf  the  nucients  iti  Uiew  re^pL'cta  wvk 
itiferior  to  ourit,  may  be   mferrcd   fTfta  several   hlsturkal  f«rr- 
llieir  motk'fl  of  securing  these  lowers,  Tbt'v  were  geiierallv  ■ 
nw  hides,  leather  »oake'i  iii  w  aler,  or  rloitt  made  of  hair,  mni  ti 
although  fteldoni.  they  were  plated  M"ilb  tuelul.    Smrh  werw  •oni" 
employed  by  TJUJs  at   the  aiege  of  Jerusalem.     They  wer- 
feet  high  und  were  covered  all  over  with  sheet*  ofirtin  ;   yi 
citw  could  have  ivsisted  the  inceesant  torrents  of  Hrr  wli  ■ 
Jews  showervti  ujkjii  them,     Bui  a  singular  proofor  t)ii- 
searches  ut   the  micienis  is,  liiat  iht-  mudei^i  appliciiliuii  i>t  a/*m  u- 
wood  iiM^oinbusiihlu  was  also  ktHJUii ;  for  Archebus,  one  of  tiic  j; 
of  MilJiridntoa  io  b  war  with  ihc  Komans,  wuhvd  urer  a  woudvu  ii 
with  ft  sulutjon  of  it  and  tlicrcby  defeutcd  all   the  atlemptjt  of  Sylln 
ifav  nraciure  on  Hrv.     Thus  wu  u'c  tbst  wbtn  mccliaaiinil  mcain 
them,  or  were  not  at  haiul,  th<^y  liad  rccotirvc  ro  ckmiiicnl  odo*.     Hot 
watur  aiul  machines  for  difijierviiig  ll,  were  exiemiv«ly  employed  on 
occoMOiu  appear!)  from  ■  n-nmrk  of  Vitruviu*,  He  obuervea  that 
itlorics  uf  the  lowcri  contained   large  quantiticit  of  water  for  ih 
of  extiu^ui^rhing  fire  thrown  u[>on  tliem.     Of  course   lliey  had 
projecting   il  wlwrever  retjuired,  bm  of  lhe»e  unforttuiat^ly  he  m 
Montlaticon  bn*  enjjnivod  a  fipuw!  of  a  »p««:ies  of  wheel  fur  the 
but  iu  r<>i>r('iwntttti(in  it  too  imperfect  to  indicate  the  it&uiru  o 
chine  of  wliicti  it  Aueuu  to  have  forined  a  part. 

Thai  HHichiiics  of  ilie  ptimp  kind  wore  used  on  tliese  occasion*  V 
dent  from  tlie  lemponiry  contrivance  of  Apollojorus.inemioncd  in  the 
mains  of  a  work  ot  his  (>n  War  Marhiniv,  and  quoted  by  ProfeMOr  Bf 
man.     We  have   noticed,  at  page  835.  one  of  his  plans  for  extinguith 
fire  in  the  upper  parts  of  a  building,  and   thai   lo  which  we  now  nfrt 
from  the  same  passage.   Water,  he  observes,  may  be  conveyed  lo  eUtvia^ 
piaca  whoti  exposeti  to  ^ay  darts,  by  means  of  the  entrails  of  ao  tt-    ' 
these  natural  lubes  being  connected  to  a  bag  filled  wiiii  watn;  lO'°**2 
pr«6siiig  ihe  bag  the  liquid  will  be  forced  thnmgh  them  to  ita  pitKcW 
aeaiinanon.     Tnis  device,  he  says,  may  be  adopted  when  tlu*  awiil"*^ 
called  Hipno  u  not  at  /tand.     Now  if  we  bad  not   known   that  tiHH*" 
sipho  was  anciently  used   lo  desii^naie  aynngOE  and  other  tubular  'latnX' 
mentii,  tho  aubstimie  which  Apollodoniu  here  proposes  suflictenily  vemc* 
thai  it  waa  a  forcinj.'  pump  to  which  he  refers,  and  one  ino  that,  hir""' 
fire*eagiiH-t,  was  furniohcd  with   Icalbem  boao  tlirougb  which  lb' 
was  conveyed  to  tlie  "elevalcd  places"  he  toentiotia.     The  ifi-.n"'" 
ftcxible  pipes  accuinpatiym^  tin-  puinp  or  sipbo,  when  i 
iaobvi(kti»;  for  one  of  the  oujecta  of  those  wlm  thn-w  "In 
t(iwor»  and  oilii^r  struuturcN,  was  tn  fire  them,  if  pu^^ihle,  at  p 
ceuiblc  to  water  for  the  most  difficult  to  tie  rcBclied — hence  the 
not  only  of  enginci,  to  project  stnmms  nf  that  liquid,  but  also  of  nich 
to  dirtd  it  to  the  plaoc»  iiiAamtrd  ;  aikd  henrc  the  suggestion  of  th« 
ueniioijed  bv  A[N>ltodortiii  when  artificial  ones  werr  not  to  bn 
an  ox  waj  always  within  the  reach  of  an  army. 

At  thene  ciigttieft  would  uf  coar«c  be  umilar  id  Bucb  aa  wcm  ohm' 
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tinfruisb  finc«  in  citie*  in  rimes  nf  prAce,  it  in  to  be  regretted  thiti  nchbcr 
{>t>lloiioriu  nor  Vitniviua  ha*  dfiM'ril>e*l   them ;   perbiips  thcj  vr«rc  loo 
BommoQ  to  bavc  lie^n  tfaoag^t  worthy  ol'  |)«ni<-iil»r  notice.     In  the-  design 
Witt  execution  nf  thrif  p«aential  parts.  tiiPV  were  probably  «qunl  to  our  beat 
BngtiiL-«.  Some  p<»r*ons  may  iloubt  thi*,  biil  «  sbonld  be  remembered  that 
tfie  nklure  ornnruint  war*  iiaturally  led  tn  the  bent  construction  of  all  mi- 
tUry  macbinery ;  and  of  definitive  apparanu,  engines  to  exiiiig^iiish j!re 
maid  not  hii%-e  been  Out  leui  tmnortant,  when  ihitt  element  vnti  imirer- 
(dly  employed.     The  cnntetita  oi  iho  anrienta  wefe  often  those  oi'  mecba- 
weal  xkill  rather  than  of  fiehtin^ — eonflicia  of  talent  in  engineering  than 
ill  p;eneral«hip ;  hemre  the  mpeniiiry  (]»]ilaye(l  in  their  maeliinery  and  the 
wonders  wrought  by  it,     Archimcdfta,  ny  superior  machines,  protected 
Byraeiiae  for  eight  nrnniha  agaimit  all  the  efforta  of  tbe  legions  of  Marcellna 
HM  the  Roman  en^neerd.     The   snccessea  of  Demetnit^  and  Hannibal 
were  often  diie  to  the  novelty  of  thoir  enpines:  the  Carthngenian  mncbin* 
ista  were  indeed  proverbially  skilful,  80  ranch  so.  that  in  Rome  itself  any 
carious  piece  nf  mechaniam  was.  by  way  nf  eminence,  named  punic.  An- 
cient annie«  were  alao  often  employed  in  obtaining:,  rai-iing  and  cutring  off 
water;  the  hydraulir  en^^inef!  <if  (ianymede  nearly  mined  Caesar  and  Kis 
army  in  Alexandria,  Cyras  took  Babylon   by  diverting  the  course  nf  the 
Euphratee,  &c     The  lre<pieni  use  of  bydraiilie   engines  in  war  either  to 
wtu^niah  firaa  or  for  other  purposes,  would  naturally  lead  to  skill  in  mak- 
iag  IB  well  aa  in  naing  ihem. 


tt»  HI.     K«yvU«a  Pire.Ki.„  „••■     i  l  ,    1.:  .    nluiy  lMr>Fii  Clxul.  Own  UcirDu'>  SplrfMNa. 

,  That  the  idea  of  employing  forcing  itiimpfl  ad  fire-engines  was  not  now 
"'  die  time  of  Apollodonis  or  Vilnivius,  u-e  have  conclusive  e'v-idence. 
^■Wiig  ihe  small  number  of  ancient  writings  that  escaped  desiniction  in 
™«M  dark  and  turbulent  age*  that  intervened  between  the  decline  of  the 
■MBW  power  and  tbe  introduction  of  printing  into  Europe,  was  a  Greek 
"         enpl,  containing  an  account  of  various  devices  for  the  application  of 

Uid  among  tbem  an  engine  for  extinguishing  fires.     This  small 
was  illustrated  with  figures,  like  the    original  wotV  oS  Vwr^iiW. 

'  Luiu  tntMlttioM  were  made  and  pabliuicd  in  tW  \&i>\  uA  Vli&k 
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letiers,  to  wbich  we  shall  prrsently  wfisr,  ilap|N!!if«tJi.(t  arr.nnc  tTir  K^-rrtf 
ijidividuals  wi^rc  braugbt  up  xa  iliB  profrman  of  k'\- 

Th«  HrlrjioJf*,  or '  town  lakers'  of  Deinetnus.  •Itin     .,     , 
citantcal  (^nius,  would  liavp  avfttlc«l  liim  Utile  at  Uiv  *ii-gf  ni 
the  momble  towi^ra  of  Uanniba)   at  dagutitiim.  if  liir.-«c>  wa.'^ 
been  in  posecBsioo  of  raoans  to  preveut  tjjetn  IVom  being  con>-i- 
fire  of  ibe  besMged— oTniaterialfi  Ui  resist  its  irfli-cts.  i>i>d  np|' 
tiagui^  it.     Thai  the  rCTOurces  of  the  luicivuu  in  thp*«  rt^]" 
inferior  lo  ours,  miy  be   iari-rrod  from  wvcral   lii«tr>ncNl  iiu:>^ 
iheir  modes  of  securing  ihe^e  towcns.  Thev  wfixr  gctii«>nU!jf  •■ 
row  hides,  b.-atbcr  soakwtl  in  wiittrr.  or  cldifi  made  of  huir,  uml  m'i  ■ 
alrhong^hBeMorri,  iJii-y  wtfre  pUtnd  witli  metal,    Suth  Wvtk  wwiim- 
empliiyed  by  Tilti»   «■    the  siege  of  .IrrHWilttm.      Th«"y  xven-  - 
ltt«t  high  >ind  wttn;  rowred  idl  ov^r  w:lh  fthcnt*  of  inm  ;    iwit. 
elMi  r.fiittd  HhV)^  rt-HisltHl  Our  iiu^cMiiiit  tiirreiiU  of  fire  which   liii'  ti< 
Jew*  Mhowerod  iijHm  tWin.      [tut  n  Kinj^iiinr  pro<if  uf  tlic  »nf^ril;i   ^: 
■esrehvK  of  ihc  ancients  in,  tlml  the  nnnleni  upplicnlmti  of  aiu/"  :■■   ■    i  ■ 

wood  ineonibHiiiible  wh*  ulsii  knuun  ;  fur  Arehelnm,  one  of  il-      

of  Miihridaiev  in  a  woj  with  the  Kumans,  wuihed  oter  *  W" 
with  »  miliition  of  it  and  thereby  defenteil  all  the  ntlempli  ol 
the  Blninture  on  Bni,     Thus  we  *ee  ihut  when  mechaiucal  m-  :  ■■ 

them,  or  were  itot  iit  hojid,  tbey  had  recourie  to  chemical  oiici.  Uir  u- 
water  and  machinev  for  Ui9|)ersing  it,  were  extensively  eniployed  •m  vurl 
OGcavion*  appears  from  a  remark  of  Vitmvius,  He  observes  tliai  ihv  k^irt 
stories  of  the  lowers  contained  large  quanliiies  of  water  for  th*  puT]-"- 
of  extinguishing'  fire  thrown  upon  them,  Of  course  they  bad  mesM  'rf 
projeclitig  il  wherever  required,  but  of  these  untbrtunately  lie  is  fO* 
Momfauciiu  ha?  engraved  a  ficure  of  a  speeies  of  wheel  for  the  pi.T"" 
but  iia  representaitoQ  ts  too  itnperfeci  to  indicate  the  nature  ol  tf^  -- 
chine  of  which  it  seems  to  have  formed  a  pan. 

That  machines  of  the  ptmp  kind  wore  used  on  these  oocB«ioTW  i»  «^ 
dent  from  Oie  temporary  cuutrivance  of  Apollodor«8.menrioi.' 
mains  of  a  work  of  bis  CM  War  Maehina,  and  (pioleU  by  Frc" 
man.     We  have   noUeed,  at  page  236,  oiw  of  nis  plan*  lor  rv  i5 

firo  iu  Ibe  up{ier  parts  of  a  building,  oihI   that   to  which  we  ' 
&om  the  saline  passage.   Wuti»r,  lie  observes,  may  be  conveyed  lo  •" 
jftact*  when   i.'xposed  W  Jurry  tJarU,  by  ineaiw  of  xhn  iintriuls  ol'  lu.  .  - 
these  natural  iiifae«  being   connMted  to  a  bag  fille«i  with  water ;  b»  asW*' 
pressine  the  but''  the  liquid  will  be  forced  ihrougb  them  to  iu  plan  «'> 
destination.     This  device,  lie  sayp,  may  be  adopted  when  the  "uxiiw' 
called  8IPU0  u  not  at  hunii.     Now  if  we  had  not  known  thai  th«  ittV 
sipho  was  aiuiicntly  UM'd   in  designate  cvriages  iuh)  ullier  tubular  inftm* 
m(;iil:<,  the  substitute  which  ApoUodorun  nere  propoces  *■>■.'."  ;.r.«re* 

that  it  was  a  forcing  pump  to  which  lie  refer*,  and  one  r  liif  tnif 

ft  re-en  ginvs.  was  furni^hf^d  wiih  Icatlicm  hose  through  ' 
was  conveyed  lo  ihe  "eleviiipd  places"  he  menti'Mu.  T 
flcxibk?  pipes  accompanying  tl»»'  pump  ot  siphii,  when  1 1 
is  obvious;  for  one  oFihe  oojecis  ofthose  wlio  iljrew  "ll-  ■   '■ 

towers  oud  other  structures,  wu  to  fire  tkem,  if  |>ciiuiible,  at  plm"  "<' 
ceMihlit  u>  water  for  the  most  difBcall  to  be  reached — hence  tin-  inf"  >? 
not  only  of  engines,  lo  project  streniBS  of  that  liquid,  bat  also  ni' '.'irh  :-il-" 
to  dirKt  it  to  the  places  inflamed  ;  and  liencc  the  suggeelion  ol  iLr  iuL<<^ 
mentioned  by  Aiwllodorus  when  artificial  ones  were  nut  to  be  procarw' 
an  ox  WOK  always  witliin  the  reach  of  an  army. 

As  ihsM  DDginea  wuuld  af  coorw  he  similar  tu  tucb  w»  wen  vwJ  ^ 
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»-  :'•'-•■  ^-ciwrnll^  iwed  in  engines  u  thw  day.  Thia  part  of  ilip  A^re 
I  lit  nomtnnndinK'ii  imnslaMon  oftlir  8|>iri(a}ia  ia  not  ithown 
mic  tilt!  atmneiimrm  Dt'the  pipes  is  prccwly  asBhovmin  the  cut. 
thiA  uliliiiriii  to  the  divhnreing  [>i)»o  roiiM  not  have  been  made  in 
ICth  «:«*titury,  when  tHt>  wnrk  fell  inio  the  hands  of  printers  and  cn- 
frhvi-T^,  ff>r  ill  ilrnr  rim*'  flie  use  of  it  was  not  known,  while  from  the  small 
ifci  it  could  have  heen  of  no  «ervic«.  That  il  originated 
III  f>irm<;d  a  promineiir  tVaturr*  in  the  orignwl  figure,  in  evi- 
rrtxr ;  when  fipenking  offhe  esrupe  of  the  vrarcr  from  ihia 
iiine,  hi.'  expreHAly  Hinteii  t)uil  il  nriui  i^irced  oiit,  in  the  same 
as  mit  of  a  vaa*'  or  fountain,  which  he  hml  pr"?viously  deiwrilied, 
of  comftrrtteA  air — '  per  arrem  in  ipto  coatpmtvm.'*  Nothing 
be  plniiwr  ihiin  this ;  for  every  miuiiifiietnrer  of  pnmps  kiinwn  thai  in 
ke  ahaence  of  an  lur  vessel  there  ronld  have  heen  no  air  to  rompresa. 
It  U  on  iiiteresEiag  rarcamstaDCc  in  the  hi:fUiry  of  ihiB  ancient  enfrine 
the  air  veaa«l  abouUl  have  betm  preserved  throneh  so  ituiny  a^ea  witen 
lue  was  not  known.  While  lU  size  waa  diminished  iu  form  was  re- 
bioed.  It  is  no  wonder  that  the  old  copyists  considered  it  an  unsightly 
uniteecssorY  cnlariremeni  of  the  disenargin^  pip"-  *"*!  hei>ce  ihey  re- 
ed il  aceordinj^y — certainly  the  fancy  thiu  could  add  the  reeliuiffular 
^sl  In  lite  upper  part,  would  not  hesitate  to  remove  (he  supposed  aefiw- 
fiity  from  tlie  lower  one.     Some  persons,  deceived  by  the  imperfect  ro- 

E'Mtntmion,  have  sappowd   that  such  engines  were  not  used  iii  llie  time 
Herou,  ntid  that  the  fie^re  and  de^irrinlion  were  inserted  in  hii  work  oa 
TO  hints   for  fiiturr   mechanicians  to  improve  on  ;  bat  the  description 
Itaeuily  indici(tJ>4  itiAt  eimilarr  machines  were  in  mutual  u8e>     The  ma- 
1  luid  workmanship  nf  the  pumps — metdlic  pinions  and  spindle  valves, 
fpinrds  to  pTi-vent  the  latter  from  op<-ning  too  far ;  tlie  mode  of  form- 
B-ncck  hy  a  kmd  of  swivel  joint,  somewhat  like  the  union  or 
sw ;  the  apphcarion  of  an  air  **eMcl ;  two  pumps  forcing  wnier 
pine,  and  hoih  worked  bj'  a  douhlc  lever,  are  proofs  that  the 
liino  described   hy  Hemn  waa  neither  an  ideal   one,  nor  of  recent 
fin  or-  nsc.     There  ore  features  in  ir  that  were  very  slowly  developed 
nianut'ietim^hi  in  random  limes.     It  is  nor  at  all  improbable  thai  an- 
al en^ne^t  were  equal  lu  effeci  to  the  best  of  ours;  but,  whether  they 
*rti  or  iwrt,  one  thinp  is  certain,  thnt  to  the  ancienta  lielonps  the  merit  of 
overing  the  principlrs  employed    in  iliese   machines   iiiid  of  apnl^g 
1 10  pnutve.     It  LH   remnrkuble  too,  that  fire  enfpnes  made  their  fir«| 
'pnuaiice  in  Egypt,  thus  adding  another  to  the  numerous  obligationt 
tl«r  which   tliat  wotidcrful  country  has  placed  otviliciod   nations  in  all 
f  *nw  tn  come. 
Having  noticed  llie  use  of  pumps  to  exCin£tu»A  fires  in  ancient  waHare, 
ay  remark  tliat  they  were  also  employeil  in  the  middle  ages,  if  nol 
,  to  promotf  contingTations.  vvt ;  to  Innch  ■!tre«m«  of  Grtekjire.  This 
kviterioiH  salMtonce  is   represented  as  a  li<|uid  :   Berkmun  says  it  eer- 
ily was  one;  and  so  far  fVom   being  quenched,  its  violence  waa  aug- 
d  b^-  contact  with   water.     It  was  principally  employed   in   naval 
is,  being  enclosed  injurs  that  were  thrown  into  the  hostile  veaaeU. 
also  blown  diruugh  iron  and  copper  tubes  planted  on  liic  prowa  of 
atM)  faacif^iily  Mliapf.>d  tike  the  mouths  of  animals,  which  seemed  la 
yi  streaina  of  liquid  fire.     There  is  among  the  figures  of  war  maeliinea 
old  German  muislation  of  Vegetiua  already  mctitioocd,  otie  that 
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(judging  froin  iho  flomm  Usuing  ffom  manBinnu  animals'  ni(.TUi!i>^  ^t-ia>  lu 
havt)  b<^cn  dMignr'd  for  pri'>)ccting  Groek  fire,  though  11 

ecivo  how  it  wiit  daoi.'.     Anntlior  nuKli*  of  Dsing  ihia  u :..    . 

wu  by  forcing  it  tr  jet*  "  by  meaiia  of  lurge  fire-engine*."  and  stm 
"  the  «oldt«ra  Miuirted  it  from  hand  engines."     lu  eS*ectB  upon  tl.^T»  .< 
whom  it  waA  thrttwn.  »eem  in  have  been  aonwwhal  similar  in  thoM  pRc 
duccd  by  the  cumpoitttioii  ofttlroltol  ntid  enirita  of  turpentine  rficcntly  uiapt- 
cd  a^  a  ftab«tiliitc  for  diI  in  )amp»,  and  which  has  oct'saiom^d  so  many  tm 
illsMlcn,  by  thn  explosion  of  vessnls  containing  it  and  it5  consecjii- 
pennon  ovt*r  llie  persons  of  the  sotferers.     Il  waa  easy  (say»  Beck- 
conceive  the  idea  of  diwhargiii^  Givfk  fire  by  means  of  fonnng  pui&fu, 
heoau.'u;  rhn  iipplicaiion  of  tliem  lo  eitinpTjish  firrs  waft  kttown  femt;  \^m* 
iu  invention.     It  is  aitppOB^  to  hare   ori^natcd  uHlh  ('. 
engineer  of  Bnlliec,  in  the  7th  c*>ntnry.  It  may  howpv^r  '< 
in   the  uld  Gn'ekd  aoii  Romans,  for  they  mado  use  of  simn.i 
projecting  fire  ;  Monc&ticon,  in  describmc*  their  marine  cumV^ 
"  another  mcxJe  of  annoyinf;  enemies*  shtpe  waa  by  throvring  bit-  ' 
which  tJiey  did  &flcr  different  ways,  wirao  using  ior  that  purpose  t . 
and  fire  buckets,  others  threw  in  pots  filled  with  lire,"     From  an  ■ 
aioa  uf  Ur.  C*.  A.  Agricnla,  a  physician  of  RaiislKin  of  the  last  eei' 
a  wurk  ou  Ganlening,  (see  page  1S7  in  Bradley's  translation)  it  v^   < 
pear  as  if  something  like  the  Greek  6re  was  then  in  use.     Enumcratjig 
several  pernicious  invemions,  he  notices  "  That  infernal  one  of  ffunpo»do. 
How  many  cities  and  fortrcases  haa  it  rained  '{     How  many  thounndi  of 
men  has  it  destrnycd  !  And  what  is  most  deplorable  is,  that  this  an  ^*s 
more  and  more  complete  every  day,  and  is  brought  <o  that  perfe«rion,  liut 
in  IloUand  unA  some  other  parts  they  have  riRB  roMi'ii  filled  with  h 
compositions,  wherewith   they   eject   fiery  torrents  to  a  grest  dii 
which  moy  occasion  dreadful  and  irreparable  damage*  to  mankind." 
Fires  and  wiirs  have  ever  been  deemed  ihe  most  awfiit  of  earthly 
mitics,  nnd,  unfortunately  for  our  race,  they  have  too  of^en  been  tini 
for  warriors  have  generally  had  recourse  to  the  former  to  multiply  iW 
aeriec  of  the  IsUer;  and  in  almost  t^ery  age  ciiip«  hove,  like  Jeneho 
Ai.  Hebron  tuid  Ziglag.  Troy  and  Thebes.  Carthage  and  Athene,  ~ 
Cum  and  Bagdat,  been  burnt  with  fire :  and  in  some  oases  "  all  the 
thert^in  destroyed" — "  riiios  burned  without  iithshituits."     Il  was,  we  1»- 
lieve,  from  ihe  horrible,  the  inconceivable  Bufferinga  enitured  on  nth  o"" 
casions.  that  much  nf  the  thrilling  imagery  of  the  Bible  was  derived,    f* 
die  nfiending  Jews,  Gix]  wa«  reprem-nreil  as  "a  coniirumiug  (ire,"  and  lb*] 
were  urgetl   to    re[»eiitatice  "  lest    liis  fury  corm-  forth    like  fire,  and  hitf*' 
tliat  noiif  <3in  ([uencli  it— lent  he  break  ntii  like  fire  in  the  hnn         '  "     ■   ^ 
and  there  l>e  none  to  quench  it  in  Bethel ;"  and  soroe  of  the 
liislons  of  the  prophets  have  reference  to  "  firebnuiJ^,  arrows  .mtl  .ii  at  ^ 
— to  *'  blood  and  fire  and  pillars  of  smoke."     In  modern  timr-*   inn,  «■  ^ 
riors  have  been  the  greatest  incendiaries:  hamleia.  towns  nti 
been  wfintonly   consumed,  and   the  "  gallant"  acl»irs  have   i 
shiver  with  their  nhouta  of  acelamarion  on  witnessinET  tl>*'  *;  '  ' 

Aftgration.     Well  did  the   ancients  represent  Mars  lirree  in   ■•  ,  .     ' 

diahing  a  spear,  and  driving  in  his  chariot  o'er  mani^ind  eorsf!4,  axtud  tOT 
ctiuigor  of  amu  and  the  ahrieka  of  the  dying — Pnar,  Terror  ■■■"'  rii.-..^ 
in  hia  tr«in,  while  before  went  Bellona,  with  her  hair  loom 
with  g()re,  and  a  firebrand  in  her  band.     And  these  ar**  ibo  a- 
men  pnifejwing   ehrtjUiantty  worship  wilh  all    llw  fervor  of  dvl 
then;  mid.  what  will  in  future   tiuiee  nppear  inrri'dihli-     '         < 
»rrence  for  the  act,  and  they— rerwivn  u !     ^imngf.  tlir. 
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tlut  bcMcted  rapcriority  oT  tlie  ago  und  the  bomgn  spirit  utd  prccepta  of 
religion — tlic  proffMttm  of  war — the  most  prolific  flourc«  of  human  misery 
uid  crirae.  i»  Atill  deemed  honorablu ;  itnd  men  under  whoM-  tyraany  ns- 
dons  Mud  provinces  groan,  «nd  by  whom  human  life  is  extinguiihed  not 
only  witboat  reraoroe  but  with  inilitTert^Ticc,  «re  pennitted  to  take  preoi;- 
||duce  in  moral  *ocii:'iy.  Cr«r<«a  wa*  cerwiinly  corroci  when  he  iTitimoted 
^^Bwar*  would  nover  ca«m>  till  m«n  >>ecame  convinced  of  the  folly  and 
IHlKedneM  of  allowing  diemnelves  to  be  driven  us  flnidifnt  like  «boep  to 
llie  daugfater,  or  like  wnlven  to  derour  earh  other — hut  a^i  he  expressed 
it,  not  tlTl  men  become  iien<iible  that  genarslft  are  only  ou  driren. 

As  Greek  fire  preoMled  gunpowder  in  Rurope,  aa  nnmpfi  or  the  'spout- 
ing engine**  for  pmjerting  ii  may  be  conaidered  the  Ibreninners  of  guiu: 
il  IS  even  powihle  that  the  first  idea  of  the  latter  (dunpttmnfr  they  were  not 
intrndiir.ed  from  the  ea^it)  might  have  Iteen  derived  trora  wirlentul  explo- 
aioni  of  the  liquid  in  the  pump  cylindern,  when  the  piBlooB  wntild  of  course 
be  driven  out  of  tliem  like  IxUls  out  of  cannon.  But  bii  thix  as  it  may, 
enough  has  been  adduced  in  ahow  that  ihn  forcing  pump  and  it*  modifica- 
tion:! have  cxnrted  no  small  degree  of  tnfiuenco  in  ancient  wars  and  eaa- 
scqucnlly  in  the  affairs  of  the  old  world. 

AllJioagh  the  polic<;  and  other  arranj^L-mentii  for  the  ocCnid  suppn^K.'non 
oTfirea  in  ancient  Hume  are  not  wl'II  nAcerlainud,  Home  iritLTL- sting  partieu- 
tns  are  ktiown.     A  body  a( ^firrrnett,  uarned  matricularii,  wtia  csmblished 
wliaaa  datv  it  wa^  to  uxdugulsh  tlie  Hames.    Similar  compunius  were  alao 
otgmntsod  in  provincial  cilicR.     This  appeom  fn>m  Trajan'x  reply  to  Pliny 
mpeeting  the  formulion  of  one  in  Niconiodia,  uid  Irow  which  we   learn 
tliit  Lhes49  ancient  fireraou  frequently  created  disiurbunceit  bv  their  diesen- 
tiotti  and  tuinulu.     Pliny  (the  younger)  was  governor  of  Bithyiiia  ;  after 
Jiving  the  emperor  an  account  of  a  fire  in  Nicomedia,  a  town  in  his  pro* 
vinee,  he  continues,  "  Vou  will  conidder,  sir,  whether  it  may  not  be  ad- 
Tisable  to  form  a  company  of  firemen,  consisdng  only  of  one  hundred  and 
fifty  membem.     t  will  take  care  nntte  but  those  of  thai  buxini-.iM  shall  be 
admitted  into  it ;  and  that   the   privileges  granted  them  shall  not   be  ex* 
landed  to  imy  other   purpose.     As  this  corpomio  body  u-ill  !«*  restricted 
to  ao  small  a  numlier  ot   members,  it  will   be   easy  to   keen  tliera  ander 
proper  regulsiJons."      In  answer  the   emperor  sent  the  foUowinj^  letter  : 
**  Tkajan  to  Pi.tWT. — You  arc  of  opinion  it  would  he  proper  to  establish 
company  of  firemen  in  Nicomedia,  agreeably  to  what  has  boon  prac- 
tiocd  in  iCTeral  other  citina.  But  it  is  to  be  remembered  that  societies  of  this 
■orT  have  greatly  disturbed  the  peace  of  the  provinne  in  general,  and  of 
&oae  cities  in  particular.     Wliatever  name  we  give  them,  and  for  what- 
ever purpose  iney  rotiy  be  instituted,  they  will  not  fail  Fo  form  themselves 
mto  focuous  assemblies,  however  short  their  meetings  may  be.     It  will 
fliemfore  be  safer  to  provide  such  machines  as  arc  of  service  in  exrin- 
^liflhing  fires,  enjoining  the  owi>«r«  of  housc«  to  assist  in  preventing  the 
taischieffrom  spreiiding.  and,  if  il  shottld  be  necessary,  to  call  in  the  aid 
of  the  populace."     Pliny's  T^etlers.  B.  x.  Ep.  42  and  43.     Mclmoth's 
^nuislntion. 

The  direcDon  to  procure  "  machines  as  are  of  service  in  extinguishing 
Kres"  was  in  consequence  of  Nieiiniedia  being  destitute  of  them — an  un- 
fortnnale  cirrumstance  for  the  inhabitants,  hnl  one  that  ift  hardly  now  re- 
pvtled  by  thoEn  who  are  in  search  of  informntion  respecrini^  fire-engine* 
^nuiog  the  ancients  ;  since  it  leil  Pliny  to  mention  them,  and  thereby  oi^ 
'  lis  a  proof  of  their  erapiovmeni  by  the  Romans.  "  While  I  was  mak- 
t  progress  [he  irritHs  to  TraiiinJ  in  a  different  part  (rf  tiift  ipTOvWe,  % 
'ti«»truc6re  Hrv   broke  out   in   Nicomedia,  whtch  trnX.  on\ij  coTMM.mfiA 
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cewral  private  bmtwa,  but  xlsu  iw«  (Niblic  !niil '  ;'     '     ■  i    ' 

llx*  [emjile  of  Idi*,  thoii|;ti  Jhny  hIikkI  oti  1:1)11^  i 
ucca*ti)0  i>r  ila  Hpri'mliii^  limit  wiili;  us«  (Mrtl^  >>iiiii<j;  im   ti 
Uiv  wind,  and  parll^  U>  ih**  iiicltilfiH^.'  urthc  {>•;>•)>]•■,  wlii>,  il  >i 
fixed  and  t>Jli*  o|wc(atiirs  uf  iJim  (••mhlo  ciUamitj.     Tlw  tnitb  in, 
was   tiol   furiiifiiw;d  witli  pitluT  nu;imrM,  ItuckeU,  or   luty  fiiiifjU*  ip.- - 
proper  Ui  i'xniitj^iicli  firvii ;   wliicli  I  linvtj  imw  hdu-f  vur  i;ivvii   lii' 
W  iio  pP)vi(iL**l."     Il   iiiu   Im.-wii  yiMii'mUy  irnsfniifd   |u}>M>rv(!»  M- 
tltftt  the  tinciviiU  liml  iiot  Uiv  art  oT  ntiitiiig  wati^r  by  (.■■■gint.'S,  but  1  ' 
•Bgo   sui'iti*  u>  fiivoT   tbw    routrarv  wpJimm.     Tii>*  wurtl   in   the   ■' 
[A>r  m^'iAc]  ii(  fiphti,  wliirb  lln«vi^"i»*  nxpltuim    nutruutrmttim  ati 
dta  a^nat   adfersHM   iiuTmiui—»a  ii»lruni4;iit   to  tbniu'  up  wni(.-i 
firoB,     But  thui-H  in  It  piuiiage  in  SeiiKca  whic^  occms  tn  pni  clif 
b«yi>nd  conjecture,  though  noDC  of  the  criticaupou  ilitK  pUu-'  '  - 
niHic*  of  >t-     Sol«u]uii  [»xy»   he)  du«bu«  nuinSbu*  inter  >e  j  . 
concipve  el  compreHMi  ulriwpie  palina  iii  mtxluin  ajphuni*  r&|>'-iT  : 
N.  it,  16.  where  we  plainly  »ee  tin;  u^e  of  this  sipho  uw  u>  i) 
wiUur.     lu  ihv  FreiM-'ti  tratmlnlioii  of  De  Sucy,  (Paria  1509.)  ihr  wn 
reodered  fvmj»  : — "  U'liilleurn,  il  n'y  a  dans  lu  vilV,  ni  jH>mi)tt  ui 
publicSi  cnfia  nul  autre  des  instnimeiis  necessaires  puur  L-ii'indn-  W 
bnuvmetu."    And  Vro^tnaoj  Ijeckman  r|Ui>tes  imth  I^tesyrlnufr  and  Uii 
U>  nrovo  that  "  a  fire-engiii«r,  prwperly  so  called,  woa  undurtUKHJ  in  Utc 
ana   111  die  7lii  cvniurie»  by  liie  term  n/'ko,"  and  ue  ni.iy  ndt)  ^hftt 
cola  in  the  IBtli  century  desi^ated  syritigea  for  exting>:  » 

Min<>  tenn.     ili;ri>n'»  engine  is  also  iiained  a  aiphon,     S'  < 

Pruin  All  expression   in  the  letter  of  Pliny  juat  (juoted,  we  luam  t1 
men  were  re^larly  brought  up  To  the  an  of  exiinguisliing  firex,  iIk-  "i^ 
as  to  any  odier  professioDi     Of  ike  company  tliat  he  proposed  1 
liAh,  he  remerks,  "  1  will  take  care  that  none  but  thoee  of  Uiat  t.*.-'-- 
sball  he  admitted   itito  it,"     The   buildings  in  attciem  Home  w«tt  vfO 
hi(fh,  (he  upper  stories  were   mostly  of  wood,  and  the  streets  ami  lu<^ 
wero  oxireniely   nariow,  hence   iho  supprvMion  of  oonQa^ratiunH  ibcf* 
mtut  have  boen  an  arduous  business,  and  oiiu  thut   re(|uired  t  ■  <       —^ 

intrvpidity  and   skill ;  (jiialificalions  that  tuuld  cnlv  be  obtai' 
rience.     Bwsides  en{j[iiie»  for  ihrowing  water,  Uiv  firt-men  used 
mops  fixed   to   lh«?  end  of  lorif;   i>iil<'s,  Miid  tbey  had  g-nipples 
instrumeiiM  by  inean*  of  whn-b   they  could   ^"  from  one  wall  10 
(Encyc.  Auiiq.)     Of  tlie   ^vsit  vieration  of  the   houses  sererml  Ront"' 
writon  spoak.     Suaevu  attributed  the  difficulty  of  esdngaiabtn^  firai 
this  cmtise.     Juvanal  mcntiuns 

RonGi  thai  make  ann  (iddy  to  took  down.    Sol  \i. 

When  the  city  wns  rebuilt  after  the   great  conflagntJon,  (sapi; 
have  been  induced  by  Nero,)  the  height  of  the  houses  was  fbtoo  at  ol: 
•eventr  feet.    These  were  raised  to  n  certain  height  without  wood,  b«il 
archecf  with  scone,  and   part^'  walla  were  not   allovrcd.     Thai  fires 
constantly   ttrcnrring  in   old  Rome   is  well   known,     Juvenal  rvpai 
mentions  the  fiict :     Thus  in  his  third  satire:— 

KAine,  where  Dae  twan  the  arHasting  eminil 
Orbesnw  sihI  n{\r.ta  diundMriDg  In  Iha  ground, 
Anid  aUvBM  b;  d>y  nud  l«nn  bj  night 

Bui  to !  (lis  fl«in««  \a'am  taoder  laiuuian  dmrn  I 
The  dirr  diaiuter  cHiow  niroLi^h  Eh*  town ; 
Men  \ooV  m  i/fui  folrnm  niiivral  clad. 
Naw,  now  inili)«d  ihutn  mfWi  ^ros  ar*  nd. 


And  agvn: 
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Their  freqaeDcy  induced  Augustiu  to  iiisuiuto  u  body  of  watchmea  to 
euard  against  them,  and,  t>o»i  uie  folluwing  liiici  uf  JuvodsI,  il  appeara 
tau.  wealthy  pairiciana  bad  scrvanU  u>  waich  Uieir  hom<^  during;  ibe  tugbi: 

With  barluta  rau^d  the  n*Ay  ftcrvauu  *UuiJ. 
AlvTt  at  mi/taiglu  by  llwir  lords'  comiiuuul.      5a(.  lir. 

As  ever;  calamity  that  bc^Is  nmnkind  is  cnnvpnivi  by  some  men  to 
iheir  own  advantage,  so  the  niimrrous  fiivs  in  Knmc  led  to  the  detoBiahle 
practici?  of  speculating  oti  the  distressea  they  occafiioDcd.  Thus  Crassus, 
the  coiuul,  who,  from  hia  opulence  wus  suniaincd  iJic  Kic/t,  gleaned  his 
immciiGo  wealth,  accivrdiiig  to  Fluurch  *'  from  war  ind  Jrum  Jtrea  i  he 
taade  il  a  part  of  hU  bumitcstt  to  buy  houses  that  were  on  tiro,  and  others 
that  jmned  upon  tbum,  which  he  cnmtnonly  got  at  a  low  jirico  on  account 
of  the  fear  and  dtittrcM  uf  the  owners  itbout  the  event."  But  the  avarice 
of  Cntfisiiii.  as  is  tlie  ease  witli  thousands  of  otfaur  men,  led  tu  bis  niin. 
With  the  hope  of  enlarging  hia  poMe«sioQS,  ho  selecird  iho  provtncu  of 
Syria  for  hti  government,  or  nuher  for  his  extortion,  liecause  ii  ttecnwd  to 
promise  him  an  iueabaujttible  source  of  we'Uth :  but  by  a  retributive  Provi- 
dence hit  anoy  was  orerthruwn  by  the  Parthituiti,  wfiom  he  aiLompted  to 
labdue.  and  who  cut  oB*bis  head,  and  in  reference  to  1ii«  pauiou  for  gold 
fiued  a  (|uauiiiy  of  thai  metal  aud  poured  it  down  hiit  throuL 

Amon|;  other  precauuons  for  preventing  fireu  from  dpreadin^  that  were 
ulopted  in  Rome  on  rebuilding  the  ciiy.  was  one  ret]uiriii^  every  citixeu 
lo  keep  in  his  bouse  "  hi  maciune  for  extinguishing  fire."    \^'^hat  these  ma- 
chines were  is  not  quite  cLTlain,  whether  buckets,  mopa,  hooks,  syringes 
or  portable  pumps.     That  Uiey  were  the   last  is  supposed  to  be  proved 
fay  a  passage  in  ilie  writingn  of  Ulpian.  a  rpjebnited  lawyer  and  Becretary 
to  the  Einperor  Alexander  Severiis,  wherein   he  enutncnite^  the  things 
tliat  lH!lon<rBd  to  a  house  when  it  wan  snld,  such  as  wc  najne  fixtures, 
Uid  among  I  hem   he  mentions  sipiionkh  rmpiotfeil  in  fxtimgKuhing  Jir^. 
Beckman  thinks  the  leaden  pipes  which  conveyed  water  into  the  houses 
for  domeBiic  purposes  miffhi  be  inuiiiHed  ;  but  they  would  hiirdly  have 
beeo  designated  as  almve,  merely  because   tlie  wnier  conveyed   through 
klliem  was  occasionally  used  la  put  out  lires.  This  was  not  their  cbief  use. 
vnt  an   tucidcntal  one.     Tbal   Uiey  were  pumjiii  nr  renl    lire-<>ngines  was 
Uie    opinion   of  Alexander   ab  Alexandra,  a  learned   lawyer  of  the    15ch 
century  ;  an  opimon  not  only  rendcTiiil   pmliable  by  die  lertna  used  and 
the  ueccesity  of  each  iranlL-ments  for  tlie   eecurhy  of  the  upper  stories, 
fvhiob  ni*itbcr  public  engines  nur  streams  from  the  a()ueducts  could  reach. 
\nix.  also  from  the  apparent  fact,  that  ayriui^es  or   portulilc  punips  have  al- 
^vay*  been   kept  (in  a  greuter  or  Ics6  extent)  in  dv^'eliing^  friiii   Kotnan 
doles.     And  a  eutKeietit  reason  why  dtuy  should   generally  be   sold  with 
tlie  bottsc*,  might  lie  fuund  in  thinr  dimension?  being  n^gulated  according 
Co  those  of  die  buildin{;s  for  which  llicy  wen;  designed. 

The  population  of  Rume  wiis  «o  great  thiit  tlio  area  of  cbu  city  could 
not  fumitn  sties  sutficiout  for  the  houses ;  and  hence  (as  VitniviuH  has  ob- 
•ervcd,  B.  ii,  cap.  8)  the  height  of  the  wnlls  wa«  increased  in  order  lo 
multiply  the  number  of  stones — '  for  want  of  room  on  the  canh  the  build- 
tngs  were  extended  towards  the  heavens.'  Portable  fire-engines  M-ere 
therefore  particularly  requisite,  in  order  promptly  to  extinguish  iin-s  on 
their  first  appearance,  whether  in  the  upper  or  lower  floor*.  In  tlie  latter 
case,  when  this  was  not  done,  the  people  in  the  higher  stories  would  be 
cot  off  from  relief  and  the  means  of  escape.  Were  some  of  our  six  and 
ucvan  story  buildings  in  tiie  narrow  Mreels,  densely  tilled  with  LuinuL 
hfiog*.  aiiJa  raging  Hre  tuddtnly  to   burst  uul  on  Uic  grouted.  &Qor«,^ 
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probaljility  ia  thmi  many  lives  would  be  lo»t,  nnttTitli<lan(tlii{{  tlio  pni 
aatahnr  of  our  uiililic  «*nffinc»,  mniX  iums  uid  iaiUlnr  roin[itiiiiea.  Jtivtrw 
uitimitt«ji  tht!  aiatrv^md  situHtiun  "f  tiiu»e  (IwvUitig  «LNive  umIwi  «uc!i 
circutnctjuicnt. 

Hart .'  when  Uenl^on  tor  w-«i«reriM 

^ut»  oit  hiH  <^llnuek  Iroin  the  iieni  lli^a, 

l)«BM  •loolio  i>  buraliM^  Tram  ifit  jbnH  Wow,     Sat.  ill 

Howcvi-r  piTfrcl  or  iitipi-rferL  h^viimitlic  and  bvdru- pncunuuie  erLpKtt 

in  auciunt  A  li' xaiidriu  uiid  Runiu  amy  liavu  bitvii,  it  in  certain  dbai  tlinr 

machiuvH  and   llw  urls   r4^>lated   tu  tiiem  expfhcucird  thu  withrrinp  inHii- 

eocQ  oftlitki  njural  und  niL'ULal  dcM>Ution  wliic^i  ra^d  tlirouglitiiil  Europe 

durins  thv  dark   ugva.     The  di*cliuo   of  lisarniii^  was  nuciraaaril^  acMOi- 

ponitid  with  a  currespundiug  deca^  in  all  Uiu  ua<?lul  and  (rnuuneotal  nru : 

■ORW  uf  these  have  diiuippcarcd  aJloet^liwr,  uitd  liave  uuver  \ivva  ^rL■a1e^ 

ed,  so  that  diu  atuiunieiiu  of  tlie  ruicieiiu  in  thi-m  \m\u  pur'aiu-A.  Bui  iW 

toonnuclioD  bbtwven  liicmiuiro  aiid  ihu  artx  wim  ua  aupareiii  in  dieir  mio- 

[ntiun  as  iu  tbvir  declfinsiou — ifthcv  depart^  togctnur  ihvy  also  rttumtd 

Ian  company.     The  revival  of  learning  not  ouly  ied  ui  ihu  inirDduclion of 

jpfinung  and  (he  inveittion  of  ihe  preM,  bui  it  famithed,  in  the  muliiplior 

[Qun  of  aiicibRL  numuKripu,  then  extant,  tnuaediaii!  cmpluyniuut  fur  uoih; 

'  dthough  it  may  be  iuppoiied  tJiat  tJteru  can  Im>  little  or  no  rebiiiiin  be- 

reen  Oreek  or  l^atin  maiiuscnpu  and  modern  fire-engince.  yet  ihnt 

"y  is  ati  intimate  oiiu,  fur  it  ii>  all  but  ueruiii  that  tlue  Hriii  idra  of  thai 

nines  as  now  made,  was  derived  from  Heron's  Spintalia ;  jtiat  ai  tb* 

[application  of  double  oiid  treble  forcing  piunps  in  modem  waiei^vorkii 

was  from  V'itruvius'  ireniijie  un  architecture.     The  printing  prva«,  ihcr*- 

foru,  nut  only  opened  the  iiiorary  treasure))  of  tlie  ancienu  lo  the  wvM 

at  large,  which  hod  previously  bran  confined   to  a  few,  but  at  the  MIDI 

diDC  it  m&do  US  acquaintod  with  some  of  their  machini-ry  and  lltetr  snk 

that  had  long  been  forgottirn  or  lost  ^ight  of. 

Fire-engines  wore  nearly  or  altogether  forgotten  in  the  tniddW  uv>  ' 
JitaUe  syringes  seem  to  have  been  the  only  eontrivaneps,  cxL-«nt  bueael^* 
T  throwing  water  on  firea,  and  from  their  ineffiriency  and  other  catis^^' 
their  croplovmenl  was  very  limited.     The  general  ignornnee  whirh  dw?"^ 
pervadoa  Kuropc  not  only  prevented  llic  establishment  of  mnnuilncturif^^ 
rof  better  instruments;  but  the  sn|>entitimiB  of  the  times  aclunlly  dtieourwui^^ 
their  use.     There  is  not  a  more  singular  fact  (and  it  is  an  ineontnivcndil^' 
one)  in  the  history  of  the  human  mind,  iliaii  thai  ilie  religious  doetritM^^ 
and  opinions   of  a  large  portion  of  mankind   should  have   in   every  ag^^ 
produced  the  most  deplorable  results  with  regard  to  conAagrationa.     TTJei^ 
Paroees,  Qhebres,  ftc  of  Ama,  and  other  religious  sects,  which  Itave  sub-*" 
•isted  from  the   remotest  ages,  never  willingly  throw  water  upon  firo    -— ' 
diey  consider  it  criminal  lo  quench  it,  no  miUter  how  disastrous  the  rrfulrf* 
may  be :  they  had  rather  perish  in  it  than  thus  extinguish  the  embtem  of  ihe^ 
Deity  they  worship.     "  They  would  sooner  be  persuaded  to  pour  on  tiyl 
to  incre«)te,  tliiin  water  to  aMUage  the  flame."*     Among  such  people  fii*> 
engines  of  course  were  never  used.     Another  and  a  largipr   part  of  lh» 
human  race  though   they  entertiun   no  such   reverence  for  nre,  are  so 
fitr  influenced  by  the  pemitioua  doctrine  of  Fatalum.  as  to  make  little  et 
no  effort*  lo  suppress  it.     They  look  upon  fires  as  the  act  of  God  •  4eCrr> 
mined  by  him  !  nnd  therefore  conelude  it  uselesf  lo  Hrntend  with  hinu  in 
attempting  to  extinguish  thone  which  He  has  kindled  I      Hence  the  pKt- 
▼erbial  iiimtfcrenee  nf  Mahumtnedana  in  the  midst  of  eanDagruioiis.   What 
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farccN  ha*  wui]  af  Suj-mL  in  parltr.ular.  U  »pplic«bl«>  to  e*er<r  ci^  of  Asia 
■1  of  ibe  Butt.  "  Miui^~  hon  lLiuildiiie>  have  \men  desU-o^eJ  hy  liro, 
'IimUi,  fttfconling  lo  0»s  Miihommviiaii  JocLriiw  ol*  prcxttfaiiiiiition,  it  [»  ui 
liii  tu  M'ltlwliiiid,"  Of  iht-  Cliiiifse,  by  far  iii«  slirewiii'si  of  Aaiatica,  Mr. 
(avis  ri-riurk*.  "  Thf  t'oolisb  notion  of  fatalism  whirb  prevails  muong  tbe 
troplti.  uinkea  tlu'oi  euieularly  careless  as  rc^rds  tire  ;  and  the  fivt|ueiiL 
xwrreDce  of  ticuiduuts,  uim  do  vffL'ct  upun  tbuoi.  alUiougb  die  fearful  can- 
tsimtioii  of  \S'i'i,  wpDl  far  0>  Ufsiroy  Uic  wlioie  ciiy,"  (Caiiioii.) 
Tbe  taist-'Fable  delusions  wrbiub  ucclusiasdcs  «*slabltshcd  iu  Eurtipe  dunng 
le  middle  ages  were  tjuii'.'  m  nrvposUTouB,  «nd  vcjually  effecUve  in  par- 
ixing  the  energies  of  tin*  pvoplv,  ll  is  dilBcult  tu  ivfleci  un  iheui  witaout 
letinif  emotioua  of  woudur  as  well  »«  p«t.y,  1  tiw  wretched  t;oiidition  uf 
u-  race  wbea  void  of  knowl«dg»! ;  snd  of  gratitude,  that  in  our  times  the 
lackles  of  ignorance  and  superstiliun  are  rajiidly  rusting  ewav.  It  n«s 
eomioaa  belief  thut  fires  (and  v«nuu«  other  caUiniinve)  were  induced  by 
icked  spiriui,  and  thai  tW  bo»l  mode  tif  removing  ibe  evils  was  by  driv- 
1^  ihi?  author^  of  tbi:ta  away  I  Thcev  iutangiblo  workers  of  imscbiet; 
}■  ■to  tlie  demunolu^HKi  of  Uw  timtis,  coiwiautl  uC  tiumcruna  classes, 

I  'mn  of  eacli  were  cuoBncd  lu  curtojn  t.-luniuiiis.     It  waa  thoaa 

v^  itnl  ID  the  uir  that  were  tbu  (froatou  iaooiuiiahes.     "  AeriaU 

ij  divelU,  are  »ucb  us  keep  i|uaner  otoet  part  iu  the  aire  [they] 

luse  tuuiiy  tompvsii;,  ihuuder  and  Ugbtniu^,  leare  uakL-fl,^/-e  sUnfUi, 
msa."  ice.  (Sec  Burivn'»  Anatomy  uf  Melaiicliolj.^  Whuii  a  hou»e, 
ert>r<:>re.  won  ua  Gre,  the  priciU,  iiutead  of  HlJoaulaUDg  by  their  exsm- 
s  tite  bysiaudcrs  to  exert  iliemselvus  tii  obtaining  water,  Stc.  bad  re- 
arse  to  the  images  and  proujnded  relics  of  soinu,  which  they  brought 
It  of  the  churches,  in  urdar  to  exert  their  itifiuenco  in  stopping  the  pro* 
Ktm  of  the  Hametf,  and  expelling  the  inmibl<>  tuilhors  of  them.  The  pall, 
sacred  coverine  of  the  altar,  waa  aUo  fnH]uently  carried  in  procetnon, 
contribute  to  Uic  overthrow  of  tlie  Send*.  But  when  a  chvircb  Raslf 
>k  fire,  (such  was  the  ignorance  uf  the  times.)  the  people  then  boariily 
i^ph<<tDf.'d  tlio  Mtot  to  whom  it  was  dcdicau.-d,  for  tiut  tiniveniing  tlm 
■|uier;  (Encyc.  ADti<].)  like  Sylla  abu«iog  the  image  of  Apollo  when 
^^n«  dojiiaicd  iu  bstile. 

Rlipr  cunous  but  popuhir  subsututes  for  water  and  ftre-en^ncs,  wore 

urcb  /M/sj  ihcMwen:  consecrated  v.-itliimpusijigcRremooies.  Thuywer* 

ishrd  intddeand  out  with  holy  water — ^perlumea  with  cen»ers — anointed 

tji    sarred  oil — named  and  itigiied  willi   tlie  cross,  that  devils  (my*  the 

ual)  "  hearing  this  bfill   may  tremble  and  flee  front   the   baiincr  >if  the 

>••  designed  upon  it."   Besi^Ies  airiking  demons  with  horror  unci  driving 

sm  from  the  vifinity,  these  bells   had  the  wonJi'rful  power  of  aituying 

>rniB,   trmp<^Kl4.   thunder  and  lighttiing,  ar.d   extinguiohing  Hresj    and 

tno  of  them  ha<!  the  rare  gift  of  ringing  on  important  occsiiioiui  of  tlifir 

iro  accord.'     M.  Arago,  in  a  paper  on  fhumlerand  Lif^htning.  innuin^s 

mong  other  nlledged   means  of  dissipating  thunder  clouds)  inin  ihlii  old 

D       '  -! -.-in  of  "  Rin^ng  of  Bells;"  and  he  cites  spectmena  of  prayera, 

I  .i   up,  on   thf^ir  consecration,  according  to  the  Paris  Ritual,  "  O 

b-riial  i-fod  I  grant  tfa£il  tho  s<jun{l  of  this  Bell  may  put  to  Hight  th<<  fire 

B-okrs  of  the  t*nomy  of  man,  tlie  ihundrr  bolt,  the  rapid  fall  of  Atones,  as 

t  !  disa^irr*  and  tempesw."  In  the  "Golden  [.egend"  of  Wynkra 

I,  .  .  the  old  Eni^Iish  printer,  it  ia  said  "  tho  evil  spiryt^-it  that  ben 

iim:  region  of  th'  ayre,  doubte  mochewhon  Aey  here  the  ^lles  ringen: 
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•nd  lliit  u  die  cautte  why  (lie  Belles  ringeo  whan  it  tLtnulrctb,  ud  Mtuh 
ervtu  UMii|>eaLe  viid  ragen  of  wcilicr  liap|icn,  to  the  end  thai  the  fpnuU  oj 
-wvckt»J  Hpiryies  should  ben  abubcd  uid  flee,  fttid  teaae  <^  the  movynf^ 
ol  lemjwsle."*  The  following  Ibo*  to  the  «anie  effect,  are  from  Bwmiij 
QoogM,  at)  old  Bntitih  poet : 

irihni  the  ihand«r  chaunce  to  rora, 

Atid  «t(>rmi«  lempMlM  abikc. 
«*■*«■ 
Tbv  cUrlui  dolli  all  tilt  bcll«*  rartbwitb 

Al  onca  iu  aleoplB  rii^  : 

Willi  wointrt)Ti»  «(tUDil  nnil  ttfl»p«r  fam 

Tlmulii.'  «iu  woni  before, 
Ti)l  in  th«  ioftm  hcavciu  danu, 
*      The  iJiundnr  hnty  na  moris 

FriT  IU  tUi-ar  cbrillltrH  brllH  itlCy  ihJIllM 

[IotIi  Iio  audi  powrv  and  miglil 
Am  a.lt\*  u  tlie  Ii!iii]>i->If  f^eal. 

And  nlonnii  la  Taiii|uu>h  (|uigliL 

The  applicatinn  nf  h<>1Is  to  the  purposei  of  fire-engines  is  alao  mentioati 
bv  Peifir  Martvr.  in  his  "  Common  Pl»f*8,"  «  work  dcdirated  »  Qbh« 
Klixaheth.  BiQck  Intrer,  15S3.  Speaking  of  things  conaecnUed  l^fa- 
pistB  in  eomrann  with  the  ancient  lieaihen,  he  says  of  hefU — "  thsjr  bi 
washed,  they  be  annoinTcd.  tliey  he  conjured,  they  tire  named  and  baaoU 
with  liir  greater  pomp  nnrj  amliilion,  than  men  are  when  they  are  btp- 
tixed,  and  more  is  anribiilej  to  Them  than  to  the  prayers  of  godly  wt. 
For  they  say,  tha.1  by  the  ringin}^  of  them — thp  wicVcn  spirits,  the  nod  i^ 
ttdversanpB.  tiie  laying  await  of  cncniieii,  tcmpofiles.  bayle,  dtormes,  wbit)- 
windes,  violtni  blasles  and  hunfiiU  thiiiidcrcliipB,  am  driven  away.  rtiHO 
and  riHLM  arr  rxtin^uisAai,  and  finaWy  v/hatiever  ciav  aoevfr!"  Pirti», 
cap.  9,  p.  125. 

There  'la  no  small  ringing  ofhelU  in  this  city  (New*  York)  durinj;  Ins: 
i)Ut  llieir  unaided  effecta  on  the  devouring  elcraent,  ere  other  meaailisn 
arrived,  haa,  we  believe,  been  but  small.     Few  have,  however,  beea  Ciw 
seoreted  ;  bat  as  from  one  to  two  biindre<)  Spaiiisb  belU  have  r«ceiUlT     I 
been  sold  hero,  (having  been  taken  from  the  convenia  in  eonaequene*  •■ 
the  civil  wacM'bicb  baa  so  lougra^ed  in  Oial  oountrv.)  tiU  virtue  of  »£»*■ 
bells  may  soon  be  tested.     Certainly,  if  they  can  do  a  moiety  of  the  C^h 
things  mentioned  above,  they  were  worth  niucb  more  than  forty  cents  }^H 
lb.  Ino  average  price  at  which  they  were  sold. 

We  have  had  recourse  in  a  few  instances  to  heraldry,  or  rather  to  tl" 
emblems  or  pergonal  devices  of  ancient  familio%  for  information  re«pecri»*8 
machines,  ftomtr  of  which  arc  no  lon^r  in  use;  as  the  eoliinle,  and  tJ^^ 
atmospheric  sprinkling  pot :  sec  pages  S61  and  396.  Besiaes  ihoM  H*^ 
syringe  and  the  bi'Ilows  have  alao  been  adopted  on  such  occa«ions!  and  ^ 
tnay  be  here  observed  that  the  device  of  Gateaz,  doke  of  Milan,  the  »emi»* 
of  the  name,  wsi  a  brand  burning  and  two  fire  biicketa.'  This,  alihnui^h  v^ 
proof  that  machine*  of  the  pump  kind  were  not  in  une  to  cxiingULflh  fir^* 
in  Italy  during  the  16th  century,  is  an  indication  thai  noivc  were  employe^ 
at  the  time  wnrn  the  device  was  adopted. 

The  oldest  sketch  of  a  cf>mpleie  set  of  af^wratas  for  exTingiiiahmg 
that  we  have  seen,  is  in  a  cut  represcniing  the  interior  of  a  labn 
amelnng  furnace,  in  the  He  Re  Metallica  of  Agricola.  page  308. 
implemenrs  are,  a  syringe,  a  tledge  hammer,  two  fire  hooKa  and  thre^' 
leathern  bncki*t«  :  conveniently  arranged  ftgainni  a  wall.  See  the  annexed 
illustration.     These  figures  seem  to  have  escaped  the  notice  of  Beekmav 
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«ru)  fliit>Mfr|u«>nr  xutbora,  tmw  u  chu  surpriMnrnnee  tliey  form  a  vn-y  small 
■nil  nh^ciire  pan  of  the  original  cn^tvrm^.  vie  nndrpcl  the  Inner  iievoral 
dmea  before  ohwrving  them.     The  springe  was  made  of  hru&s  ;  it  is  da- 

signated  eip/nmntlMt  ari- 
chalceut,  vuJH»  tunt  e*t  m 
UKetuiiu.  Id  these-  Kguros 
we  behold  all  that  was 
preserred  thmui^h  the 
middle  agus  of  imciL-iit 
firemeii's  machinery  :  cbe 
en^nc  of  Hcrun  itceios  U> 
have  been  quilu  forgotten.  ^ 
Indeed  ihu  syriugu  it*elf 
wsa  not  guiitfruJIy  uiicd  iii 
Europu  ull  [<iLe>  ">r  k  wa« 
not  tdl  tiio  close  of  the 
16th  century  tliul  "hand 
Kijuirte."  u*  tliey  were 
named,  wore  iiiiroduoed 
into  Luiidun.  Previous  u> 
tJiut  time  wutchmen,  buck.- 
uts,  hui>k.s  and  ladders,  on- 
ly woru  ill  use.  Cutting 
away  with  axes  and  tJirowine  water  i'roni  buvkt'ln  are  mencioned  (obserres 
Foahroke)  by  Petro&ius  luid  Grervusu  of  Canterbury.  The  owners  of 
booM*  or  cliimneys  that  took  fire  were  lined;  and  men  were  appointed  to 
watcb  for  tires  and  give  the  alarm.  In  1472  a  night  bellman  was  om- 
plored  in  £xeier  to  alarm  the  iuliabiiuiu  in  case  of  fira,  and  in  15&8, 
ieaUKim  buckets,  ladders  and  crooks,  were  ordered  to  be  provided  for 
tbe  nme  city;  no  application  of  ilic  pump  seems  to  have  been  theo 
thoii^lit  of. 

S}Tinge«  nontinued  to  be  used  in  London  till  the  latter  part  of  the  17lh 
oentqry,  when  ihey  were  superseded  by  more  perfoet  machines.     An  ao- 
eouni  of  them  and  the  mode  of  working  them  would  make  a  mndum  fire- 
nuui  unile.     They  were  ui«tinlly  made  of  brans  and  held  from  two  to  four 
|]u«nii.     The  smaller  ones  wero  about   two  feet  and  a  half  long,  and  an 
nidi  luid  a  half  in  diameter  ;  the  bore  of  the  nnzxies  beinf;  half  an  inch. 
*^rre  nun  were  re*]uired  i.n  work  each,  wliir.h  they  lurhioved  in  this  man- 
ner; itvi),  one  on  each  sidC)  grasped  the  cyllnditr  with  one  hand  suid  the 
>"«zlo  with  the  other;  while   the   tliirfl  one  worked  the  jiision !     Those 
who  hel.i  the  instrument  plunged   the  nnr.xle  into  a  vessel  of  water,  the 
opurainr  then   drew  h;tck  the  piston  and  thuH  charged  the  cylitidcr,  atid 
y^«n  it  was  niised  by  the  bearers  and  in  the  reuuiro<l  position,  he  pushed 
lb  the  piston  and  forced,  or  rather  endinavoured  to  force,  the  contents  an 
">A  fire.     We  are  told  thiu   same  of  tliese  ayringea  are  preserved  in   one 
*"  twro  of  the   pansh  churche.^^.     It  can  excite   no  surpriwc   iliat  London 
wicmld  have  been  almost  wholly  destroyed  in  the  great  fire  of  1666.  when 
such  Were  tlie  machines  upixi  which  the  inhubitanfj  chiefly  depended  for 
P''ot«ctin5  their  propurty  and  dwellings.     If  the  diminutive  ai«e  of  these 
U'fiti-ament.i  be  considered,  the  number  of  hands  required  lo  work  each, 
boBiiJi.  others  to  carry  water  and  vessels  for  them,  the  dilliculiy  and  often 
"npos5il,iiit^.  of  approaching  BuHiinently  near  s(j  as  to   reuch  tlie  flamea 
wjiJi  tijp  jm^  ((,y   lygg  yf  p^^  gf  , [, j,  ^ fro sffl  at  tile  hegiiimu^  and  end  of 
•Wn  stroke  of  tlje  piijiojj,  and  the  irifiintj  eflert  jiroiiiuAHl — Uw  wUuVc  wX 
*Miny  them,  appvan  rather  as  a  farce,  or  tlie  gamboVs  o^  oieT^ttt-jro. 
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bo^  at  pla^',  ^Mn  thti  well  direotad  omn^gies  qf  nwp  to  •abdoa  t^ 
element. 

In  Amu  8^rnigB«  htvo  pnolmbly  bora  alwajra  in  linulfMl  ns^     TIm^] 
tlie  only  iiMtnimr-nts  of  the  pump  kind  nnw  known  dtKn>.  if  China  fcv 
ewpte^l.     Vprv  L'ffwlivc  engiiioit  on  tjjB   Buropvin  plan  ar«  nuicir  liji 
ChinfM.     {Cnin<*M<  Repos,  i-uL  jv.) 

TIm*  firwti^inr'  of  1)ih  Turk*  it  %n  LmproventuBt  oo   (he 
not  nmch  mnr»'  fflircdve,    Tlirt  utiUior  of  "  Sketchtm  of  Turk-' 
when  Bprnkin^  nf  firf«  m  CoiuHaiirinopIr.  "  Indftid,  when  >■  ■ 
■«w  thr  mai'hitii'*  ujicd  hy  ihi;  Turk,*  lo  Mi^litu^tiiah  firr",  ww  i*. 
pruwd  ai  (ho  fi'^-lili!  reaieUiii^e  M-hich  Hiey  cuuld  i>p|i«itii;  (n  llii;  jjri'_ 
dto  dt-voiirinB  *-li>meiit.     The  engines,  in  (axr.t,  are  wH  lur^rr  Ui«i 
emnloyeil  with  ys  lo  water  gnnlrna :  tliey  havr   h«t  H  unj^lc  cKn:  r 
which  is  aljuut  eighi  incliea  long  hy  threv  or  i'aui  in  diutivtcr;  tli. 
readily  carrifrd   •^Mut   hy  hand.'       Conimndoi*  Pnrier,  in    hi"   iiiii 
acri>uiii.  nf  "Cnnaiantinnple  and  iu  Bnviruus,"  gays  Uivir  6rHH>T.>Ti  i. 
like  ()ii>»e  we  ure  iii  our  g»rd«RS,  for  watering  die  brds  and  v- 
liver  about  u  much  water  aa  n  cood  large  syringe.  When  an  .i,  ... 
i«  given.  •  man  seiies  on  one  oitkeae  and  ruiw  to  the  «poi  indici"  ^ 
the  engine  on   his  shoulder,  another  brings  a  skin  of  w^ier,  ponr^  J' 
the  re»ervoir  and  ihey  jximp  away."     A  charactprintic  *nccdi*ie  ii 
tveeQoofly  related  hy  Cnmmodore  Porter.     "  They  hud  heoi-i 
ennoM  and  fire  companies  of  the  United  State*— )iow  half  a  r 
bebumi,  and  the  engines  save  the  other  half  from  liie  flaoiee.    1  r,   ■ 
not  understand   it.     Mr.   ISckford   ibrttinaiely  arrived  with    hii  U- 
ship,  haiTiig  one  of  our  engines  on  board,  requiring  some  tweotj  "■ 
ivork  it.      The  Capadan  I'achs  heitrd  of  it—'  Mash  Allnfa  I    let  ut 
exclaimed  the  old  man.     The  engine  «'as  broucht  on  shore  and 
(he  Navy  Yard ;  a  short  suction  wu  lixed  to  it  and  put  into  thr 
nis;   men  were  sot  to  work  it — tho  Navy  Yard  waa  soon   inundntrd. 
thu  Bosphorus  Iwgon   to   run   dry  I     '  Mash  Allah  !*  said  he.  *  very 
—but  it  will   rvt|uir«>  a  sen  to  supply  it  with  water.     It  M'on't  do  Ibrj 
(or  then*  is  no  sea  in  the  middle  ul  the  city.'  They  ihorsfore  have 
be«t  to  stick  to  thrir  snuirts,  and   lo   let  the  fire   ^irewi   until  tha ' 
changes,  or  it  i«  tired  of  humine;." 

Sandys,  in  the  Iwginning  of  the  17th  century,  vinited  ConataiitinOj 
and  speaks  of  the  fret|uencv  of  fires  in  ibat  city  :  he  obser^'es,  "  It  is  i 
lie  marvelled  at,  for  thu  citigtcnii  dare  not  ijucnch  the  fire  that  burnetii  i 
own  houaes,  bticaiuc  utHccrs  aru  appointed  for  thai  purpuMj:."     Hm  is" 
lent  reapecling  the  iustruments  tlien  uAud. 

When  thi^  useful  arts  began  to  excite  attention,  the  drferte  i;f  ponBl 
lyringes  were  too  apparent  to  be  neglected,  hence  m  the  earlv  pan  a(  I 
16lh  century  eeveral  allempu  vuerv  made   to   remedy  Oiein,  by  tho*eJ 
bio  spirits  who  hurst  lliruugh  tbe   prejudice  ihnt  had   so    <  < 
the  subjeeu  of  practical  mechanics  to  the  mere  makers  vi 
unwortJiy  of  a  philosopher's  purtait;  and  from  tlie  culi  -.c^ 

no  distinction,  save  sticli  as  "wus  allied  to  that  of  a  skilful  arti^tna.  opu^ 
be  derived — a  species  f>f  fame  from  which  prolvssDrsul'pliiloKi|ihy  afarun)^ 
like  Plain,  with  feeline^  ofhomir.  To  render  the  syringf^  an  cthdml  fir^ 
engine,  would  seem  to  be  impossibte,  except  by  convprtinw  it  inH-  -  '' — " 
ing  pump,  and  in  that  case  ii  would  be  nn  kniger  a  syringe.  A 
ihoreforo,  us  suefa  an  idea  did  nni  occur  lo  ettgint:>kT«,  tliev  had  no  i 
but  to  improve  tbe  "  sqnirt"  u  well  ds  they  could  :  Anil  howevi 
Ie«»  thn  task  m^y  now  «ippe«r.  ii 
(•xfrnf  areomplished,  ana  v^iih  '  1: 
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jbllowiog  %ure*  No.  14.1.     It  is  deKribed  m  Besson'a  "  Tbea- 
'  miut  i)ier<'^rc  liarc  been  invented  prerioas  to  1638.  the  daW  of 
'  }a  to  print  bid  work. 


K(i.lO.    8yn«|t*Bliri««IVawBMM«b  A.O.  UM. 

■  Projtonifion  Pe   V Auihtar : — Artiticc   autant  ainguKer  (comme  je 
m*«?)  quo   nDb  (voint  commuii.  poiirjector  I'oau  centre  un  grand  feu, 
»(^«memriit  lora  (]Tie  pour  Ia  grandeur  de  la  flanim«,  nul  ne  peut  «ntrer' 
V  iip{iri>chfir  de  In  maison  qui  bnulc.     DcclaratioM  de  la  meznu  figure  : 
!nl  invinimonr,  qui  est  faict  cq   forme  do  Cone,  ae  soustient  snr  dfiux 

}£» :  nyani  aa  noueJie  toum^  vers  Ic  septcntrion  :  et  aupres  dc  sa 

I  il  y  a  dcs  demi  ccrclos,  qui  scrvent  4  Thatisser,  au  baisaer,  d'avaa- 

t«m  4a  dieu*  boueho  ftcptentrionalc  cfll  un  Knionnoir,  pour  y  vcrser- 

li  df^ans :  et  en  sa  base,  ou  bion  partii?  meridionals,  en  une  t-is,  dont 
«t  (Kiiuito  dtvlans  ct  reculii  un  Baaton  auqucl  sont  dcs  Bfttouppcs,  atn^i 
tn'aux  sirinpie*.     Le  re«te  anpurt." 

In  reading  tbe  above,  it  should  be  remembered  that  lettert  of  reftroict  * 
de«igrtale' ibe  dllTerent  part«  of  m&chines  were  not  then  in  gcnenJ  uao, 
t  tlie  itides  anil  ungles  of  the  pages  were  marked  with  various  poinia  of 
:  cumjiass;  and  particular  porta  pointed  nut  by  thi-ir  position  with  re* 
ml  ir>  ili>-»c,  and  by  the  intcraection  of  lines  drawn  between  them.  In 
K  Mn^ritt  several  defects  of  the  "  hand  Muini"  are  avoided  ;  as  (he  ne- 
i»ity  ot'  iiivcning  the  instrument  to  refill  it  by  plunging  the  nrnzle  into 
<  ve«ael  of  %vator,  the  small  quantity  cnnlainori   in  the  former,  and  the 

Pienrly  incessant  repetition  of  the  operation  und  interruption  of  the 
i  the  dilBniliy  of  atrecting  it  on  the  flames  with  certainty  or  preci- 
Besson,  (if  he  was  thr  inrenlor,)  thirefortr,  greatly  enlarged  the 
«rity  of  the  cylinder,  malting  It  sutTirtc^ni  i"  roniiun  a  barrel,  or  more ; 
I  as  n  matter  of  nerr'»«ty.  pinned  it  un  a  ijirriage.  Tn  iject  the  T«^ter 
Ebrmly,  he  movi^  the  piston  bv  a  wrmw  ;  mul  whttn  the  cylinder  was 
ptiod,  it  was  rotilled  through  tin-  funnel  hy  «"  aWmdnnl,  as  the  piston 
drawn  back  by  reveraing  th"*  miilii»n  nf  ini;  cnink.  Wht^n  recharged, 
ck  in  tliP  pipf  of  (he  funnel  wa*  clf)»ed  and  ihir  liquid  (orred 
sfora.  Aft  flexible  pipes  of  Icufhcr,  t(»-  '"  ball  and  Bi>cket"  and 
-neck"  jointjt  had  not  lieen  intrmluceil,  .ioii»>  mode  of  cAtnti^ng 
ttflhfjrt  of  thti  nnorraiMi*  syrmge  was  UHLvsiuiry.  To  i-ffect 
.  rvprc'senled  as  puspqnrled  on  pivotx,  which  rwtt  io  two  upriglit 
.  J  thtfw  ««•  sueured  (sue  figurt«)  two  semicircular  atraps  of  iron, 
oimtrc»  coincide  with  the  axia,  or  pivnu,  on  which  tiie  syringe 
V  number  of  bulw  are  ma/le  in  each,  and  are  so  arranged  as  to  h« 
oach  othsr.  A  bolt  is  paMand  through  two  of  these,  aitd  also 
'  <r  hnle,  in  a  piece  of  metal,  tltal  is  firmly  vecursd  to  the 
ii<  opt!t)  f.ni\  of  (he  cylinder;  aiid  thus  hohU  the  laUm  ia 
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any  petition  reqnireil.     Tho  iron  tnxne  »  which  the  box  or  fi-witr 

uflbs  acivw  )•  ntiHcKed,  in  mK(i<t  faal  Ui  thf  cyltniler;  Knil  \^ 

projwcling  pit'cif  oil  llw"  trnd   of  tlii*  frame   ihai   the   Iwlt   J*   j 

tbcM,-  in<>ann,  nny  ulcvntion  cnulil  Xif.  ^Vfn  U>  th(^  nonztp,  ftwl  llic 

could  Iw  ee<Turtfil  tiy  |>M>»ing  l)>e  1k>Ii   through  rhe  uJccc  jit»t   mttil 

iuhJ  thruu^^  tht^  RorrrMxtiidnig  holes  in  die  ilrapn.  Whra  tilaleral r\o 

m  UiB  jut  wiw  requirwif,  tlitt  whole  machtuo  wa»  cnovtxl  hy  «  iTi'fi  «l 

Slid  nfthi*  p"!'*,  u  m  the  R^un^     To  t]>e  fniiue,  joiuteJ  tWt  wi-rc  aT 

ed,  whirh  tv«rt!   let  <luwu  wlien  the  engine  waj   ut  work.     Tli«>  M( 

imprtficw lit  1^(1  {iiiM>  only  t«  ^veii  in  our  K^ure)  reiinnds  ua  of  a  ressuk  t)i 

Po«hr<ik*f:     "  tu  the  miiltlle  nj^*  diinnjf  Jirt-s  kTohil-d  owil  t"  ' 

in  bmx«n    ptiilit   to  iwiisl."      CotiAiiiertu^  lh«?  a^-   whm   tli'lr 

flevined  hikI  thir  oitji-cta  inlunJeil  lo  It*  ■ 

him  (he   merit   i>f  iut^piiiiily  b«  well   us  u: 

"  Ceate  iiiilile  iiiveiilioa  eat   si  aouvcnt    r*,'«jm!*.  ["mi    t.-f 

feux  ilcHijuel*  on   iie  pout    uppi-uchcr  ;  «)Uc   saiis  fiititr*  '■ 

pliu  uu  ItJHK,  *rt   pliia  uuvei1eiui>nl  explit^uev,  nfin  <i 

tonjtie."     ft  will  Iw  Mln-jtMin  to  every  pi-ucticaj  mi  • 

this  kind,  'if  large  dimeriMons,  muBl  havo.beeii  at  l*9t  but  pxrr  ad| 

rnak*>  the  piston  work  siitficietitly  accur&te  and  tight,  suU  to 

moBt  ha«fe  neen  a  work  of  no  small  ditHcullv. 

A  corn*»poiHleni,  in  »  Ule  number  of  iK»  L«n.  Me*" *"••'■'■•' 
vol.  xxJt,  has  communicated  «  vory  imperfect  figure  of  'li 
work,  extrvr-ted  from  an  Knglisb  book,  publitflit-'d   in   \:'^-h.  •lui^ 
Treutise   nnmed    LtKrARsoi-Ace.  divided  into  four  book«,  whl^' 
lire  collected  out   of  diverse    mithur*.  diverse    |jinKti4i;Lre«,   «iul' 
devised  by  CvpkmJ'   Litak,  Ocnib-tniin."     London*:    l-WO.     It 
olivioiie   that  Luivir  copied   iho  ciigitK?  in  ijiicstion   froTn 
which  WHS  published  in  li>7i*,  but  wkk  aiilharized  to  '■*' 
iind  whicli    lt<'«»oii'»  dealb  then  pn'veniod.     The  t- 

l.iiCAr's  bixik  i*  not  without  tntemM.   "'  And  herr;  «!  ! 

1    wilt  set   (wfore  your  ey«»  »  type   of  U  '  dqulrt'   wIik^Ii   liulii    Iwmt 
vumnI  to  f.niit  miirh  waii>r  upun  »  biiniiiig  liouiw,  wivhtn^  n  like  uiuirl  i 
plenty  of  wnlitr  to  be  iilvr.(rf «  in  n  rendinttHMf  wbt-rn  iirv  -may  do  hartne;  i 
this  kind  ofxijuin  may  Ih*  miule  to  linlde  an  hoggexbiHl  of  wsipr,or  if] 
will,  a  fi;rr>nter  ipiantiiy  tlit^reof,  and  may  be  ito  ularanl  on  his  fi-nme,  d>ft 
with  e)t«e  ami  a  huibI  strength,  it  luhl  tte  niimuied,  iinbajied  or  turned 
any  one  nA*"-,  ng:hi  auainat  any  lired   uuuke,  uid  nude   to  ujturt  out 
water  upon  llie  fire  tliai  i«  to  be  ouenched." 

The  (jermnns  were  pniverbiallv  iu  advance  of  the  rwi  of  Ei 
the  15lh,  I6ili  and  17tfa  centuries,  in  uintost  every  deiUTUiieiit  of  tlW' 
•'  The  excellency  of  these  people  [observes  Heyliu  in  hiit  Cn* raounil 
tieth  in  the  mcchaiiiv  part  of  learning,  as  )>eiii^  eminent  fi>r  !•■■■ 
matical  expennientH.  xfmnge  irattr-HVrlit,  medicinsl  extrariiui] 
the  art  of  p;iiiiiii|;,  und  invention*  of  like  noble  nature,  lo  tii' 
iiefit  ilian  :idiiiiration  of  llie  world."     As  osirly  as  A.  D.  lois 
of  lire-engtnee  were  ased   iu  Augitbnrg,  beiuc  nieiittoiietl  in 
accounts  of  that  city.     They  wore   named  "  inwruraenfs   IVi 
"  water  gi/rin^a  utwfid  at  hrcs."  Their  particular  constmiitJoir  i 
but  from  <•  remurk  in  the  accounts  respecting  wheeia  luid  pji 
KUppoKed  to  have   bean   placod  on   carriagea:  they  were  probiitdy  li 
•yringi'ii  mhI  mounted  like  the  one  reprewnted  lo  f'f  '"-■'  >'^^ff 

The  f>iil«ri«i  pitmp  t-njjines  ijf  modern  limes  wore  ■ ' 
many,  and  nhout  the  cUwe  of  tbo  16i]i   or  beintinint;  '  ^    i..'    ..v  -i> 
The  Kmt  one  noticed  by  Biirkman  ig  thai  u?  HauLach.  whieb  (ho  Ji 
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Sdionua  saw  tried  at  NurvmbcrR  in  1656.  In  ^ving  an  ftcnnant  of  it, 
Sdtottiu  remnrkt  that  the  rnvpiiltun  wiu;  not  fhcti  nrw,  it  brin^  known  in 
«tb«n'  cities,  and  he  himn^lf  runicnilMtrrU  having  brfh  a  small  ni»e  in  his 
xuUive  city  (Konig»bofcn)  forty  yeurs  before,  consL-quDiiily  ahoiit  1617. 
Wo  ftre  not  iaToraied  by  cither  the  prorcsMir  or  jiMiLiit  uf  Uio  pnnicutar 
eovuuroction  of  this  small  engine,  but  tliore  Lh  u  book  uxtant  thut  wus  pub- 
hcfanl  in  IG15,  which  contaiue  a  figure  untl  deiicriptioM  of  u  Gfsruian 
migiiM  of  that  nme,  and  which  furmihei  the  iufonnntion  clouircd.  Thia 
book  ii  the  "Forcible  Movemeiiu"  of  Decaue,  u  work  which,  like  the 
Th««tn9  des  Itutnunpns  nf  OessoD,  escAfied  the  notice  uf  Beckiimn.* 


[4 
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^|•.  W*.    i.rrmHi  I'iiin|i  Eafino  fion  D«eMU    A.D.  I4I!L 

This  tn.ichine  is  named  "  A  rare  and  ncce^tary  Kngin,  by  which  yoti 
may  give  crest  reSiefe  to  houses  ihai  !ire  on  fire  :"  we  give  the  whole  oT 
the-  explnnHtion  :  "This  engin  is  mtich  pratticfd  in  Grrmafi/,  and  it  hath 
l>een  vten  wliai  great  and  ready  help  it  may  bring;  for  olt-hongh  the  fire 
V»e  -10  foot  high,  the  said  engin  flhall  there  cast  its  water  i)y  hrip  of  four 
c»r  five  men  lifiing  up  wnd  putting  down  a  long  hHiidle,  in  fonn  of  u  Iovbt, 
^■fbere  ihc  handle  of  the  ptimp  is  fasTned  t  the  said  pump  in  enoily  un- 
derstood :  tliere  are  two  snckers  [valves]  wifhi?i  it,  oni'brlow  loiipeii  when 
the  handle  in  lifted  up,  and  to  shut  whf-n  il  ic  put  down ;  and  iinothnr  to 
«^pen  In  let  out  the  water :  and  Ht  the  end  nf  the  xiiid  engin  th^rf  iji  a  man 
'^vhirh  liolils  ihr  copjier  pipe,  luriiing  il  to  and  itfrain  to  tli<-  place  where 
the  fire  ahall  he."  In  other  worrU,  iIilh  wait  a  Hiu^le  forcing  pump,  Aiich 
*s    fi^ireil    at  No.  118,  and    »rrun>d    in  a  tub.      For   tht?    convenience   of 


•  or  Uemu*'  liMory  fcnrrply  any  tiiiji;;  j«  knovrii^.#Tfln  hii  imrnp  in  lofl  in  ilnnbt,  for 
he  i«  •oinetimw  iiamud  ftnak.  ai  vilico  ^fcilmuin  du  Cans.  An  aocunni  nriiia  bo«k  may 
be  Meu  in  3liMn'«  Auecilow?  ofdia  dUiain-Eniciuc,  vol.  i.  p.  ^.  Bui  ihart  wanw  to  bti 
an  error  in  tlie  nnic  civen  nf  the  Kncli.-ih  imixliitlon  bv  Leak,  which  ii  eUtsd  to  har* 
ba«n  oMul'  >n  I7U7,  wheriuiJi  tli«  opv  in  mir  pnoriKion  i^  itiiiH  nearly  (my  yumn  «ar- 
laa.  Il  i>  enlitlcd  "  N<?w  Hud  mrc  invrtilioii*  of  IVntPi-wnrku,  <lip«inH  llit  caaimt 
wii««  in  raid'  walur  liishrr  ihrn  ilia>  aiirinE  :  hy  winch  invvntiOH  iJir  peiu«niitl  uiolioo 
b  propowd.  many  hnrit  luliiiiirn  p*rl<>Tiiifld  Jtiiii  Mttii'Ur*  ot'  niotion*  nnil  Kounilt  pro- 
dnevd-  A  wuik  li'illi  iKi>riill.  girufiUiljlr  iinil  <lpliKhiftiII  for  nil  miru  flf  ppopin '.  finl 
wrin^n  ra  FrcD<'h  by  hmik  4t  Ciiw.  n  lain  rnmniiii  ('-iiBPtiiM.  niiiil  now  irauf/attd  into 
iMglub  bj"  J^a  L«ak. "    L»odaa :  [ainled  Ity  nntt  lor  Jweph  Mvtott.  VHiH. 
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tnuwpoTtation  ihp  whole  wu  plannj  on  m  cled,  uul  dniggMJ  gd  >  Ir 
ropi*a.     T))o  borv  '^f  die  forcing  P'F*^  kciiu  lo  h»re  t>iM<ii  Ninall  rmu] 
with  that  of  Uic  pump  c^UiHler,  a  circain>Daiic«  cooibittp-l  ■n'nfh  rin- 
tcver  nnd  the  niiiDber  ofnitfn  «uiplo^e<d  in  workiDtj  tbe 
btitrd  to  increiiM}  die  eli-vuttou  of  ih«  jeL     Thu   nuctu 
cjded  iraprovement  on  the  pnmitiTe  syringv,  uid  coaMtiiuire  ■  gTvu 
towards  the  modem  eD(jriDe.     Id  the  abon  ugular  toliK   :-j  ■^^hii  :i  iiif 
pipe  is  ftttnched,  we  behold   tii«   genn  of  the  more  val 

NotwiiiisiKmliiigtbe  guperiori^  tiipuxopetisinEioTer  -  - 
yoara  elapsed  before  ihny  were  gtrovnlly  adopted.     "  Thr   I 

«in'yv9  B  Briiisb  writer]  appear  lo  hare   l/^'ti  anBcc|UBititrd  v>  ^ «  f-i 

]^w  made  b;^  the  German  eogineers ;  or  lo  b«ve  biwn  very  tSv 
Kvailinc  them!«lve6  of  ibeir  discoveries,  for  M  the  clooe  of  ^^  '  '' 
Ivry  "hanj  nquirU"  were  first  introduced  in  London  fur  ' 
lires;  and  it  w;u  uot  till  the  bcginaiug  of  the  next,  iIhU  i^ 
place  them  lit  portable  and  liircer  reservoirs— when  jilatcd 
uid  worked  by  a  le*er,  the  engim-^  ibns  obtained  wem  cuitsi 
JDochuiiail  ticnieremeni ;  for  wbau  in  1633,  three  uf  them  n 
extinentsb  ■  tarj^c  tire  on  I.ondnn  bridge,  their  were  cuBetdRrr<. 
exoelTeot  ibing^,  that  nothing  tliat  wu  ever  devised  could  do  ■" 
good,  yet  none  of  tJiem  did  pm«per,  for  the/  were  nil  broken."  i 
scrvBtioii  thsi  "tutnd  ^mrts"  or  .syringes  were  placed  in  rLxr  ' 
then  worked  hy  s  lever  is  ttot  eirictly  correct:  they  were 

puniM  that  were  employed.  A  ayiinge  eutild  ooi  net  at  «ll  tl  pt.. ,      J 

fixed  in  n  vetuiel.  because  it  diflonu'ges  thu  water  ilirough  the  muam  teiBf  I 
by  which  ii  receire*i  it.  8ame  naprovemenU  wt-re  made  on  flrc-c-?^~  } 
by  Irreotonx  in  I6AC,  (Uf  mentioned  by  Evelyn :  what  thuy  weri 
known.  The  pmboliiUty  is,  that  they  rclutod  to  the  carrage  or  •ivu-  •' 
tits  engines  were  the  eaaic  that  were  advurtusd  'm  1658,  Uua  «w  thr 
cave,  for  ihev  wrre  recommended  as  "  ntom  Cnvenmble  in  lew  ruom,  wl 
mnn-  portublo  than  (brmerly  used."     Fosbruke'e  Emyc,  Ami'). 

But  the  fire-unpne  m  thus  imprarod  liad  still  man)  ttnjwM 
water  was  pnijecied  in  spurts  as  frotu  u  »yriiige;  utul  tbt;  ,, 
uaoMid  with  the  stroke  of  tlie  piston,  but  a  portion  of  the  W4U«' 
ctmseuuencr  lost  by  falling  betwiHin  the  fire  oiid  uiigitu*  al  the  tei 
of  eoen  struku.     An  obvious  mode  of  reiideriug  the  jet  conftoni  vul 
connecting  two  pumps  id  one  diBchur;giug  pipe,  (as  iu  the  figure  of  Usros'^) 
utcl  working  the  pistons  allemoiely  cither  by  a  double  lever  or  two  cnl* 
ones.     This  was  first  adopted  by  the  old  Gernuu  enginecn,  aad  vtt 
another  Hep  wus  taken  towards  perfecting  these  uoefnl  instniments.    u*- 
Btcod  of  «  circular  tub,  a  Mjnore  box  or  cisieni  was  adopted  uid  mui 
on  four  solid  wbccl$  in  place  of  a  sled  ;  and  a  strainer,  or  false  hi 
peribratcd  with  numerous  small  holes,  was  p)aa-d  wirbin  the 
prevent  grave!  or  dirt,  thrown  in  with  ibe  water,  from  entering     _ 
Such  oppeor  to  have  been  the  Imjsi  fire-engint?  in  Euglond  w' 
great  fire  in  London  occurred  in  1666.  Tbey  are  referral  m  in  rhe  o' 
account  of  the  tire,  dated  Whitebull,  September  fiiii,  of  the  name 
"this  Umcnuble  lire  in  ashort  time  bttcame  loti  hiptfi  Kp  mnrmpedlH 
emginrt,"     Bm  nothing  can  show  their  genpnil   iil 
K^t  than  the  measun^s  adopted  by  the  city  govern n 
to  guard  against  •  similar  calamiTv.   luslead  fit  n-nn  cogiMW, 

anem  lo  hove  retained  their  oonfirienro  in  the  •  ■     . 

1.   By  nn  act  of  ibe  Common  Coimcil,  the  ciiy  was   ■ 

districlii,  and  "  e-nr-h   thereof  was  to  bo  pmvideJ  with  i;., - 

ibnrn  buckets — fifty  ladders,  of  different  sixes,  firutn  twelve  1u 
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feet  In  length— /iM»  braztn  hand  tquirta  K>  each   parial*— four-and-tweotjf 
■tck«x  aletJgee— and  forty  shod  shovels. 

2.  That  each  of  th«  twelve  companios  provide  thenwelvtjs  with  an  *»• 
giM< — thirty  i)iickel« — three  laddvre— «ix  pickax  sledge* — iind  tiro  hand 
wtfutrU  :  to  be  rondy  ufion  all  occusionK.  And  the  int«;riur  companies  Kuvh 
b  nuinUrT  of  tmall  rtuftnen  uml  buckubi,  n»  ehmild  be  allotted  tiietu  by  the 
Ijoni  Muyor  and  court  uf  AlilemwiL 

3.  ThnI  tJie  Aldenitr-n  |Kj»iu-d  (Ire  oiKof  of  Shrievalty,  do  provkle  tlieir 
Keve.rii!  hdUKtni  with  four^iiiid-lweiity  Inn'keLK,  luid  one  haml  nptfrt  ettcli  ; 
knd  Uii>#«  whu  have  nut  Mirved  tlitl  uflice,  twelve  bucktilji  uid  one  hand 
squirt  each. 

4.  Aj)d  for  the  eftectiml  supplying  tfae  m^Me>'Wid  tquiris  with  water, 
pumps  were  to  be  placed  in  all  welln  ;  and  fire  plugs  in  the  several  ruain 
pipes  betongiug  to  the  New  River  and  Tbamea  Water-works,"  MaiUand. 

The  oldest  account  of  English  fire-engiues  that  we  have  ae«n  i«  in  a 
mall  old  tjuarto  in  our  poasession,  Oie  title  page  of  winch  ta  wanting. 
From  (WO  poetical  addresaea  Co  the  author,  it  appears  that  I&e  initial  let- 
ters of  his  nanK:  were  L  B.,  and  that  the  work,  waa  entitled  "  A  Treatiae 
on  Art  and  Nature,"  Two  thirds  of  it  arc  occupied  with  "  water-works," 
and  the  rest  with  "  fier-works,"  cxtcpl  four  or  five  pages  "on  voyce«,  cala, 
«f^cs  and  Hounds  ;"  i.  <■,  on  making  of  whistlea,  &ic.  for  sportsmen  to  imi- 
tate the  voices  of  ecrtam  birds  and  other  game.  The  date  of  publication 
vnus  aV>out  1634 :  this,  we  infer  from  pagv  51,  wh^^re.  sjieaking  of"  The 
engin  near- the  north  end  of  London  bndge,  [he  ohscrves]  wliich  engin  I 
eircumtpcetly  vicued  as  I  accidentally  passed  by.  immediately  niter  the 
laJr  ficr  that  w.-t»  upon  the  bridge.  Anne  1G33."  Shnps  ana  dwelling 
hoa4M  were  built  on  both  sides  of  the  bridge  at  ihnt  time, 

AlxBr  dearribing  •erera.l  modes  of  raising  water  by  sucking,  forcing  and 
chain  pumjMi,  he  continues  :^**  Having  antticiently  spoken  concnrnin^ 
ndls  anda^nginii  tor  mouirting  water  for  mcer  conveyance,  thancu  we  may 
derive  divers  Miiiirts  and  pt-tty  enginx  lo  be  drawn  upon  wheeles  from 
ptaco  to  place,  fur  to  ({ueiK^h  tier  anKitig  Iniildings  ;  lh«?  uw?  whereof  hiith 
Mpn  l<nind  very  commodious  and  prolilnbte  in  citleK  and  gn^at  townes." 
Henn*  engines  were  at  thi»  lirrn-  not  iinromnitin  !n  England.  No  less 
than  »«^v<m  are  Rgnred  by  the  author,  and  all  are  placed  )n  eisterna  or  tuba 
inonnted  on  wh^elit:  neitlier  air  ve«M'U  rinr  Iiom?  ivipeH  an-  described  or 
Inentiooed.  Five  of  thi>  engines  consist  of -liHglc  cylimlers;  of  these  some 
are  in  a  perpendicular  position,  ntherii  are  kid  horimontally,  and  one  is 
nvrrled,  and  fed  by  a  branch  pipe  covered  hya  valve.  The  lost  one  figured 
hna  two  homnntal  cyliniiers,  a  auggeation  nf  the  author's,  and  the  piston 
rotJa  are  ahown  aa  worked  alternately  by  pallets  or  arms  on  a  vertical 
ahaft,  to  which  a  reciprocating  rotary  movement  was  imparted  by  pushing 
R  liorizontal  lever  to  and  fro.  One  of  tiiesc  old  fire-engines  is  a  species 
*f  bellows  putnp,  the  construction  of  which  we  will  endeavour  lo  explain : 
Two  brass  vessels  were  comioctcd  at  their  open  ends  to  a  bag  of  lea- 
ther: they  resemble,  both  in  shape  and  size,  tM'o  men's  huts,  the  linings 
of  which  being  pulled  out  and  sewed  together  form  a  cylindricAl  bag 
botween  them.  A  cirtiular  opening,  six  or  seven  inches  tn  diameter,  was 
made  through  a  horizontal  piece  of  pknk  Rxed  in  the  cistern  of  tho  engine, 
kod  over  tliiw  npening  one  of  the  veiisels,  with  it*  crown  upwards,  was 
',  and  made  fast  by  serews  tlirough  the  rim  :  the  other  vessel  being 
iiided  from  it  by  the  bag  and  bunging  loosely  in  the  water.  Within 
wer  Teaeel  (in  tlie  centre  of  it*  bottom)  a  valve  opening  upwards  ad- 
'imttecl  the  water,  and  on  the  lop  or  crown  of  the  upper  vessel,  another 
rajve,  «/w  uyvning  upwards,  w&s  placed .    Over  the  last  vaVxe  iVie  Ww  cK 
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th«  jet  [lipo  wu  »e<iired.  To  work  thi*  machine,  the  rim  of  lb* 
vi-MC'l  wii*  ctdintfcLed  nt  oppnsile  pnmu,  by  iwo  iron  tikU  ur  aliiifcs  : 
cross  hniul,  to  the  end  of  alever,  by  wfaicli  the  l»jw«r  Vi-. 
and  (Inwri-^-compreuing  lfa«  h^g  when  raiaeil,  ond  > 
natiiraJ  Ittn^th  vrhen  Low^Ted;  like  the  lantern  lieUovirs  Nk.  li 
toW4  jmiiip  No.  106.  Tu  make  the  vewiel  rise  imd  TaII  imij 
the  two  rods  were  nmjtueJ  through  liole«  in  iJie  plikuk.  Wattur  ^vt* 
in  the  oiittem  an  high  a*  the  jjlank;  »u  tliat  when  tlie  movalite  vniv) 
raided  the  cutiLenht  of  the  hag  would  be  forced  into  the  upper  timuu^  uki 
expelled  through  the  jet  pipci  uid  when  it  was  again  lowered,  rhe  wuu 
would  enter  lhroaf;>i  ita  valvu  and  ftil  both  aa  before.  The«e  engine*,  he 
obMrvea,  had  aometimee  two  levera  and  were  worked  by  two  men,  "the 
lower  brawe  [vessel]  being  poysed  with  two  aweepa." 

Tho  goose-Dcck  was  used  in  Encland  at  ihu  lime.  It  la  not  repr-"-i'-t 
in  the  figures,  which  arc  very  imtifferonily  executed,  but  »  suii 
well  dcSncd  in  the  description  of  one  of  the  engines.  The  author  <ii  i-o^ 
A  hollow  ball  lo  be  placed  on  the  orifico  of  the  forciog  pi]M^.  "havoiii 
Mel]  pipe  at  the  lop  of  it,  and  made  to  acrow  aoother  pipe  [elbow]  opop 
It*  to  tiirrft  ihr  tratrr  lo  antf  fJarr" 

Hai'iW  or  hand  rnt;im-s  c«niiniiej  to  be  employed  in  London  in  llia  IM 
century-  Thit  apju-urs  from  n  Uw  paMed  in  tlir  6lb  year  of  Queen  Ai>w'* 
reign,  by  whirli  it  wan  unur-Iei)    liist  "  eiicb    pnriah   nhnll    kwep  a  ! 
gim-,  and  an  hatui  aufiaf,  and  a  leather  pip«-.  and  jkh-WcI  of  the  •■  1 
M  tho  phi|^  '>r  lire  rock,  fof  tho  water  niamK,]  that  l)ic    »»rket  m* 
into  the  pipe  to  ct>nvey  the  water  rlear  to  tin-  i-UKine,"  under  a  i- 
ten  pounds.      In  r.tuiu  of  a  fim,  the  first  f>eraon  wJto  nrrired  WUh  *  \  ■."•■■. 
enetne  to  ftxlin^iUli  it  wa.*  (rnlitled  to  thirty  «billini;!i— iIk-  »«-cotid  :■■•::■■': 
and  the  third  ten,  prorided  llie  enginea  were  in  f^rxid  order,  "  wiih  '  —  " ' 
or  ho!*e,  or  leather  pi[»e."     Tha  following  year,  tlie  ownen  or  terjitra  iJ 
"  other  large  enginea,"  {not   [mrisli  ongineH,)  went  entitled  to  ttw  >■>* 
reward  u]m>u  arriving  with  them  and  asaistiny  in  extinguishing  a  ^.rr 

It  is  a  singular  proof  of  ihe  getteral  ignoruicc  of  hydruulic  ata 
or  want  of  enterprise  in  Loitdon  pump  makers  of  ihc  I&th  and  l^i' 
turiea,  that  ihcy  90  long  continued  the  ubp  u(  "  M|uir(a"  and  eiiifiL'  -  »' '' 
lingle  cyliiiders,  when  ibcy  had  daily  before  their  eytts  in  the  Tlunu* 
Water-works  examples  of  the  advantages  of  combining  Iwn  or  BtOTC  V 
one  pipe.      The  application  also  of  such  machines  aa  hf  >vti  '^■'■ 

viously  enough  shown  lo  them  ;  for  wln^n  Maurii'e  liad  !  ■  I''*"' 

in  ISS2,  lire  mayor  and  aldertoen  wont  to  witnees  an  exjiFitittt^m  >■ 
^Qmpa  at  l<ondon  bridge:  "and  they  saw  him  throw  die  water  01  < 
Magnus's  steeple,  before  whirli  time  [says  >Stow]  no  such  thing  w*- 
tn  Kngland  as  tbis  raising  of  wator."  Ininu-<!ialeiy  "uliMrfpeni  to  t!i' 
date,  ti«f  "  Wjuirt"  man n fact un-m  niighl  surelv  hsve  hiiituipd  M 
machine,  but  they  did  not  lor  nearly  a  hundred  yvoiv  aft«rward»; 
not  until  such  engineii  had  been  introduced  a  socotmI  time  frotn  Gei 
and  denlgnnd  cxpresaly  to  put  tntt  lirea. 

Heforu  the  iniproremenUi  of  Xewahnm  and  hi«  cnntemporarir*  of 
I8th  century,  siune  imporinni  additions  would  aeem  to  have  been 
m  Einglaud,  since,  previous  to   IOS(>  "  the  engine  fur  extintuiBbinf 
wu  claimed  as  mi  Kngltsh  invention.  This  ia  atiUed  in  a  r- :     ' ' 
Kshed  that  year  in  Loudon  by  John  Harris,  and  »p]Mirfii 
It  13  ciuitlod  "  A  jdeosaiit  and  compendious  hiitory  of  itiv  ': 
and   iiuiituiera   of  tiie  most  famous   arts,  misicrtca,  law*, 
manners  in   the  whole  world,  lopedier  with   mnny  <tlher  ranUk^ 
ourJtabie  things  rarely  made  known.  And  ttever  tiefore  made 
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kirli  if  aiiclei]  njrfrtl  curiuus   iiiMMiMn'i-, 
nJ  luui  Suuliuli  mvn."      Wi-  -i:.ull  <<?i'  r  :.i 
\-  iia  IuUkwii!.  i  ..  iiliii'jUi^li  th«  coimm.lin^  p.iri.  .tnlv  (tifrs  W 

>  I-     "  Ki   I  .    ;.i:<:JI(!B  were  lirii   iiuitf   in  England   hy  a 

v^iii  111  CIieii[)iulu,  mIiu  rufusQil  u>  couuiiuiiicato  hta  orr ;  but  in  tiie 
(jliili  year  of  <^ut'<!ti  ElizulxiUi's  n'ipii.  Kliaii  Corous,  a  fSorman,  mnAe 
known  loihe  Eii^li»h-  AWut  the  hfthyttir  of  Queen  I51(z«bplh.  liti'  w«y 
f  niahing  />»»*  wiia  fuund  out  by  ihc  lin^'liah.  which  before  wero  hmiighl 
I  hy  tirancun  lo  iIil-  value  ot'tiO.OOl)  puund  a  year.  Wairhcs  were  din 
kniirion  oi  a  Uumiaii.  oud  ilm  inveiition  brouglit  into  Eni;land  Aiinn  1A80. 
Iir  laowas  itiveaters  and  impruvur*  were  Cornt.-lins  Van  Dreblo  viA 
uius  Tormnullus.  The  firM  clockii  were  brought  into  England  miinb 
(otji  the  tame  tiioo.  Chaiues  for  wutcbeN  are  ^v\  lo  be  the  invention  of 
r.  T(>mack<M>.  The  engine  for  clock  whteU  id  iin  Kogltxh  invenTion  of 
tout  our  hmidrvd  ytjurs  Btandiiig.  as  likewi»e  thai  for  ibe  apisedy  cutdng 
VKn  when]«  for  watches.  Other  late  inventions  tiierc  wee,  to  whom  u 
nr  inventcrs  the  Kni^lisfa  lay  claime,  ax  an  cn^no  for  raising  gl&M,  an 
lur  vpintiini;  ^las£,  an  engine  for  rutting  tonccn,  the  rouTing  pre**, 
(if  iiama.*k.iiii;  liiiuon,  ana  watering  of  ailks,  the  Mray  of  separating 
froin  <titv<jr  anil  brasij,  boultiog  mills,  making  eaioe  chairs,  the  cnrioaa 
of  colouring  and  marbling  book^  making  of  bom  wire,  and  Um  awim 
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taaplikc  •<»■*— Old  t«|U*  alUi  wr  diuutat — Chuiu  miiI  lutllwr  boM  boiI  Duirti  i-nfiiir*— Cii- 
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Tnt  6ru^ngtne  mentioned  in  the  prcviotu  chapter,  which  Schotnu  wic- 
d  in  oporation  q(  MaremlH>r;^  in  I6A6,  appeara  lo  have  het^i  equal  to 
\y  modeni  oae  iu  the  ef!<>cti;  aarribed  to  it,  since  it  forced  a  column  of 
vicr,  an  inch  in  diameter,  ui  on  elevation  of  eiphty  feet.  One  German 
itliur  sasi  a  hiindrtd  feel.  It  was  made  by  John  Hoiitiirh,  who,  tike 
iiMi  of  the  old  invtmlora,  etideavurcd  to  keep  the  roriKtrDetion  oif  his 
luehine  a  secret  He  rcfaaed  to  allow  Schotnis  u>  examine  ita  interior; 
iuuf;h  tlie  laiu>r  it  U  said  rcadilv  coneetred  liic  arran^mcnt,  and  from 
L>  account  it  has  bfcn  auppoBfrd  iJie  cylinders  were  placed  in  a  borixontal 
Mitiou.  The  ciistem  ijiai  contained  the  pampa  was  eight  feet  lonir,  twn 
I  bmdtli,  luid  four  deup ;  il  sinod  on  a  filed  ten  feet  in  length  and  tour  in 
idlli.  and  the  whule  w»t  drawn  by  two  horses.  The  levers  were  so  or- 
loged  thai  twenty-eight  men  cmild  be  employed  in  working  them.  The 
aanfiictiire  of  these  engines  waa  continued  by  George  Hautsch.  the  son, 
bo  i  !  "  made  improTenunts  m  thoin,  a«  aomo  wriiers  ao- 

-eD^nca  to  him. 
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In  the  I6th  cf[.  'oiiM   iiavc  fui     '     ' 

N«reml)crf;  for  v  :,mi(i  tnokiiiij 

tnarhinos.     h  wii*  a;  llji-t  uui:.-  Iliu  IJiniiiii^'ham  l>1  lu.iiiijM-. 
Itrasfi"  was  cclcbmteU  I'ur  al,'•^t.     It*  tiioclKvnu'd  wcrr  so   n<- 
f«r  funr  of  lutuultji,  ihvy  wufv  not  itllowvU  to  usunilflu  : 
at  worship,  weddmgs  und  fiiiiL'rotti."     No  other   pUc<  , 
writiT,  had  "  to  j^runi  n  numb^-r  of  curious  workitiuii  in  nJI  metak."     Toe 
Hauisclis  Kccm  to  have  itwn  ftvuriit'si  wiili  thf;  gvniiis  of  tnVRDlino  tbM 
presided  over  ihu  city  ;  an  a[itiiudti  for  atul  an  iuolinstion  to  pitnrartne- 
chanical  rc^eanchtfis  wvk  iuhwiwd  by  the  family.     From  «  remiric  of  Dr. 
AgricuU  of  Ratiaboa.  in  bts  curious  work  ou  Gardpiiing,  we  leani  iJui 
one  of  them  did  not  confine   himself  to  devices  for  throwing  strvjun*  tt 
wtticr  into  the  air  :  for  he  contrived  a  machitto  by  meana  of  which  \v  in- 
tended to  nuM-  himMolf  tntd  the  tipper  regions.     "  What  «aih  1  ■ 
euloua  [cxclaimx  the  author  just   nuiiied]  t]iBn  thv   art  of  l< 
or  switntning  in  ilie  air  1     Yet  we  find  there  linvo  b«on  »omi-  w  . 
practicod  it,  panii-ularly  one  HauUth  of  Nun'ioberir,  who  ia  miirh 
of  for   hi^  fty<>*f!  eaf^int'.     In  the  moan  time  it  it  wpII  for  iJw?  winU    . .: 
thusc  atti-mpfs  have  not  lurwedud;  for  how  whauld  we  wiic  nmifu..  ■,'-■' 
They  would  fly  ovit  xiw  walls  of  towns  like  Aprllre  Vncalr<i,  wn.>  ■;..  r 
U'll  Urt  snrrd  htmself  hy  flying^  over  the  walls  of  Nurcml>*trff.  and  li-v  fim 
of  whose  feet  l«  thew?  dhowii  to  sUnngLTH  tn  thi*  dny."     Thp  an  DlfiT* 
ing   vni»  a  standard  subject  with   Nurumherg   mi^chftnica  for  renuriiM^ 
and  several  curinn!^  results  are  recorded,  bat  perhipa  tmthiMg  man  » 
thatt  the  nbore  objection  to  h. 


K*.  I4&,    Flrv-^BSJiM  tatMifinjc  i»»tt*>kAVK.  >i.  It,  *13k. 

For  nearly  a  humlr«d  years  after  the  date   of  Hautftcb's  fn^ 
used   throughoiiL  Europe,  with  (he  eirr>piion  perhaps  of  a   t* 
Germany,  were  v*^ry  umilar  tn  those  dcKrilw-d  tiy  Belidnr, 
in  France  in  hia  time.     They  ronii.^i<^d  himply  nf  two  pi 
cheK  or  ciatem  ihni  wiw  mov»>d  on  wheeU  or  sleds,  and  so 
by  mi?n  likr  the  old  sedan  r.hair.    Those  enpincs  diflirrd  fro'. 
only  it»  thmr  dimenfiioM  an<l  the  motl"'«  f>f  worlini-  '!■<  »<      "^ 
IJ(i   will  cnnvrv   fi   preuv  cnrrerl  idea  of  il.. 
cfthe  ISth  ttatary.  Th<'inrnveTV>«\tttv^itAu.?Ai' ..»,.;(,.■  .•..«-, ; 
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Tlie  (rant  port  of  the  cistern  in  wfainb  tbc  pumps  are  fixed,  ia  aepoiWeid 
1^  m,  purfurmird  board  A-Dm  Uic  hindtrr  p&rt,  inia  which  ibc  water  wiu 
(Dtuvd  Irum  buckets.  The  cylinders  wetv  four  inches  in  diamoler.  ud 
iM  putuQs  bad  a  siruke  of  tun  inchpH.  Kocli  pump  wiut  worked  hy  ■  SKpa- 
•te  lever.  A  A;  an  injudicioua  plui,  sini^u  a  «'erv  fuw  bunds  coald  be 
lB^iloy«d  Dti  euchj  and  ub  the  cnpni-  had  ou  air  vcsw:!  il  whs  ueCQssary, 

order  CO  ki!op  up  the  yot,  that  tbe  piistnti  ahiruld  be  misvd  iind  dcnrossed 
Jtemuiulii' — u  coniiitiaD  not  easily  pcHnnnviJ  by  iiidividtiulE  unusvu  to  the 
ipenttiun.  luid  uciinc  under  chc  (^xcitonimt  uf  »  (ipn;iidm<;  vunllapniliun. 
n»e  contrivance  fi}r  chunpnf;  the  dirt-fticu  uflhe  ji'l  whs  very  defcctiro, 
ad  considcHiij;  thf  date  ol'iniB  uiij^ne  it  is  Eiir[)n£i]ig  Uihl  iturh  u  one  wad 
ben  in  ui!«.  A  shun  k-uii;i-m  pipe  would  huve  buen  mudi  Iw^ter.  It 
rill  be  perceived  thai  the  jet  pipe  Is  coniu-c'ted  to  the  ptirpuiidicidar  or 
ixed  one  by  a  m'n/^le  elbow,  instvud  ol'  a  double  uiie.  \\ku  the  ordiniiry 
ooia-iieek.  Tb«  joitiu  wun-  aliui  made  ditfcreutly.  The  fthun  clbow 
iece  had  a  coiliir  or  ring  round  each  end,  and  the  jet  and  [terpendicular 
ipes,  whore  they  wcr«  nnited  lo  th«  elbow,  the  same.  The  Fucca  of 
icse  eollan  were  made  smooth,  so  u  to  (it  clow  to  and  oi  the  Aame  time 
im  on  ench  Mber :  loo«e  flnnchcs  on  the  pincA  were  bolted  to  oihora  on 
e  elbow,  and  ihiw  drew  '.he  oollurs  togerlier  fto  u  to  prevent  water 
am  leaking  ihmngh.  Now  it  will  he  seen  thnl  although  the  joint  which 
iftea  the  elbow  to  the  perpendie.iilnr  pipe  would  allow  the  jet  p>pe>  to  bo 
roed  in  a  Uttersl  or  hnrixontal  direction,  there  appears  no  provision  to 
OMC  or  to  lower  it.  and  no  appart^nt  use  at  nil  for  the  odier  joint.  We 
ore  nt  first  at  a  loss  lo  divine  how  the  stream  could  be  dircrred  np  and 
nw*n  sts  occasions  tnifjht  require,  lor  Belidor  hoK  not  explained  il ;  but  on 
xunining  more  closely  the  figure  in  his  work,  wc  found  that  tlie  jet  pipe 
laelf  wofl  not  acraight,  but  bent  near  its  junotion  with  the  elbow:  this  dt»- 
Dived  tbe  mystery,  for  il  wa«  then  obvion*  that  by  twinting  this  pipe 
Oud  in  ita  joint,  it«  iimaU'^r  orifice  ri^>idd  he  ineliiwd  np  or  down  at  plea* 
iwe.     Thia  very  imperfect  device   id  alao   ahoiyn  in  the   next  figure,  the 

I  tnpe  being  curved  through  ii«  wliote  length,  instead  o(  a  single  bend  u 

'  Uie  IsA  ooe.    - 


.-'^-.-'. 
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Am*  IM-    I'ltv-vRgtn*  ■!  ypnu,  A.  D  liaa. 

A  engine  are  »ubslMntiully  the  aume  aa  those  of  tht>  last. 
Asv  moveS  by  a  short  vibraiiag  beam  f\acK>i  i^nvcx^-j 
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ovnr  dio  cylimli-ra.  TLe  sxla  oi'  iJif  buun  i*  ooatiouod  ilirotir''  '"-■''■  -  '- 
of  iho  wikxIdd  ciLse,  unil  to  its  6<miirt*(i  dihU  tvro  into  rtxii  -i 
emiik  hurulleg  ou  ihu  axles  of  griniltituntf*.     To  the  lower  l-hu- 
rods  uv  ttiittchDii,  by  bulu,  two  borixunlal  Uin  of  wikhI,  od  tliv  ' 
which  a  nuiabt!r  of  ton^  pitu  arc  iuwrtcd,  u  fbawii  m  tlic  I'aL.     v  ii>  > 
the  cnipnL*  vrns  in  luo  mon   Uid  hold  tiD  thviw  pins,  one  mui  lu  riu-h,  aaj 
piuheu  unJ  imiIIl-J  lIk.*  Inire  lo  uniJ  I'm,  ttoim^whiil  os  in  cbo  »ei  of  ' 
mad  thus  irt]|iartL-d  ilit-  ri'uiusilc  touvi-tni-nt  lutliL'  uisluns:  u  mode  >. 
ing  Kre-<>n}n>J<'^  thai   migbl.  wo  think,  bo  luloiHod  with  tul^imu!^'  m  im- 
dem  utivM  ;   I'ur  tlit  vigorotu  working  of  thviu   ii  to  exiiaatuns.  Onf  tV 
SQNin^pst  inaa  i-aii  banliy  CDdurc  it  vvvr  &  fui[iutt>  at  u  tiinu.    Tbi 
of  this  engitiu  in  connocted  lu  ihc  itiher  by  cuupliii^  kevwv  c 
joints,"  the  most  useful  mid  ingenious  device  tor  joiitmg'  hiLk-s  that  • 
invented;  and  otte  which,  from  its  exteiisivu  )i[inliciitii>ii  in  pricn...  .._. 
draulic«,  in  gtu  and  tiova  wcyka,  and  nJsu  in  pbiloftupbical  tpp«mut,  W 
become  indispeniiable.     We  notice  ii  here  on  account  nf  lis  ukvIdl-  '•-'■ 
etmneniisly  n'Tributcd  to  a  modorn  engiru>art  wherca*  it  vi;u  i 
wbcn  introdtircil  imo  Vpres  fire-engines  above  n  biindre'l  y-.--- 

Two  of  the  greftiRSi  improvements  ever  madr  in  tttcfto  ii< 
introduced  about  the  Mmc  time,  v\x  :  the  air  chambpr  and  ' 
of  leather  and  c»nva«  ;  upon  iheiite  principally  tb>>  oiliriiMii 
enginfJH  depends.    By  th?  lormer  th<^  stream  ejecied  frci"   ■ 
rendered  continuous  ;  and  by  tlic  latter,  it  is  no  longi-r 
the  enpn(>  itjtelf  into,  or  close  to,  a  building  on  fire  ;  wht-ro  lu  atiti  cajgi 
it  ia  impossible,  from  the  h<!al  of  the  ilamrfl  and  froin  smnke,  to  u*e  it  imli 
ofTccr.     Tb(!  modern  author,  nr  rather  introducer,  of  the  bruiilifiil  derm 
for  rendering  die  broken  or  interrupted  jet-s  of  old  endues  uniform,  ii  k* 
known.     In  acenrdance  with  the  cuMomK  of  the  nge,  lie  probably  kqit  0 
secret  as  longns  he  cnuld.     We  auRpect  that  HaulArb'a  cngirKi  vru  {vr 
nished  with  as  air  chamber,  and  that  it.  vni»  on  that  nreonni  rtiioily  thil  U 
was  BO  anxiouD  lo  provont  its  conatrnetinn  from  becominp  kiv  ■■  ^'     ^'■'^  >■ 
Dun  Btau-e  that  Hautach  used  a  flexible  pine  to  enable  him  reic  i 
tlie  direction  of  the  jet,  "but  not  an  air  cnaraber,  which  SohriUur<  i>  >.•'.• 
woubl  have  describtvL"     How  Schoiiui;  couM  have  dono  thin,  wha  v- 
cording  to  Prof.  B.  hhoself,  Haatsrh  refbacd  to  let  him  see  the  in:.'  '  "^ 
iheongiuo,  it  ie  diiEcult  to  Imnfi^ne;  and  unlew  be  had  been  ar. 
with  the  priiperticB  of  an  nir  vessel,  had  the  enpne  oven  been  tlin  iv  j   i"' 
10  ha  inspection,  he  eould   hardly  have  eomprehended  it*  n> ;!  ri  n  If 
cxpltuncd  trt  him  by  the  manufiii-tiirer;  at  any  rale,  the  serrM,  if  ii  •"-• ' ' 
Ha:.t9ch'«  posscesion,  was  not  lon^  afwr  divul^d  ;  for  it^  !fl7fi  nn  ■.■'i' 
mous  writer  in  the  Journal  dta  Scapana  fi^re<)  and  dr 
with  this  appendfigf.  The  aecount  was  the  satni'  y*ar  t: 
lished  in  volume  xi  of  the  rhito9ophical  Trannac lions,  p.  639. 
is  llie  rarlioit  noiiot*  of  the  applicittinn  of  an  nir  vcswl  to  piitnpa  in  1 1 
times  that  wi-  have  met  witli,  it  i»  ouiillcd  to  a  plnre  here. 

'•  This  eng-ine  [No.  147)  i«  a  cheat  of  copper.  jaerc«d  ¥fi(h  manytal^f 
abovR.  and  holds  within  it  the  body  of  a  pump  whoae  sucker  is  r»i»rd  "^ 
abased  bytwolevnr*.  Tlieae  levt-rshaviuf^eoch  of  them  two  ot 
arm  beine  fined  to  be  laid  hold  on  by  both  band*  of  »  man. 
19  pierced  in  the  middle  by  :i  lafiitaise',  in  which  nit  in>i 
pa.<uoH  t)ii-oii^h  the  h-indle  [ro«l)  of  th<-  tucker,  Uirna  *ii 
ratsrd  nr  inwrred.     Kear  the   body  of  the   pump   thrji-  m  *. 
I,  [fiir  vessel]  joined  to  it  by  the  tube  G.  and  liovintj  nnoibop  ml 
which  in  N  may  be  turned  ••very  way.     To  make  iIhb  ■ 
j«  pourvJ  upon  the  di«n  to  euujt  itv  at  tbvf  buU«  thai 
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raf.  Tfae  wmter  ia  tlmwD  in  Xo  ibc  body  of  the  pump  ftt  tl>«  hole  F, 
lu  limu  wrbco  ihc  giickcr  ia  nuH.-d ;  udu  when  tiie  Mine  iit  lot  down, 
/vivo  uf  lliL>  tatne  boie  ebtiis.  and  Ibrcvs  ihv  wau;r  lo  pa»*  llirougli  iLe 
intu  tbu  lulic  U  ol'  whicti  diL-  vulVu  buiiig  liftcil  up,  the  water  enten 
iht*  pot,  and  filling  the  buttum  il  i.-ntL*rB  tlirougb  lti«  liole  into  the  tiilw 
f  L  in  flueb  B  ntiinnpr,  that  whcti  the  water  la  higbcr  than  the  (orifice 
\.e\  iiiIm?  K,  and  tfai*  holf  of  thL>  tube  G  i«  shut  by  the  vaivc ,  the  air  in- 
id  in  the  pot  hath  nu  iesui'.  and  it  coiin>s  to  pass,  that  when  you  con- 
I  to  make  the  water  Qiitnr  intu  lhi>  |k>i  by  the  tul^K-  G.  v.-|iich  is  much 
tar  parser]  than  l\te  apcrturr  dI'  llic  ciitl  I.,  &t  which  it  miiet  iMtie,  it 
tneeda  DC.  ibni  the  sarplus  ufth*^  water  that  t^nti-rs  into  the  pot,  and 
tbds  dtat  which  al  th(.<  fiame  tiiiitrx  iMues  throut^h  the  small  end  of  the 
:mmj»reiuta  l^e  air  to  find  placr  in  lh<?  [mi ;  which  makew  thai,  whilst 
mcfcur  ia  raised  u^in  to  make  new  water  to  enter  into  the  body  of  the 
fp,  tbn  air  whieh  has  l«en  nimpresited  in  tlie  pot  drtre«  tlm  surplas  of 
waier  by  the  furou  of  it^  spring,  meantime  ifmi  a  new  cotnprewion  of 
uicJcer,  makes  new  water  \t>  enter  and  causes  also  a  new  compression 
he  air.  And  thus  the  course  of  thr>  water,  whirh  iseuee  by  the  jet.  ia 
lys  entertained  in  the  same  Mate."  The  liox  or  ehosl  had  Iwo  pro- 
■Kpieees  on  each  side,  through  which  two  staves  were  paswd  ior  the 
^Bence  of  carrvin^  IL  ThiA  small  engine  appears  tu  have  been  in 
•y  respect  an  efleetu-e  one;  the  whole  of  the  parU.  both  of  iJie  pump 
■pnarams  for  working  it.  were  well  adapted  to  produce  the  beat  ef- 
Tho  goo9c-ne«k  seems  to  have  been  form€^d  of  a  cpecies  of  ball 


ioe  might  fiippose  thai  when  iliifl  ftccouni  of  the  construction  and  cf- 

a  of  air  rhanih<-r»  wa«  yiublished   to  the  worW.  and   in   the  standard 

mal*  of  Francf   and    England,  that  they  would   apeodily  huvo   bton 

pled  in  firtt-enginea  tliroughoul  Euro|>e.     Snch,  however,  was  not  the 

;  «n  The  coutmry,  tliey  appeal-  to   h.'ive  remained  coinparalivol^  un-" 

iwn  for  nearly  filly  yc«ni  longer;  for  il,  waa  not  till  the  expiration  of 

first  qunrtrr  of  the  ISlh  century  that  they  began  ixi  be  much  used,  and 

I  -  more  itKpMed  I«forc  they  were  generally  employed.    Wu  con 

.  .1  fitr  tluii  by  the  limited  circiilAtinn  of  the  acitmufic  journals 

iig  coufiitfd  prineipally  to  learned  mi;u  ;   who  iJien  as 

rtTil   towards  meehanicsl   researches  :  mt^chanics  in 

^iit   il..  -ler*,  and  the  few  who  pi^sseeswi  »  laiste  for 

,(  the  means  to  f^raiif^  iL     U  U,  ba'««'<«t. 
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bonlu  wcm  conunoiitjr  without  tlie  mutuia  to  gratify  U.     U  is  bo 
lingular  thai  iJiis  account  of  tW  lur  vei»t>l  shuuld  have  oscafMNl  ti» 
searches  of  BcrJcttun,  ami  vtpciriiilly  no  a&  it  wuh  rejiubtightKl  iu  17U4 
Harris  in  his  Lexvcnn  Tt-clinirtim,  tind  m  1705  li,v  Iiowtliorp  in  tW  itf 
muntortlie   Phttoaophiciil  Trariwu-tioiH.     He  obaervea,  "I  '■•"■    •"-' 
oliUr  unginc  with  un  air  cltamlMT  than  ibai  (tescrib«>{l  liy  Vnr 
which  ht^  ha»  given  a  figure.     Hb  saya   it   wiui  [trMorvt-il   i 
liltmr^'  nt  Paiii*;  that  ii   wa«   employed   fur  thrf>uii>^r   wncur  u^  n  a 
height  iluring  Urea  ;  and  thai  it  had  only  one  cyJiinJer.  und  y 
II  ctintiniiod  jet  of  water.     He  neither  tnontiuns  thu  jxTioJ  ol' 
nor  the  name  of  the  inventor,  and  1  caii  uuly  add  that  hi6  Ixiuk  w^  y-r. 
ill  16S4."     Berkman,  in  a  note,  stains  Uiai  lie  hod  itot  eecn  titv  fini 
tion  of  I'crmuU's  work,  and  iliurcfaru  knew  not  whether  ilie  Frcitcb  a 
giaa  woa  described  in  it.     We  may  horu  niuku  tliu  stunc  remark,  *uicc  the 
only  copy  in  our  [foMeasioti  is  ortbe  edition  of  ICS4,  liavini^  e»d«avaftA 
but  witiiLiut  succcM,  lo  procurt;  an  impretuion  uf  tiic  preriutM  oiie. 

In  1G72  /lOM-  or  Irathcrn  tubes  w«rc  tirstptiblicly  tucd,  lit  modern 
to  convey  waicryrtivn  engines  to  fir<i«  by  John   and    Nichtili"  V. 
Heidr,  in  Amsterdaxn,  of  which  city  tJiey  were  iiiipcetor*  or 
ffnt9  of  liro  upi><irntu«.     They  made  the  tubes  tn  fifty  f^^t  1>  i.^; 
brass  screws  hticd  to  tht!  ends,  so  tbat  any  nutnlx^r  could  quickly 
necteil  together,  at  ocra^uns  might  require.     The  introduction 
piprs  forms  an  ep«ich  in  the  hisKiry  of  fire-engines,  for  t]iey  w. 
increased  th«  effect  and  extanded  the  applicstian  of  them  maohinei. 
vious  to  their  adoption  large  enginea  ooiud  not  be  used  to  exungwiti  bn 
in  the  interior  of  dwelHtiga — it  was  only  when  the  flames  htitvl  tbroujli 
the  windowR  or  roof,  ihat  they  came  into  play  ;  and  even  then,  it  vru  ofiea 
with  difficulty  and  danger  ibal  they  could  Iw  Hmiight  siiffiriently  ii*«r  to 
diechargi?  the  water  with  efTeet,  while  in  mntit  e&aes  the  ji>t  was  m  mcL 
difiusecTby  the  resistance  of  the  air  or  wind  a.<)  to  descend   ralbfir  il 
abower  of  spray  than  in  a  compact  stream.     For  want  of  hose  iho  en, 
themselves  were  also  froquently  burnt;  this  waa  iodeed  a  comm 
rmicu.  and  is  often  mentioned  in  the  notices  of  cOnflagratiuna.    In  iJa- 
Bre  of  London  the  rapid  spread  of  the  flames  d  mve  the  Bremen  from 
engines,  and  tnany  were  consumed.     In  1731  a  grctit  pan  of  the  towi 
Blandfurd,  England,  vmx  dentroyed.  and  iu  an  account  puhli-ihed  bjl 
of  the  sufferers,  it  tssatd  *'dii;  engines  wure  play 'd,  hut  wurt^'  auno  b 
This  losttofenginca  was  invariably  caused  by  the  wimL  ofboflf  ;  for 
plenty  of  the  lultcr  is  at  hand,  the  former  can  bo  planed  and  worit 
any  convenient  distance  from  the   fire,  and  the  liquid   discharged 
almost  any  part  of  it.  . 

Another  advantage  resulting  from  the  introductioi)  of  leathern  c»*V^ 
was  in  makinf^  iho  engitws  supply  themselves.     Before -the  u*e  ■  "" 

water  w*8  poured  from  buckots  into  the  cistern  in  which  the  pun.i 
placed;  hence  when  a  fire  broke  out,  one  of  the  first  objects  was  to  I    '  ' 
a  lane  of  men,  extending  from  the  engine  to  the  nearest  rivulal,  ft^"~'. 
well,  or  other  source  of  water;  tliow  on  one  side  powcd   along  iha 
bucketatotheenffine.whilelhiijieon  the  other  returned  the  ttmply  ones. 
dispense  with  this  uumlier  of  men.  the  Van  dur  Hcides  screwed  orc 
of  a  hoee  pipe  to  the  lower  part  oftlH^  cl*tem  and  exiendod  the 
the  edge  of  a  pnnd  or  well,  where  its  orifice  was  widened  into  a  bag 
was  kept  open  by  a  frame.     Into  this  bag  the  labouren  pourwd 
tents  of  thtiir  bucket*,  and  sometimes  porluhle  pumps  wtre  used 
wat«r  into  it,  for  it  was  necessary  that  it  should  Ixr  sulfun-ntly 
above  the  ctBteni  of  the  engine  that  Ita  coments  might  rrmlily  flow 


^ 
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the  IaRt^^,  Tbui  wu  tbe  first  utep  towanLi  uBing  ructimi  liow,  anij  con> 
•cf^ii^iitlV  towards  making  on  enf^ne  supply  itMsIC  P«rhapii  it  ma.v  be 
thought  stmnge  ibai  they  dtd  not  adopt  tliin  plan  ut  tint  lOKteiul  of  tbo 
device  jost  JcMrrtbcd,  but  in  pouil  in  fact  lliey  could  not,  for  btifore  sue- 
turn  pipe«  could  be  used,  a  radical  chaofifc  was  tvi^uiretl  i»  tlw  coimlruc- 
tinn  of  the  lower  paru  of  the  pumps,  and  one  that  could  not  without  much 
difficullv  and  cKpoOM;  be  made  id  the  old  fngincs.  Heuce  the  Van  d«r 
Heides  very  properly  prefcrrcd  makinf  new  machineti  allogeUter;  to 
vrhich  they  adapted  suction  pipe*.  Tnc»t.-  gn-ai  improve  meiitit  wen 
made  ahout  1676.  Ii>  1G77,  one  or  both  of  tUv  Van  dcr  Heidca  obtained 
an  excluflivc  privilege  to  construct  such  engines  for  twenty-five  years.  In 
lG9o  therp  were  in  Amaterdftm  upward*  of  sixty  of  their  engines,  and 
when  a  fire  liroke  out,  ihe  six  ihar  were  locateii  nearest  were  lukeu  to 
extin^iish  it.  The  urc  of  leather  arid  rnnvos  hose  U^ctime  general  in  the 
next  century.  In  1720  the  latter  wa«  woven  without  aeunt  in  L«ipsic 
and  other  planes  in  Germany. 

Whether  the  engines  of  the  Van  der  Heides  had  air  veattit  is  not  aacer- 
tauiedj  Professor  Beckman  saye  their  mtcmal  consiniction  is  no  where 
ttlfVMBnted.  There  is  stron?  evtdenrc  that  they  had  none  ;  for  to  late 
■B  die  first  quarter  of  the  I8th  century,  the  Dutch  engines  were  not  genet' 
«lly  furnished  with  tltem,  and  this  would  certainly  not  have  heeji  the  case 
had  they  ever  been  "  common  in  all  iho  towns  of  the  Netherlands,"  m  Van 
dvr  Huidn's  cnpnes  were.  Mr.  Cliambors,  in  his  Cyclopedia,  A.  I).  1728, 
ubMtrvL-K,  urliclL-  HydrocaniUrrivm.  "  The  Dutch  itnd  uthL'rs  use  a  long 
flexible  iu!m.'  of  leaihLT,  sail-cloih,  or  the  like,  which  they  carry  nr  conduct 
ia  the  hand,  from  one  room  to  unucher,  as  occiLsiun  rut|mres  ;  so  that  the 
Mgine  may  bu  uppliiid  wliere  the  tirf  is  only  wiliiinsidc,  and  dcies  not 
bivst  out  to  expu«L-  it  to  itij  L'xltiriial  ucLiun.  To  impruvv  on  this  origisa] 
6n-«iigtue,  they  hate,  rince  contrived  tu  make  it  yield  u  continual  stream." 
At  the  time  Bclidor  wrote,  air  vessels  were  not, common  in  HoIIhikI,  and 
in  1744,  Desajpiiiers  spcakinfr  of  their  ndvautafres,  remarks,  "  In  the  uw 
of  cnfpnes  to  put  out  nrcs  which  have  no  air  vcascU,  like  tlie  Dutch  en- 
gW£,  or  old  |>ari9h  engines,  a  great  deal  of  water  is  lost  at  the  beginning 
attd  end  of  the  jet  or  spouting  of  the  water."  Philos,  ii,  164.  Beckman 
Mya,  it  is  certain  that  air  TeB«cls  were  not  common  in  Germany  till  aAcr 
they  ■were  ui^cd  by  Leopold. 

Poricf  in  France,  Leopold  in  Germany,  and  Kcwsham  in  England, 
flOBtomporaneous  engine  makers  in  the  uarly  part  of  the  18th  eencury, 
were  grcatlv  celebrated  in  their  respective  countries.  They  were  somc- 
Innos  considered  inventors  of  the  fira  engine,  tlKiiit;h  very  erroneously, 
for  so  far  as  the  principie  of  its  coiistruciidii.  appjicaciim  of  tbo  air  ves- 
•el,  goose-neck,  flexible  pipes  of  leather  and  canvas  the  connection  of 
these  by  screws.  &e.  were  concerned,  the  engine  was  perfected  before 
their  time:  indeed  not  one  of  them  contributed  any  thing  essenlini  to  it. 
Their  merit  consisted  in  imjiroving  these  machines  in  various  mtrnw  detaiUi 
in  the  arrangement  of  the  different  parts,  constniciion  of  the  carriages, 
mode  of  communicatin^r  moTinn  lo  the  pisiim*.  and  in  rendering  the  whole 
more  durable  and  efficient  by  .tiiperior  workmanship  atid  materials.  In 
these  respects  the  English  engineer,  we  believe  surpasapd  his  competitor!, 
bat  then  nc  was  the  last  of  the  three  that,  entered  the  field,  for  Peiier  started 
before  Leopold,  and  both  were  some  years  in  advance  of  Newshom. 

No  account  of  Perier>  engines  is  to  bo  found  in  modern  books  ;  cveu 

Belidor  has  taken  no  notice  of  thorn.     To  supply  ihii  deficiency,  we  iii- 

tcnded  to  insen  a  fi^ire  of  one.  taken  from  the  2d  ed.  of  Poliniere's  "Ex- 

pencoe^ii  de  Pbvsiijue,"  Paris,  1718,  (the  only  work  Vith  vtVicV  'Ke  m* 

aeqaaiourd  thai  coniainB  a  represenUiion  of  them,")  Sui  on  %ccouTt\  ril  ^ftft 
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onosiial  nttniber  of  illastrmrioim  rwpurwd  in  this  chapter,  if  u  (mti: 
abort  ilcfcriiitioii  will  suffice.     AfWr  drtw^rihing^  ui  atntcitpKrinc 
lcra|^ng  tu  Jia  arssnal  of  Paris,  anJ  viinthcr  tiUaohcd  lu  a  butr-- 
bour^  iSt.  Antoin»,  which  had  two  iiimiuU  and  twa  valves  in 
pipif,  ikft  aiitJior  iib«orvat,  J*oy  vu  u  Parig  <J«*k  pornpw  dont  on  »■ 
t&ehnr  d'^tcindre  le  feu  qtunJ  il  amv«  d«-«  iiicfttditr* ;  and  hi*  Oifii  vo 
iuUi  a  tiiinutt-  drscripcion  of  otra  *i\'  UifM*  Paruiaii  tm^iiett.     In  iu  |^ 
appvanincc!  tl  n-s<*nibi«'d  thr  Dtiich  one  No.  148,  conwsting  ul'  tt,a 
tag  rylimlen  with  aii  air  viimvI  Lieiwcwii  llicm,  the  pisloii  rii< 
a  iloum*!  levtT,  thn)ugh  the  tMidg  of  which  sut'rs  fuur  f«et  in 
iiiHt^rtffd.      Tht*  piiinii  c^limliirs  were   nixt^wn  itiRhcM  l<.>n^  and  limr  iii 
raeUir,  bul    inxtend  of  Wm^   {ilnccij  in    a  >u]uaro  wood^D  box  or  a 
they  were  tiAciired  in  an  o|wii  (-opp«>r  pan,  nf  an  oval  shape,  anil  ibf 
depth  wa  the  cyliitdi,<rK,  him]  fsateiifd  by  bolts  lo  a  basK  of  wood  or 
of  plank,  to  die  four  corners  of  which  •lM>rt  ropen  were  fastened.    Ai 
end  of  tlie  pan,  the  leather  hose  which  conveyed  the  water  to  tbi>  fir* 
oonuecied  by  a  screw  to  a  copper  piiw  chat  communicated  wiili  t)ir  \avtt 
pari  of  the  air  chamber.     Tne  leatner  tubes,  Poliniore  oh»erve« 
lubricated  with  a  compoaitinn  of  tallow  and  wax  lo  render  iheni  [< 
asd,  to  prevent  mice  and  other  vermin  from  denroying  ttiem,  <■>" 
an  infiision  of  colycinlli  nr  bitter  apple.     In  fumisDine  tlie  puir, 
water,  Perier  adopted  the   first  device  of  ihe  Van  der  neidw,  nml 
we  infer  ihai  he  was  ignorant  of  the  belter  mode  of  mnkinc  ihetn 
themselves  through  suction  pi]>es.     As  they  coald  only  draw  wsli 
the  vessel  m  which  ihey  w^ere  placed,  and  jl  being  ton  stnall  and 
nient  for  nnmbers  of  people  to  pour  the  contents  of  their  huc'^ 
ivhen   the    eng^ine    was  in   tise,  a  canvas  or   sail    cloth    bng,  coal 
pitch  or  tar,  was  connected  by  s  flexible  pipe  of  the  same  mi'^ri 
lowur  part  of  the  pan.     This  bag  waa  of  a  conical  form,  chv  wii' 
ing  upiiermost,  and  supported  witli  th«  mouth  opvn  on  h  foldii 
sofiii-thing  likn  n  h<gh  camp  stool,     tnto  this  bag  the  water  for  ihs 
of  the  pumps  was  poured.     It  might  of  course  bu  plnced  nt  any  cm 
ant  dtetancf  from  thi"  (Engine,  by  mvana  of  additional  h-ngtha  nf  pii 
were  always  ktrpl  ready  and  which  were  connected  togrthrr  bvi 
ThMo  engines,  roliniere  savs.  forced  thv  water  thr«meh  the  orin 
jet  pipe  la  a  siirprisin)^  distance-  He  observes  hIko  that  •mnllwronn 
in  u*n  ;  which  ronst*ltrd  of  a  single  cylinder  and  air  cbainber,  and 
worki»l  by  a  singlu  lever. 

Tlie  fulluwiiig  estruci   rclailiig  to  Perior's  cnipM.'  is  f'nm)  the  Di 
naire  (Sconomiquc,  3d.  edii.  Pari«,  1732,  from  wliirh  it  njnxiirv 
thai  date  they  were  smatl  aQairs.  and  difiured  but  < 
engines;  in  other  words, thoy  were  then  nothini;  m  . 

tive,  the  name  hy  which  they  were  detignated  at  tJtc  tir»t.     "  L«  ^ 
qae  le  Sieur  du  Perier  a  invent^*  on  perTeccioun^  en  tr^i  eornmode 
le*  incendies.     Deux  hommes  la  peuvent  ais^metit  trtDsiwrijer  avec 
son  attirail,  et  la  placer  dans  le)  heu  (jue  Ton  voudra.     11  n'esi  pas  m 
aaire  qu'elle  aoit  dana  Tendroii  oil  se  trouve  I'eau,  il  y  n  un  ranal  dp.  r 
cinS  en  dedans,  qui  sert  4  conduire  I'eau  juAqu'a'ui  pompo      f^-  ■-^** 


Eiot  6tre  BUgmentu  en  y  adaptant  d'autre»  canaux  fait*  de  In 
a  ponipc  ^lant  plaoee  dans  le  lieu  le  plus  commodt*.  ou  pout  -i 
ter  i'eau  dons  le  plus  fort  dc  I'incendie  par  le  moicn  d'un  ca 
lait  d«  eiiir,  ot  qu  on  augmenie,  autani  qa*on  vem.  en  y  " 
canaux  par  Ic  moien  dc  qnclques  vis.      La  matiero  dorn 
canal  dnnno  la  fariliti^  iln  ps&ser  d'un  nppanetneilt  dap>- 
p)i(|tier  I'eau  dani   I'eQdroit  le  ^lu&   n^enaire.     L«»  ri' 


^ 
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i»1  n'empAebeu  pciat  Vcau  d'kE^r  »v«e  violence,  et  la  forc«  itqc  la- 
dle t*llL>  uifit  fsl  d'autant  plum  grnntiis,  que  ics  hommes  qui  font  nllcr  \k 
U}t.  '.-lit  I'll K-m&mi's  plus  dc  lorce,  Is  (|uunute  d*e«u  depend  ea- 

K  ■  (Jc  piBtona." 

in  ltj!*'.i  It-niT  obtained  from  ihf  king  ui  exclusive  privtle^  to  cion- 
»M  fife-<»i(gimM,  which  PrnfMiuir  Rccknutn  thinks  wew  ihc  nm  public 
It  eiDpl<jyi}d  in  Pari*.  In  171(>  an  ordinance  of  the  kiiig  dirprted  a 
jer  numlier  thun  thnae  slrculjr  in  iisp,  tr,  he  iliAtriliuicd  in  diRrrenc 
U  of  tht>  city,  and  public  norico  u^  Iki  given  where  t}icy  <.-ould  be  found 
tta«  nf  fire."  In  1782  there  were  thirty  in  use.  l>ciride*  oiheri*  belong- 
to  public  biiildingt.     \*  iheM  mnrhines  had  air  veatels,  h  is  strange 

I  B«lidnr  neither  inennoti»  the  fftrt  nor  rersrs  to  Puis  engines  at  ul. 
er  deKfibing  •  Dutch  ooe,  Ko.  1 48,  he  quote*  (as  if  he  knew  of  no  others 
h  air  vea*cls)  Pvrrault's  dcRoripcion  of  the  one  that  wsfi  in  the  king's 
•vy  fifty  yean  bufore,  and  an  aocoutit  of  another  that  Du  Fay  saw  at 
aaoDurg  in  17SA. 

Leopold's  engines  do  not  appeitr  to  havu  ponseMcd  any  peculiar  feature 
Vrhich   fav  could   Uy  elium  a*  inventor.     They  seem  to  nave  lieen  ideu- 

II  or  nearly  so  with  iW  one  dpM-.HI)cd  in  the  Journal  de»  Sttvuns  fnrly 
m  before,  {No.  147.)  Ktuli  connoted  of  a  single  pump  with  an  uir  ves- 

enclosed  in  h  ropper  cbeiL  One  man  raiited  a  jet  by  it  to  i)ie  Iteight 
from  rw«»nty  to  thirty  (cet.  I.eopold  kept  the  conilruciion  for  »omc 
m  8  si^crei,  and  with  this  view  liic  pump  was  entirely  enclosed  in  the 
iirt;  a  cover  Wing  nolden^d  on  the  luttcr.  Bcckmiui  says  be  made  and 
<i  a  grc»i  nuint>er  of  theni.  In  1720  he  publi«hcd  a  dcscripiion  of  thom 
I  piimpbb-t ;  atul  in  1724  he  inserted  on  account  of  them  in  his  Tiieatrutn 
u--Atnarum  Hif/raulirarum,  a  work  published  that  year  at  Lcipsic  in 
Hti  vnlunieK  folin. 

annexed   figure.  No.  14S,  cxhibita  an  improveinent  on  Leopold's 

engine,  having  two  cylinder*  m>d 
workingby  ■  double  lever.    Small 
cngioea  seem  to  have  been  prefer* 
red  (o  ihosc  of  large  dimensions, 
such  aa  were   mude  by    HautMsh, 
or  those  of  modern  tinien.    Bcfor« 
the    introduction    of  hone    pipes, 
small   ones  were    ciTtninly  more 
Useful,  sine*  they  could  bo  carried 
into  any  pitrt  of  ii  housn  uhen   on 
Kre,  bill  whrn  flexible  pijies  of  lea- 
ther and  cnnviis  became  common, 
llieir  etficiency  wtis  not  to  bo  com- 
pared with  tiial  of  the  large  sixe«. 
English   lirecnginei?  were  much   the  siiroe  dimensioiLs   ta  thow  ii«d 
Ibe  eontinent  till  Newshwn  and  contemporary  engineers  introduced 
i«Tii  that   approached   in  siae  diose  in   present   use  ;    hut  for  several 
un  aliei-  th.>  smaller  ones  retained  the  preference.     The  London  mn- 
IWcturvrd  made   six   dilTureni  fixes,  the   larger  one  only  being  pitced 
,  wboMtl--      Kvpn   in  the   middle   of  the  18th   century  auch  as  arc   re- 
»n  the  next  page  were  C4»minon  in  that  city,      A 
Jied    Uv  Mr.  Clure  in   1735  in    hia  work    on    the 
-.  aiitl  -.o  I  ll''   ' '  '  "^65  it  wai"  ilc»cribed  (in  ibe  London  Mu- 
,  I  year)  as  tbi-  i-t.-j.'AK-  in  common  use.     As  an  indtcuiiori  that 

V  Sii)ipkiMnt  ta  DxiL  aCMMnjqos.    Atnsicritan,  1740.    Taw.  Vl,  \Vi. 
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■tmsaels  woro  not  uaed  in  GngUnd  bttUtnt  tho  1S)1> 
obwrvcd  thitt  in  the  y^»T  liut  nuned,  UiuNf  on^nM   - 
named  "constant   strvmm'tl  engines,"  to  diotinj^iah  i^l. 
bad  none— •ach  being  c«Ued  cquirting  eaginos. 


■-fiiTiif  V.  It  •.imv  I 
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In  1739  Swiuur  publishoii  bis  Sysifiu  orHvN  .  iji  wliicli  tc  T- 

sertcd  the  cireuloxa  «f  iwo  rival  uaginti  makcns — Fowku  snJ  X«-" 
Aa  iLu5U  ducumeRls   coiilaiii   sume  Uitvn.'sUii"  pwtjcolars  rcapeclir :. 
state  of  pracucal  bydniulice  at  the  time,  as  wtrll  u  of  Iuv-i'D^iios,  viv  tastn 
tamo  KXtTucVi  from  uaclt,  previuua  to  inrruducing  N'cweltam's  engiltb 

"  Mb.  Fuwkk,  NigfuUgate  Lane,  Wiipjnng  .-  makus 

"  1.  CoiuUuU.  stream' d  cn^inta  for  extin^iflliing  firvft,  the  1ar|^  sWtpll 
two  stre&nu  at  once,  bviag  thu  6r6i  and  only  of  tbuir  kind,  and  doef  ii_ 
ofRee  of  two  vnginus,  and   no  contrived  as  to  be  drawn  tbraagh,  (udi 
occasion  reciuirctt,)  worked  in  a  passagu  three  Ibur  wide,  M-hirh  tto 
eaj),  and  will  fmHl  themselves  vnrii  n  sucking  pipe.   Tfiijir  mriv£>ni«~ 
casv  and  iiatural,  having  a  perpendiculiir  stroki:,  and  aru  <A'?ibniit 
ncx,  wheel,  chain  or  cmnk.  whereby  the  fricttnn  Is  let)s<  -e] 

any  otliers,  and  consequently  rctjuircs  lest  ^trengrh,  are  : 
less  liable  tn  disorder  and  di!<:uy,  and  much  rlic^iprr  iliiui  «iiv  irihrr; 
therefore  are  by  judicious  persons  estermed  prefernblc  to  nlfolhor*. 
screwing  a  pipe  they  water  gardens,  dispersing  the  nartic]<^s  nf  wainr  ' 
about  fourteen  yards  square,  tike  small  min.    ^be  four  Urrcr  sixes 
on  wheels,  and  the  other  two  carried  bv  two  men  like  a  chair. 

"  2.  GNfliNKe  which  M-ill  work  either  by  wuti^r.  wind,  horwa  f-  "—r' , 
BO  contrived  that  either  may  work  at  a  time,  or  be  aesi^tant  ti<  ' 
whereby  Urge  nuaniitiM  of  water  may  be  raiMhl,  so  that  if  thi-  I 
tance  and  quanuiy  required  be  known,  the  expense  aitd  strength 
calculated  fin  as  to  serve  cities,  towns,  noblemen  and   grnrlotn^n*! 
and  fountains,  brewers,  distiUers.  dyers:  and  for  draining  <nf  huida, 
and  mines  of  lead,  coal.  9cc.. 

"3.  Pumps  which  may  be  worked  by  one  man.  for  mirini;  W)i(«-  oh 
any  well  upwards  of  one  hundred  and  twenty  fi-t'i  A-- 
»erviee  of  any  private  hoiii>n  or  family  ;  atxl   so  roni. 
A  eock,  may  supply  a  ristcrn  nt  the  lop  of  thr  himsc,  ur 
in  any  room  ;  mid   by  *rrewjng  on  a  lenlher  pipe,  tlic  wni' 
veyed  pitiicr  up  itinir^  or  in  ut  u  winiloWi  in  case  of  any  fir^. 
"4.  A(J  manner  of  tancie*  in  foutHMRS." 


} 
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After  rvftrring  to  a  number  of  raacbinee  erected  bj  him  in  London  and 
iu  vicinilv,  Mr.  Fnwfce  concludes  with  «  tablg  of  prices  of  fire-enginet, 
the  HTiMllKKt  Ihiiii^  .£14  Qiid  ihe  lurgest  <£60.  Newsham*!  circular  is  ob> 
▼wiusly  di:r«;^iwd  In  cmnicract  the  effect  of  Fowkr'B, 

"  RJcHARi)  XcwKBAU,  uf  Cloth  F&ir.  London,  engineer,  makes  the  cnott 
Dseful,  ttuhntantinl,  nitd  t-onvcninnl  eneines  for(|Uenching^l)re»,  which  aim«> 
antttMtai  Mtrraau  with  anttit  forco.  Ho  hath  pUv'd  several  of  ihiiiii  before 
bui  roajCHt^,  aiid  llw  injiiilit^.  at  St.  Jaimn's,  with  uj  iretieral  an  approbs- 
tiuD,  ibat  lite  larfrent  was  at  the  vaoae  time  unlereu  for  the  use  of  that 
roynl  palnce.  AikI  an  a  further  eoooumgeDient  (to  prevent  odier*  from 
inaWiiiff  ilie  aame  »ort,  or  any  tmiUUion  ibereaf)  hia  lUKJeaty  has  amce  been 
gracitiiuly  pleac'd  to  graiil  him  )iU  tfr.ond  letters  patent,  tor  the  better  se- 
curing bi«  pniperty  in  t)ii«,  and  aevend  other  inventiona  Ibr  rwnng  «rater 
from  any  depili,  to  any  height  recjuired. 

"  The  large-It  engine  will  go  tbrouah  a  paasogc  about  three  foot  wide,  in 
r-ompletc  wording  order,  without  lakme  off  or  putting  on  nny  thing  :  and 
may  be  worked  with  ten  men  in  the  said  passage.  One  man  can  quickly 
ana  vritb  Cfue,  move  tlie  largest  size  about,  in  (he  compass  it  standi  in: 
and  u  to  be  play'd  without  rocking,  upon  any  uneven  ground,  witli  hnnds 
and  feet,  or  hands  only,  which  cfinnol  be-  parallel'd  by  any  other  sorl  whni- 
•never.  There  is  convenit-ncy  tor  above  twenty  men  to  apply  their  full 
strength,  and  yet  n'serrc  both  ends  of  thf*  ciwem  clear  from  in^nmhrance. 
that  others  at  the  same  time  may  be  pouring  in  water,  which  drains  ihrnugh 
large  copper  atrainers.  The  staves  that  are  fixed  thrnngh  the  leavers, 
along  the  ndes  of  the  engine,  for  the  men  to  work  by,  though  very  light, 
ta  alternate  motions  with  quirk  returns  require;  yet  will  not  sprmg  and 
lose  time  the  least :  but  the  iitavee  nf  such  engines  as  arc  wrought  at  the 
enda  of  the  riaiern,  will  spiing  or  brpak,  if  they  be  of  such  a  length  a«  is 
necessary  for  a  large  engine,  when  a  considerable  pnwcr  is  apply'd  :  and 
eHnnot  b<-  tix'd  fast,  Ijccsuse  they  must  at  hLI  times  be  taken  out  before 
that  eiijpne  can  go  through  a  piuiaage.  The  playitig  two  Htreanu  at  once, 
ilo  neither  isaiie  a  gmiiler  quaiility  of  water,  nor  ia  it  new,  or  so  nseful, 
there  having  been  nf  tlie  like  noil:  at  the  ateel-yard,  and  other  pUeee,  thirqr 
ar  forty  years ;  and  the  water  being  divided,  the  distance  and  force  are 
accordingly  leasen'd  thereby, 

"  Those  who  pretend  to  make  the  forcers  work  in  the  barrclB,  with  a  per- 

Eeiidicular  stroke,  without  rack,  wheels,  chains,  crank,  pully.  or  the  like, 
y  nny  kind  of  contrived  leavers,  or  circular  motion  whaUtoever,  with  1«h 
friction,  than  if  guided  and  work'd  by  wheel  and  chain*,  (which  of  all 
methods  is  the  best.)  do  only  discover  their  ignorance  ;  they  may  at  Kft* 
sonably  nrgue,  that  a  great  weight  can  be  dragg'd  upon  a  sledge,  with  u 
little  strength,  as  if  drawn  upon  wheels. 

**  As  tn  the  treddles.  on  which  the  mon  work  with  their  lect.  thore  ia  no 
method  9o  {xiwerful,  with  the  like  velnrity  or  cjuicknc^s,  and  more  tiatoral 
and  aafi^  for  the  men.  Great  iiUenipta  have  been  made  to  oxoved,  but  none 
yet  could  equal  this  sort;  the  fifth  size  nf  which  hath  play'd  above  the 
giuwhopper  upon  the  Royal  Exchange  ;  which  is  upwards  of  Glly-five 
yards  high,  and  thia  in  the  preeence  of  many  tJiuusand  spcctatora. 

"  Those  with  suction  feed  tiiem&elves  witli  waiur  from  a  canal,  pond, 
well,  ice  or  out  of  their  own  cisterns,  by  the  turn  of  a  cuck,  without  in- 
terrupting the  stream.  They  are  far  less  liable  to  disorder,  much  more 
durable  in  all  their  parts,  than  any  extant,  and  play  ofi' large  quantities  of 
water  to  a  gretii  dutoJicc,  eiilicr  from  the  engine,  or  a  leather  pipe,  or 
pipes  of  any  length  requir'd  ;  (tlie  screws  all  fitting  each  other.)  Thw  the 
cambfnorne  mjuirihig  eaginea,  ^rhich  take  up  four  Umea  mute  cwna,  t«ar 
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not  pffrfonn :  neitlter  do  tliey  throw  one  rmirtli  furt  of  tbrtr  WKtcr  i 
Km.  at  Ut«  like  flisuiiKos.  but  lotw  it  by  die  way:  nor  oui  Otey  lue  ~ 
pipe  with  ttitfin  to  much  aJvfuitage,  wbattrver  ncceiutily  Uieiv  uny 
U.     Tlie  fiv«  large  autet  go  upon  wlteels,  well  box'd  witb  bniii.  ntud 
Mrong  iron  aKle«,  and  the  othor  is  to  be  carried  like  k  cliur." 

Xo.  ISO  bt  a  vrrnr.nl  section  of  tb«  [ 
in  Newstiam'd  onginff.  wiib  tbe  ur 
between  them,  (uid  showing  *Uu  the  i 
And  ^h&ins  liy  which  motion  u  truwak 
from  the  levers  to  the  pl-ilon  rnd«,  «mI  iW 
liuter  preserved  it»  a  p»"t> 
The  rtiains  are  &iniiUr  t^< 
their  conatniclion.  <utd  the  U-n 
is  nqual  to  the  urc  of  one  dI    ' 
Four  ore  tised.  two  to  4>ach  sector.    Tikv 
mode  of  operation  u  in  thu  ntFinM-r    (>u 
yy  sl    crHi  uf  (I  chnin  iii  tftAtRned  to  ■■ 

^    )>i9lon  rod,  by  a  bolt  and  nut    < 
j  cd,  and  the  other  end  riveted 

extremity  of  the  •ocior;  «o  tli 
Utter  ia  turned  down  by  de, 
lover,  it  necoaaarily  dr»w«,  by  in. 
the  piston  down  with  it.    Another  ■ 
foAlcnod  in  the  iama  manTi«r  to  the  >iiwn 
pnrt  of  the  piston  rod,  (that  ia  abore  the  rv- 
MaiM.   t>t.u«.  Ml  ^...te*-.  E.«iM     Under,)  and    the   upper  oxtrcmity  oft 
•Actor.and  hence  whetithe  lever  is  elevated,  this  chain  raises  the  pistoD  wtio 
it.  Ho  pmbablv  derived  the  idea  of  t^us  working  tlirm  from  Ncwcfusoni 
mode  of  working  pumpa  by  the   atmospheric  steam-engine.     Th>'  kwm 
opening  ("clow  the  valves  in  the  above  figure,  is  where  thcr  sintinn  pip* 
ii  continued  to  the  hose,  shown  at  one  end  of  the  cjatem  m  the  nuxtl 


'^ 
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o.  151  is  an  external  vi«w  of  one  of  Nsn'sham'e  engines  at  Uio  dme 
death,  u  drtiwi)  hy  Mr.  Ltbel^ie,  ihe  engiiiorr  of  Woslminsier 
je,  and  iiuerted  hy  DeMiguUen  In  Uie  «4?concl  volunnf  of  his  Hbiloeo- 
phy,  in  1744.  lu  general  upptiarancH  is  f»r  inlvrior  lo  iDod«rn  ooee,  but 
ibe  easenti&l  |>art» — the  puinpa — wtrm  4»jual  lo  diuaa  now  used.  The 
Mn)0|f  iron  shaft  hy  which  the  pttbotu  were  raixvd  luitl  d*!'prvsscd  was 
eoDlinued  olons  the  tup  of  the  ctstem,  and  (o  it  tb«  Itrvors  wurv  tM:cured 
u  at  ureMrni ;  out  in  addition  to  th«  Ittvem,  xt^rtors,  like  ilios*?  timt  moved 
I  the  puitunii,  were  al.-ut  fiuiteiied  ro  it^portion»  of  two  uf  these  «rr  »howa  in' 
ilhe  cut.  UTid  there  wen*  two  other*  nmir  thw  upright  ruse :  tr>  tht-ir  upper 
IfNurta,  two  loiig  stri|Mi  of  plank,  or  trrtldla,  vtfiv  simpeiidi^d  \>y  short 
fehaina,  and  on  thew»  plankii,  aix  men,  who  sti;<>d  iiptm  the  cisti^ra  and 
Jield  hy  the  hand  rails,  alternately  threw  tlieir  weif^lit;  timt  on  the  tred* 
|dlc  pn  Dtio  side  of  tfae  carriage,  ard  then  oii  lite  other,  atul  tluis  aided  the 
jBremeu  at  the  levers  in  working  the  engine.  The  hox  or  tnmtrh,  xvith  a 
jRvte  wriibiu  it,  at  the  end  of  the  cistern,  was  fnr  the  uiirfiose  of  emptying 
iDUckets  of  water  to  supply  tlie  pumps,  when  tlie,  suction  pipe  {fi^irej  be- 
iknr  il)  WHS  not  used.  The  small  flnp  im  tlie  end  of  the  iipriglil  ca«e  co* 
|vercd  printed  direeticms  how  to  ui>«  and  keep  the  eii^iue  in  order. 

If  the  section,  No.  150,  he  compared  with  Rn^li»h  engines  in  previoiu 
use,  one  of  witich  is  tij^ured  at  No.  I-19,  it  will  he  seen  at  a  ^Innre  how 
l^reat  were  the  improveinentii  that  Newsham  inlroduced.  Iiideiiendendy 
of  the  three  moat  original  of  his  contrihulions^tlie  sectors  and  chaiiw— - 
,treddlc^— and  working  the  pumps  witli  long  staves  at  the  HiJes  of  tlie 
'eaiTiaffe  instead  of  short  ones  at  the  ends— the  whole  mae:)iiiie  was  ini- 
iproved  more  or  less  in  every  purt.  To  keep  the  cisu^rn  and  levers  us  low 
u  poisibtc,  the  carriage  was  placed  uii  bent  axlea.  He  introduced  and 
improved  the  three-way  c»ck.  and  the  guuse-nc-ck  wus  pi>HWu'd  in  his 
hand*  ;  the  eibowf  bi.>itig  joiuUtd  lo  t-acb  other  by  vury  £ne  scruws,  De- 
MguHon  thought  that  no  port  of  tlic  engine  could  hu  lutered  for  the  bet- 
ter. A  writer  in  ibe  London  Magazine  for  1763,  (ptgu  395,)  says  that 
Newaham  in  these  machines  gave  "  a  nobI'LT  prt'seut  to  Ids  coiuiiry  ilion 
if  he  had  added  provinces  to  Great  Britain."  Tlieir  luvriu  wcru  gene- 
Tally  acknowledged  :  he  received  orders  for  them  from  varioun  pans  of 
i£uropt>.  and  it  will  be  teen  in  a  subscquunt  part  of  this  chapior  that  those 
'  tintt  used  in  this  city  were  ntade  by  hini. 

,  The  celebmv  his  engines  acquired  hud  u  blighting  eflcci  on  other  nia- 
,<n«faoturer9 — liVe  Aaron's  rod  swallowini;  up  lUoin  of  his  competitors. 
His  enginec  were  purcbaaed  for  tLe  use  of  the  parishes  throughout  the 
country  generally,  and  also  by  Uiu  various  insurance  compunies,  wblch, 
■unhlte  ourt,  are  at  the  sole  expense  of  extinguishing  fires,  and  of  urovid- 
jing  the  means  lo  effect  iu  Every  insurance  company  ■»  Englitili  cities 
[]teaM  in  it'pit'y  >  number  of  iirenien  to  take  charge  uf  and  work  its  own 
jenginei.  Two  horses  are  attached  lu  each  engine  to  draw  it  to  and 
from  fire*.  The  height  of  the  jet  from  Newsham's  engines  was  about 
:fifty  leet.  He  mentions  in  hi«  circular  having  thrown  it  lo  an  clevuioD 
'  of JWyiVf M  yurdt,  but  tie  was  certaiidy  mistaken. 

Several  improvements  bare  beeu  made  in  English  fire-engines  linco 
..Newshom's  time,  but  they  are  diiefiy  confined  to  the  carriage,  and  to  de- 
tails and  arrangements  ofthe  various  parts.  Treddles  uv  dispensed  with, 
BJid  the  carriages  are  made  longer,  so  ttiat  a  greater  number  of  men  can 
he  employed  in  worl^ing  them.  They  resemble  American  engines  ao 
clotely,  lliai  a  separate  (igure  ofa  modern  English  engiuu  is  unnvccEsary. 
The  reader  is  therefore  reli>rred  lo  No.  1-51.  Others  on  the  principle  uf  the 
\-n>ury  pump,  (No.  J  40,  J  are  oJsu  ueud  U>  alinuloA  exunl  va\.aBAoih. 
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Tbe  followring  figun.'  of  «  imuIrM)  Prpiirii  firo-nu^pn*-  i-«  CnmT  !^.i  We- 
nmrf  tin  Fmuifvr  :  Paris,    I8'i9.      Jl    rrotLiiata  nf  two    C \  I 

veMel  a'rriingtHl  in  llie  unuml  'mdu'.     One  ul'  llir  punifts  ;> 

ohuxtber,  is  ihown  in  8««dnii,    Thi-  cUtuni  is  mure  {•li>vuif<) 
liah  or  Atncrirtui  mginKa,  and  tmm   tlii-  i;«>nM>queiit  hmglii  m   ■'.> 
woald  seem   xnnm   mtonvc nient  U»  In?  worked.     The   «uc6oii  [>  ; 
copper  witli  loUdngjiMiU!*.  mul  u  |Kirf(iratied  iiullow  likl)  at  U)<*  •Jxtn-'n" 
preveni  Jin   or  yrnvcl  t'nuii    i!iiti.Tiiit;  willi    tlic  wi»l#<r,      A  ohiin    liHtl' 
lube  CDoniicts  ihiK  pi|»'  wilh  iIid  Hiiction  cock.      Tlii«  xri^iiif   ■■  wuH( 
the  ends  of  thr  (.-urriiijJi;,  and  llii*  [tiaiton  nnU  une  coiinfitml  I"  t'lo  If vrr 
klings.  oml  tntidx  lo  ruu>  wnd  Pall  in  a  |>er)>i^ndicu]!ir  |HiHiiJ»n  l< 
jointfjd  lo  till!  upper  endu  uf  tbe  laiutr,  tiiid  Lo  perniuit'iil  pit  i 
JQCt  Erom  thv  fmuK!  liiat  tupporu  tbe  rulcmiu. 


Th.  n^    Moatars  French  rire^niia* 

Tito  elevation  uf  the  jtrt  dupendi!  upon  ilio  pressure  in  w! 
the  air  chuiiibLT  is  subjeoti>d;  ibu  elasticity  or  spnng  of  il. 
iiivorsel^r  uit  tbe  epnce  it  is  made  to  occupy,     BeJoro  a-' 
work  llie  ititorior  of  llic'chuiiilHT.  like  that  of  all  empty       _. 
vulgur  s(rltfei«n,)  m  filled  with  cotnmon  air,  of  Uiul  degr*^  «l'  (i. 
whicli  it  uppuitn  ttenr  (be  enrtJi's  surface  :   but  when  ill''  i>>-"<'-~   - 
work,  ihy  wnler  furced  by  tbem  into  iho  chanibor  crov  > 
dome  'jr  iii>per  piirt  of  ibiit  WMel,  wliciire  tJipni  t=  -^ 
cape;  lui-i.  us  tiie  lic{u'id  nirciimuIiitM,  Uio  iiir  i«  con  : 
until,  by  its  reA4-Uoii  on  the  surface  of  the  wiiitT,  it  'd 
iJio  jei  or  htw!  pi[H!,  nnd  wiih  n  fiirre  oxactly  i)r(i|' 
of  iiji   cuiopH'iunire.     Thus  if  da-  vnlumB  of  -•>■.  • 

pressed  intii  liiUf  iu  bulk,  thtr  jet  would  r'is:r  !<■ 
rwtxrded  hy  frictinn,  anirlcji  or  other   imjn  ■ 
were  tnade  to  oeoupy  om*  liiird  of  in   Iim 
tbrre  tini»!«  greater  llian  common  air,  and  wm. 
tlon  of  about  €4  or  6b  Caet. ;  atid  vo   on.     K.  mi.  . 
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\'-  rrUiion  hriw(»en  the  hM^hl  of  iijpt  and  the 

twrri  [ititilistlit-d.     It   is.  tiowevrr.  of-littip  iiso 

lU)  pr-uucii  (xujii.     Wii  iliiiibt  U"  0  ^c>lum^  of  water  of  the   ei«r  of  rhoso 

t)in*Ui'i)  hy  onixntry  pn^iic-*  coulil   he  raiwA  by  nny  mvnni),  two  liundrpd 

iSaei  kbove  lii«  uritiiv  o(  ihrr  pipe  whence  it  in«u»^<) :  thf<  rosietanco  of  the 

[■tSBosphcni  wouWl  iii«)>er9e  ii  befnre  ii  roiitif  n'sch  tbai  tleviitiim. 

HKUouTlha  IM*! 

,       .     2       - 
.      -     3       - 


a>—fc»r  «uW|iF J  Is 


t 


llel|lll  U>  mkirb 

1  itMld  ih* 

«*Mr  willfpoM. 
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Groat  a«  ara  tlio  adrantagcA  derived  ^m  air  chambers,  &ome  attestum 
tt)  thorn  u  rc-qiiin^d  m  ordt-r  to  securu  at  a]]  times  the  Iicnvfit  ihcy  am 
dnsi^tfd  lo  impart,  Wht-n  neglected  (and  wc  belierc  few  paru  of  an 
vdj^nc  cxerciap  ihc  attcnrion  ortiremon  less)  they  ofton  become  actually 
biJilriiMiii.  for  when  no  advantnp'  is  dorivrd  from  the  elostici^  of  the  coQ- 
tinfd  air,  the  water  ta  impeded  in  its  progress  bv  passing  through  them. 
Ufton  the  trtol  of  engines  it  sometimes  occurs  that  the  water  is  thrown 
higher  at  their  first  working  than  after  they  hare  been  a  few  minutM 
in  use,  and  thia  noln-ithstanding  all  the  efforts  of  the  firemen  to  make  the 
jet  reach  the  (irA  elevation.  This  reitnlt  has  sometimes  been  attributed  to 
&tigue  in  the  men— to  obstacles  in  the  pipea — to  grit  or  sand  under  the 
vnlves,  trr.  whereas  In  fact  it  was  often  due  to  the  air  vessel  atone  ;  t.  c 
In  ihe  escape  of  air  from  ir,  Thi*  ew^jw  may  be  occasioned  by  mi- 
nute leaks  ill  tlie  chamber,  hnt  when  no  such  imperfections  exist  the  air 
^qiienily  maken  its  exit,  fti>d  its  place  becomes  occupied  by  the  liquicL 
Wlienever  air  is  subjected  lo  great  pressiires  in  roninci  with  water,  tt  ic 
qtriekly  a^/sorlM^d  iiy  ihe  Utter,  and  in  this  way  it  ia  ihai  it  often  disappears 
tram  the  air  rhamtiera  of  fire-engines,  and  alao  from  those  of  pressure-en- 
gine*. Heron's  foiintain,  wnicr  rams,  &r..  When  a  lone  auction  hose  ia 
attaehrd  to  an  engine  and  itii*  latter  worked  at  a  mtMlentte  velocity,  a 
anfRcient  supply  of  air  In  n'plnee  that  taken  up  by  ihe  water,  cnmmnnly 
TOterv,  unknown  tn  the  firemen,  throngh  the  seams  and  joints;  but  when 
one  enftine  Is  fed  by  aiwUher  pouring  water  into  its  cistern,  there  is  little 
chance  liirthe  rc<|ni<>ite  supply  of  ntr,  nnleas  a  minute  opening  were  left 
in  ihe  riip  thai  screws  over  (he  orifice  of  the  suction  pipe,  at  one  end  of 
the  rnginc. 

The  suction  cocks  of  some  engines  diminish  their  nscful  effect  in  eon- 
ice  of  the  hole*  through  the  plugs  bcTng  smaller  than  other  paa- 
for  Hie  Wrtfer 

Mim  in  modem  fire-engines  is  an  improved  mode  of 
wi"  <<r,' 12  wt-   remarked   that  experimental   researchea 

bavr  fhown  the  Uknfni  etrnct  of  a  man  working  a  ptimp,  in  the  ordinary 
\ritv  yr'tth  n  lever,  lo  tie  tifly  ptfr  cfqi  less  (hoii  when  ho  turns  a  erauk ; 
and  thai:  w.'ien  1ii«  strength  is  upplied  as  in  tlie  act  of  rowing,  tha  efloct  ia 

kriv  ottr  handrrrd  anil  filly  per  cent  more  than  in  moving  a  pump  lever. 
T%}f  ia  sufficient  to  induce  eflTorls  to  supersede  the  present  mode  of  work- 
le  puinpa  of  fim-engioes,  and  paxticalvW  ao,  u  t\ie  AiOtnit  \a  ao  ftb' 
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ven-  tlifti  few  can  eDndnuc  tt  above-  a  nmiuie  or  two  at  a  timi*^  wln^ 
rttin^f  iir»nu>ii  (ire  not  rendy,  buililings  oo  fire  arc  Ipft   to  fal«.     The  ji» 
or  coricurtslona  produced   by  the  vjolcai  contact  of  the  lever*  with 
tftrlcA  of  the  carriage  at  every  stroke.  U  a   soureo  uf  wanlc  of  firtffi 
witrgy,  aiid   Waal  of  miiiormiiy  in   their  inovoraeBW  when  at   wotfc, 
aiiutlier.     In  l)ie  i!9th  voL  of  t)tc  London  Mocbamca'  Maga>ui«,  a  oatni 
vuiice  w  iIoKribctl  tor  (liimuiiJiing  liic  shot^Iu  consequent  on   the  conHflt^ 
of  liK>  lt;vun»  wilii  the  carnage.  Il  couauIji  of  thro«  spiral  spriiigi  encloted 
in  cyliiulrical  cawn  seotuwl  on  each  side  oftbo  carrUgv  ;   pads  rest  on  iht 
springs  and  prujocl  above  eachcaM:',  and  upon  them  liie  tevera  strike  wW 

Iiullud  down.  JJlocks  of  caoutchouc  were  previously  triod,  but  ihc  *;,-■ 
ence  of  the  blows  soon  renJerod  tbat  material  uselew.  The  vcljaij 
with  which  engines  are  sometimes  worked  aUo  occasions  a  uaeless  eipcM 
diture  of  their  strengtlt ;  we  hiivc  seen  some  drawing  wu4er  throuj^h  Wf* 
suction  pipes,  anj  tlie  pumps  worked  so  quickly  that  the  water  certaiid^ 
hod  not  time  to  pass  ihroU)^  the  hose  and^  the  cylinder*,  ore  thd  pit- 
tons  began  to  deBcend. 

[fsomo  DHide  of  making  the  carriage  immovable,  and  the  pumps  mn 
worked  by  long  cranks  on  e«ch  mde,  the  Bremen  could  not  only  tmhtn 
fifty  j>er  cent  more  labor,  but  they  could  doit  with  less  exertttw,  ud 
consequently  endure  it  lunger.  A  modttication  of  (he  plan  odopWil  a 
the  Vpres  engine,  )>agi-  3i5,  would  be  still  more  rSective;  in  aJililMi 
to  which  rupeti  might  l>e  attached  to  the  bars,  and  any  number  ol  sp«eta>" 
tors  could  then  assist. 

[f  we  review  the  progrttss  of  hre^ngioee  in  modem  times,  front  At 
simple  syringv  to  the  splendid  machines  nf  the  presi-nt  day,  we  sbaU  bi 
Uiat  every  important  improvement  in  the  apparatus  for  nuaintf  the 
wan  a  nearer  approach  to  I  he  engine  described  by  Heron.  PrevicMB 
the  IGtJi  century,  Kynnges  or  lopiirts  onlv  were  in  use,  and  not  tilii 
Spiritalin  had  l>een  Iraitslated  and  jmnteu  do  we  meet  with  the  appb 
tion  of  pumps.  At  first  a  Kiiigle  working  cylinder  was  employed,  sad  i 
piston  moved  by  a  uiif^ht  lover  as  in  No.  144;  thf^n  two  cylindun.n^ 
woiked  by  a  sepamie  lever,  were   united  to  one   iji-- '  ■    _  ,      — ;,i* 

(lie  double  lever,  its  figured  liy  H»?ron,  by  which  on    ■ 

of  the  pistons,  and  a  more  efficient  applirjitton  of  the  InfL--  ■.mu.vjrj  \m 
Mcured  ;  then  the  goose-neck,  aUi>  iu<;nli<uie<l  by  Hemo-^'ind  hstlv.  (^ 
air  vessel  made  its  appearance.     If  t)ie  bvnutifol  miil  ph^l'  l  o'c 

^ast  mentioned,  be,  as  some  pertuiia  have  mppuced,  u  tiL< 
why  is  It  that  oh  one  has  ever  ro»e  up  to  claim  it  f     iw  n- 
mission  that  it  was  derived  directly  from  t)ie  Spiriulia.  oi' 
description  of  the  machine  of  Ctesibiu*  1     To  the  aiictent«^  liien,  Wti 
indebted  for   the  most  valuable  features  in  uur  fire-«>igim.*s.  and  it  ii 
unreasonable  to  conclude  liiat  those  used  iji  uncieui  Eg>'pt  uid  old  Rvol 
were  as  effective  as  ours.    If  they  were  iKit,  it  i*  verj'  Mn*'^"-  '■""  U--""! 
should   have  hit  upon  that  constmcliou  of  tliem  uxl  tlmi 
their  parts,  which  we  have  only  acijujred   after  m  oentut^v  >|'i.-i»   u>  >»- 
pnrimeDta. 

Of  \»ur  yean  "  sTeam  fir»«ngine3"  have  been  intnKlue«d  with  nOH 
in  some  paru  of  Europe  :  a  atnall  horizontal  steam-engine  with  tt«  hdllib 
being  arranged  on  the  .carriage  of  the  fire-engine.    One  largo  {tun^t  eyJbt- 
der  only  is  used,  and  iu  ]>i8ton  and  ihat  of  tlie  steam  eylin'li^r  nr>*  muchwl. 
to  the  same  n»d.     Mr,  UniithMTute,  a  Lon^'  -     - 

the  first  who  made  one  ofiheifl  i"«rhir^<', 
and  a  half  iiichrs  diameter,    - 
/breed  ihniugh  an  ajuU^e  ut  . 
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fwt.  Thn  om*  ■  ;*      ;  i      i!io  ftppamttis  into  play  from  ihr.  irmmcnt 
iting  ihf"  fuel,  w  :!  n  miniitrs.     When  nti  ilnrm  ni'  lirr  w*a 

lh*»  fiii'l  wiukinihttt  1.1. .1  ot-lloWEnlUchi-d  to  ihi*  engine  vicrr  work- 
hand.  When  the  htirai'-i  were  btimrfwed  to  draff  iJie  marliinc  (n 
■he  Hrr,  iht'  U-llowa  were  workc«i  by  the  moiran  of  the  whe<*l*.  (Scti 
Lnndon  Mir  Im  ii  s'  Mitgiiziiic  lor  1S3I(,  antl  in  volume  nviii,  fi>r  1&32, 
tb^n^  U  li  (iRftrri]>tion  of  om-  niadr  liy  Mr.  R,  for  ihr  Pnifistiin 

Ejnvcmiii       ,       ■  ^  desired  lo  prolccl  liie  jiulili^  buildings  uC  Br-rlin.) 

One  or  iwonl'  thcM^  inatrhines  on  an  tnt|)rov«l  pUu  liy  Mr.  EricMon, 
Lre  ociw  h«!ng  t-oiislruclcd  in  this  city. 

FtRB- £.<«((: MRS  IN  Amkrici.— The  nrsi  u*«  of  firt^cnginoa  ia  an  Impor^ 
lani  er^nl  tti  tuty  coantry,  And  may  b<;  e-onsidervd  ns  con^timting  ttn  epoch 
Lht!  liintory  nf  iu  useful  mechanism :  moreover,  wherever  ihcy  are  made, 
te  ti  certain  dcgrve  of  reftnemcnt  in  civiliz»t>on  luid  nu  ad- 
te  at  th«  mechanic  arts.  To  their  introduction  into  this  eonli- 
ure  hitftoriana  may,  nnd  prohnbly  >till,  have  rceoufHe  for  diMa  rr&- 
pt^ling  the  *lMv  of  aoiriety  in  llie  early  days  <t\  tlw  ri'piibhr,  and  the  still 
rarli'-r  timrs  during  which  ihc  country  wb«  subject  toKunipu;  for  lite 
cinniinslancpq  which  precede,  anci  evenltially  lead  to  the  niloptinn  of  lirp- 
mginm,  inv»rini>ly  r>>Hect  lighr.  on  thp  mnnners  and  cuHtotns,  the  nnlice  and 
«)ther  mtiniripal  rt^giilalions  of  the  times,  as  well  as  on  many  of  the  arta, 
psnicularly  those  toiiTwctpd  with  kviltHng.  The  lolloM-ing  retracts  from 
otficial  rrrnrds  in  the  clerk's  otlice,  respecting  their  introdiirlinn  mto  the 

nnf  New-Yorfc,  will  be  found  to  illastrate  some  of  the  above  remarlcft, 
t  dors  nut  appear  that  either  B<]uirta  or  eneines  were  used  during  the 
time  the  city  remained  in  possession  of  its  tonitders  ;  viz  ;  from  A.  D. 
16ti  lo  1664.  The  volmnc  of  Dutch  records  preser^'ed  in  the  clerk's  of- 
Rce,  to  which  wo  referred,  page  299.  conuins  several  enactments  relating 
ti)  fires  and  lire  wardens,  but  no  mention  is  made  of  instruments  for  exiin- 
Buiihing  fin-a  until  16iS*,  when  ladders,  hooks  and  buckets  wt-n'  ordered 
nviu  Holland.  Ae  these  records  have  never  been  printed,  a  few  extracts 
from  the  "Ordinances  of  the  I>irector-Oenernl  and  the  Counril  of  ilic  New 
Neiherlniids."  will  be  acceptable  to  most  renderv.  The  first  nne  is  dated 
Umy  i^y,  1647 ;  it  oonnol,  perhaps,  l»c  strictly  considered  an  relaied  to  nur 

Kct,  alihough  it  wiis  designed  to  remove  a  friiiiful  source  of  tires,  via  : 
ietif.  Uii  rh«  ^ove  date  the  Uireclor-Creueral.  Peinu  Stityvfiiatt, 
imuikI  »  procUnioliim,  addressed  to  ceruini  of"  the  inhabitants  "  who  are  in 
ibe  hahit  of  getting  drunk,  of  (iiiarrelling,  fighting,  and  of  smiting  oach 
Mhor  on  the  Lord's  day  of  rest,  nf  wfaicK  on  the  last  iJtmday,  we  mir- 
Mtlvei  witnessed  the  painful  scenes."  It  appenrs  from  this  and  otlier 
edteu  to  the  some  cfect,  that  the  governor  lum  considerable  difficulty  in 
kemiing  a  pnrtjon  of  bis  people  sober:  and  fn)tn  foltowing  a  practice  wfiicli 
be  oenminces  aa  the  "  dangemits,  injiinotu,  and  damnnbic  selling,  giving; 
not,  and  dealing  out,  winca,  beers,  and  ardent  Eptriia  to  the  Indians  nr  na- 
ttvcaofthis  IiukI." 

Anorher  proclamniion  is  more  to  nor  purpose.  "  WAerroM  it.  has  rnme 
K^  (hf  kn.-^ledgE  of  his  excellency,  the  Direcior-GeiMfnU  of  New  No- 
»h«v  imcnn,  &c.  and  of  the  lalnnds  of  ihesame,  and  their  Kxrcllen- 

w  ;^ictllnrs.  that  certain  rareless  pnninna  an-  in  rhe  habit  of  ner- 

\cf-.  in  their rhimnies  byswe^piTig,  and  payin^tio  nuention  to  their 

fir<--  ':y  lately  firps  fiave  ormrrcd  in  two  houses;  and  wbrrcaa  the 

(iaiipjr  n»'  hre  ia  greater  as  the  mnnbcr  of  houses  increases  here  in  New- 
Ansierdam';  and  whrrreaa  the  greater  number  of  fhem  are  hnilt  of  wood 
and  are  eoTerod  with  4<ceds,  together  with  the  fiirt  that  sotnB  nf  the  hoii.iea 
wnodan  ehimnias.  wliirh  are  very  daogerout:     TVuere^on , Vvj  ^V« 
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prompt  nn<)  exceUenl  Din>eIor4^minil  uiil  Uunr  limiDor*  tiic  C' 
U  hoH  licoa  (iLtrmed  udvualilu  luid  tiigblj  uicuBiiirv  Lu  look  into  dim  nil- 
u«r,  find  ^ivy  do  hcn>Liy  urdoiu,  (.'nuct,  Bod  inunlict,  thu  from  tlsii  Qw 
fnnli  Dti  wimdcd  ur  plnuod  chitniiiua  sKall  be  pcrnmUL'J,  .  .  .  TbuM  tlrMii)J 
■uthlmg  shall  bo  ponnitUKl  tu  nmuio  during  ilia  good  uleunrs  of  wt 

fin  wanlau Aa  o(h*n  as  any  duminM  ibaU  b«  duconrad  u>  k 

foul,  lli<!  tin*  wardcru  aforvsiiiJ  nhall  rondtiimi  tjiem  as  foul,  umI  lb*  mi 
shall  iminL-diaLi>(y.  and  vrirhmit  nny  ^ivaaying,  pny  die  fin'*  nf  dsw 
guildHrti.  tor  vacli  chimsfy  ihua  canuc-innud  aa  Ibul ;  to  i»'  :  'wi  v 

Uio  inaiiilciiancu  otfire  laddrrt,  Uookt,  and  bnckfta ;   whi*  ■'  pfv 

Tidml  and  pntcun-d  [irum  Hi)llun[l)  ihu  Km  opnortutiity.  Ami  m  01*^ 
bettM  of  uiiy  pL't-Hon  titinll  he  burned,  or  he  011  hn*,  vidier  thmu^h  iiu  o 
DegJi^Bnctr,  or  hia  own  fire,  ba  shall  bt-  muli:u>d  in  the  potnlty  oi'  t 
firr  gvUSen,  u>  be  apprupriaicd  as  aTdrEsiud.  Thus  dona,  pASKd  fuid 
Usbtn]  aL  Kort  AmHiunlnin,  ihis  23d  day  of  JanuorTi  1648." 

This  unlinantMi   ilut^s   iiM  appear  u>  have  {iruducod  (Imj  doind 
sinro  a  aimilur  00c  was  publt-ihed  in  Soplpmber  of  the  same  year,     llifi 
hruary  Ittdti  arrarho r  was  imiod.  by  which  the  &n*  u'wdctis  vnm  diiretKJ 
Miabflsh  sudi  penatliL-^  fur  chitnnevs  or  hntupa  ttdu'ti  tire  "  as  t^t  btjm 
ctmotig  the  auMnu  of  our  Fath^and."  Ac  the  clow  of  the  folUmriai;^ 
the  tue  o4'  6i[uirte  ur  coginos  docs  not  appear  lo  have  occnrred  to  the  iii*- 
bitaiiu,  a  circtimstancc  from  which  it  may  be  tnforred  that  aaoh  madma 
were  At  that  rimo  liitle  osod  in  Holland,  and  this  nlm  appcani  xrom  u  it- 
lusion  tM  T.hi>  prartir«  rtf  quonehtng  iires  there,  in  a  proclamation  pnAtho- 
ing'  wnodni)  nhimiiey^,  Hng  roofs,  «&     "  In  all  well  regnliued  oiiiei  vA 
oorporalioiu,  it  U  cnnnmnry  that  fire  buckctit.  laddsn  and  book«,  an  » 
rruMXaeim  itx  the  cnmi.>r9  of  the  streets,  and  in  puhBo  bouaesr  for  the  tine  d 
need.     (Here  \s  no  mention  of  ongii>e«,  alibou^h  the  intmimenu  asedii 
Holland  are  obvioiwly  alluded   to.]     The  Direcioi^Gflneml  and  the  tarn 
cillors  do   nrdstn  and   nutborizR  in  these   premises,  the  hur|i^maJTen  n 
chis  city,  cither  personally  or  hy  tlieir  treasurer,  promptly  m  rlemaod  \if 
overy  honso,  whether  small  or  larite,  <me  brarer,  or  ei^ht  (^lilHen  in  tar 
want,  acoordine  to  the  esmblished  priee;  for  the  purpose  of  ordfrring  jraa> 
the  rercnae  of  the  same,  by  Ute  first  opportunity,  jran  FatherUnd,  twt> 
kundrtd  andfifip  kalhrrjire  hiu-keU;  and  out  of  the  aurplua,  to  bar*  niad^' 
soRip,^r  ladd^t  i^niijtre  fii>okji :  and  in  addition  to  this,  once  *  yav,  1^^ 
demaiid  for  evi-rv  chimney,  one  guilder  for  th«  support  and  mainlSMBC^^ 
of  the  same.     Thus  dune  in  the  sesnoii  of  the  direetor-general  and  coniK^ 
cillor*,  hold  in  the  fort  of  Amsterdam,  In  New  Nelherlaods,  cbis  16(b 
of  Deeemt-er.  A.  L>.  1657." 

After  N'ew  Netherlands   beeome  a  Briii^h  pro%'ince,  loniitar 
rontiniied  to  be  enacted  till   the  year  I  i.'il,  when  two  of  Ne\^ 
gines  were  ordered  from  London.     Thewwere  pmbably  the  first  A 
gines  used  onthif  continent.     The  following  extraou  are  fi-Din  the 
nutes  of  the  common  council. 

"  At  a  common  council  held  the  16th  day  of  February  1670-7,  tn 
i?aM    ifrar  of  Charltt  II.  Ordered  that  all  and  erery  person  and 
that  hnn-  any  of  the  city's  ladders,  buckets  or  hooks  in  their  bisodj 
custody,  (bnnwith  bring  the  samu  iinin  the  OT»yi>r,  aa  they  will  answer 
ootitmry  at  their  peril. '     The  same  dale  some  wells  weru  anlcn-d  to 
tnmdti  "for  the   public  good  of  the   city,"  amunir  which  was 
aeainHt  Vouleff  Johnson's  ilio  butcher;  and  another  m  Mu- 
Mr.  Vondikc's."      "  At  a  eummoti   e-xineil    held    \hn  \'>v. 
1683,  in  fht  .TfiM  '  ■'  -,1^  H.  o 

■ladtt  for  hnoks,  l>-  -.ui>>e^>. 
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thin  fhj*  «ity,  for  ftvoydiag  cbe  pt^ril  ©r  fire,"  No  meotioD  U  here  tnade  of 
r  ill  tlie  iwxi  cxlrnrt,  when'in  ihw  M*aiil  oriii>clnuni.'nM  to  qucncb 
■'tiallv  rclVrrvd  ri>,  "  Feb.  28,  16wj ;  Whf  ptia*  grtat  (fiunngca 
<?  iwwu  doiwj  by  fire  in  tliu  ciiy,  '>v  n>aAun  there  were  nol  iimtnuncnu 
ju«>iicti  tliB  Mfiie.  1 1  i»  ordiTtil  thai  every  inhaUuml  withui  lim  ciiy 
4rb«Me  dwelliiig  huiue  lus  two  cbimnioa  eball  provide  one  Imckel  for  its 
»*o  t  and  L'very  house  having  iiioru  Uja>n  iwo  heanlia,  shall  have  two 
l"*ckrHt"  Every  brewer  win  to  pruvid*?  six,  hihI  every  Iwker  thn-p  baclt- 
undcr  a  penalty  of  nx  obillingv  for  every  buckci  ordered.  "  January, 
> :  Ordered  ibut  there  ix  sppointod  five  Breui  mastrra  for  dip  citv  of 
*^-Vofk.  as  follows:  Peier  Adolf,  Derek  V'anderbrink,  Derek  Ten 
'^yW,  Jacob  Bork'n,  Tobias  Sioutcnburt^h  ;  and  that  tivc  Imldora  ba  iruulo 
***  len'c  upon  occfisii>ti  of  fire,  wiih  auflioiuni  books  thenilo." 

ffavviiiiMir  10,  1695  :   Every  dwellintr  in   ihe  city  was  to  bo  provided 
*^lb  enp  or  more  buckets   hy  Nww-Yeara  day.     The  tenants  werfl  to 
Provide  ihera  for  iht;  bouses  ihey  occupied,  and  the  cob!  io  I*  dednricd 
'frun  ihe  rent.     Every  brewer  wa*  a^in  ordered  to  procure  for  his  pre- 
'BUi-»  MX,  and  every  bnker   ihree,     SovL'rnl   buckets  wore  lost,  and  ihf 
!"-l.;ic  crier  waa  directe<l  in  pive  oolice.     These  "  orders"  do  not  appt^ar 
I'    (i.ivo  Iwen   implicidy  nlteyed,  for  ihey  were  frequently  repeated,  and 
ID  Niivemiier    1703,  a  jie.iialty  wa»  atlsched  for  noncompliance.  "  Ocio* 
twr  1,  1706 :  Ordered  ihat  Alderman  Vanderburgh  do  provide   for  ibe 
public  ih»e  of  this  eity,  ei^ht  taddem  and  two  Arc  hooks,  and  poles  of  stlcb 
lengtJj  and  dimoDsions  aa  be  shall  Judge  lo  lie  convenient,  to  be  usod  in 
CUV  i>f  fire."     November  20.  1716,  a  oommiit^'e  wa«  appointed  "  to  pro- 
ride  a  ■ufbi:i«Dl  number  of  laddcm  and   hookt*  for  th«  public  use  of  this 
city  in  case  of  Hre."     In  Novemlter  1730.  rinB-BNciNES  are  first   men- 
tioned.    On  the  IScfa  of  that  month  among  otiier  proviitions  rmieted  for 
ths  prevcnlioa  and  cxooguuhment  of  tires,  one  a  in  the  fblbiwing  word«: 
"And  Im'  it  tirdaiiiM  by  ifae  authoriiy  aforeaaid,  tbnr  f(inh\n|}i  provision 
I     bm  made  for  hooks,  ladncra  and  burkets.  and  nRR-F-NoiKKN,  to  \».<  kept  in 
^^fctventenc  pUce«  within  live  city  for  avoiding  the  peril  of  fire."      At  the 
^^fcne  lime  the  inhabilonta  wore  again  directed  lo  provide  arid  keep  bucket* 
*ia  that  houses.     It  docs  not  appear  thai  any  active  measures  to  procure 
the  engines  were  tnkim  till  the  next  yr-ar,  for  under  the  dale  of  May  6, 
I73L.  the  common  council  "  Rcaolved  that,  this  coriKirariDn  do  with  all 
convenient  sptHx)  proeurr  ttt^t  oompUse  firr-engitirM,  vtitA  atictiou  ami  ail 
matrriata  theramto  Monging,  for  the  public  sfrnW:  tJiat  tkr  ttzea  fJicrv^ 
bt  thefimnh  and  nxtk  lisa  ^  Mr.  Knot/iam't  Jire-mffoira  :  and  diat  Mr. 
Uayiir,  Aldennaa  Crugirr,  Alderman  Rutgers  aiid  Alderman  Kuosevctt, 
or  any  three  of  them,  t>e  a  committee  to  agnv  with  some  proper  merriiant 
or  merehasts  to  «^nd  to  I<ondon  for  the  aanie  bv  the  nrtii  conveyance, 
sad  report  unun  what  terns  the  said  fire-engiiws,  etc  will  be  delivered  to 
tins  corpdfiition." 

On  tbfl  12M  ofJune  the  crimmittee   reported  thai  rhe  engines  could  be 
imporled  at  an  advance   of  120  per  ccni  on   the  itivuice:  and   ihey  were 
oroered  accordingly.     They  -teem  to  have  arrived  about  the   Uf  of  De- 
irmier,  for  on  ibuiday.a  room  in  tbe  City  Hall  was  ordered  to  be  finied  up 
"for  securing  ilie  fire-eiigim'H."     (Jn  the  Hr/i  of  DfcrniLer  a  rVimniittee 
sf  two  was  appointed  "to  have  the  fire-eii^nea  rleaned  nnd  lUft-  leathers 
oiled  and  put  into  luixen,  that   the   name  may  lie  Hi    for  immj^di»<<^   use." 
ZiKii,irAi  '2,1,  1732,  Tbe  mayor  and  four  members  of  the  cv^Jun  were   M- 
imploy  persona  in  put  the  fire-engines  in  good^hrder,  himI  also 
.    ..iih  pmper  persona  to  look  sfier  and  take  care  -5f  ^1,^  same.     H 
-1  tksi  Anthony  Lamb  wat  the  IJrst  superiivteiuici   ^^  'Kt«-Ui.^'^'*^* 
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for  on  t}ieS4/A  ofjtnatarif  17^5,  the  nuvor  wns  ordiirod  "  Uitt<*'--  ^ '-  ■" 
rantt'j  (hetren^urer  in  pn.y  Mr.  Anlhony  Lamb.avQreevrof  tlw  t 
or  urdurt  tlip  suin  of  tlir<-e  jMiuaJs,  current  munov  of  tliit  coSl'i.v  .  n;  p  J 
uf  urM!  ipiuoer  of  a  year's  smlary,  duo  ami  vnding  Uw  lirst  iiutunl."    (^ 
thf>  aune  date  a  committee  was  uppuinlcd  \a  employ  workmcrn  "  to  pv' 
tlieiu   in  f^ood   rppair,  and   ihni   they  have  full  jiowcr  to  agn-t>  wilh  WJ 
punon  \.r  jit-r^nOB  by  tlie  year,  lo  keep  llie    suine  in  HtK-li  giMfd  pliglit,  fv- 
jialr  and  cnndttiun,  and  u>  pluy  i^mt  same  u  ofti-u  as  dieru  i^iJl  be  uccatMm 
upon  nny  eracrgency." 

wl/Ti/  m.  1736.  "  A  convenient  houim  [wbs  ordered]  ui  be  nii'i*'  ro" 
fUDiis  lu  the  watch- liouae  in  the  Brwul  stn^el  for  securing  and  \^<  ■ 
4iD  tire-ifugines  of  the  city."     This  seems  lo  have  been  thi:  i     ' 
house,     May  L,  173G.    JarrobuB  Turk,  u  guiumilh,  wu  appoiii'<   ' 
cbRTf^e  Dftiiv  lire-engiw^s  and  to  keep  them  in  n'lioir  ui  ha  o^^Il  i-in 
a  Bulary  uf  ti>a  putitidb  current   mtniey.     Mr  Turk  umlertook  du 
next  yeur  fo  ma^c  un  fngint,  for  May  15,  1737,  tbe  common  co 
dcrccT  (he  satn  of  ten  pounds  to  be  advanced  "  in  ihe  Mid  JKcobus> 
to  enable  liim  to  go  on  with  finishing  a  small  fire-engint)  be  ii 
an  experiment  i"  probably  the  firM  made  in  AmRrina. 

Nocfmber  4.  1737.     The  common  council  drew  up  a  petition  to  ibo  Ifr 
gistature  to  enaiiln  the  corporation  "  to  appoint  fniir-ana -twenty  able  \» 
died  men.  inhabitaflta  within  ihU  city,  whoanall  be  railed  the jfrmaai of  ifcii 
city,  to  work  and  play  the  6re-«nf^neH  within  liie  onme,  upnn  all  occmum 
and  emergencies,  when  they  ahall  be  Uiereiinlo  retjuired  by  the  ovrrwo 
of  the  said  engines,  or  the  msgisimea  of  the  said  inty  :  and   that  tlin  w^ 
Bremen  as  a  reeomneri.'ie  and  reward   for  thai  service,  may  by  theaua* 
law  be  cxcu9ed  and  exempted  Irnm  being  elected  and  eervtng  in  the  dA* 
of  a  constable,  or  being  enlisted,  or  doing  any  duty  in  the  militia  reptncaiu 
troop,  or  companies,  in  the  said  city,  or  doin^  any  duty  in  any  of  the  aaJ^ 
offices  during  their  continuance  as  firemen  aforcftiiid."     This  law  wa^ 
paaaed  bv  the  assembly  in  September  following.and  tJu>  du^  of  firemen 
lined.     The  next  notice  of  engines  occurs  ten  ycara  afterwurda,  in  ~~ 
1748,  when  ihu  corpomtion  "  ordered  that  one  of  iha  fire-engined  of 
city,  of  [be  tmmd  size,  be  removed  to  Montgomnry'i  Word  of  ihia 
near  Mr.  Hardcnbrooks;  and  that  a  shed  he  built  thereabouts  at  the  ol 
of  liiia  eorporaLion  for   the  securing  and  keeping  the  same."     By 
tppoftrs  that  flovorai  engines  besides  the  two  nriginni  one«  wire  tlien 
use.     The  one  just  tuuncd  woji  a  different  sixe  (much  xmalli'r)  rltiui 
first  ordered,     ll  is  uncertain  whether  tlie  additional  one*  wore 

Mr.  Turk,  but  probalily  iiot,  sinee  both  large  and  amflll  i>n»*n  wnre  u| 

from  London  tor  acveral  years  after  thta  date.  From  the  fullowifig  ev 
tract  wc  find  that  scveml  of  the  large  fire-engines  (the  sixth  iti*i'  itf  Net** 
sham)  belonged  to  the  city.  Fehmurff  gS,  174^,  "Ordered  liiai  Mi  ~ 
Vaiihou5un(l  and  Mr.  Provost  do  take  care  to  gel  a  sufficient  hoiiw! 
for  one  nfUu  lofgt.  firt-tng't»ft,  to  be  kept  jn  some  part  of  \\mw\%yr  cuoi 
at  the  cxjHinBe  of  this  corporation,  and  that  diere  oe  •  mnveni4>iic«. 
therein  for  hanging  fifty  buckets :  and  also  ordered  llwt  tlier»  h«  oi '' 
dred  ncn^  fire  baekeU  nude  for  the  lua  of  Uiifl  CArpomtian  with 
venicni  ^'pwd." 

May  8.\753.  "  Ordered  tliat  Jacob  Turk  have  lilieriy  tn  pu. 
small  A/vvi^iHC  truMfif/j  fur  the  use  of  this  corpomtion,"  t,  c,  f 
pose  <if  -  '  "        ..11  dnrinfr  r.nnnAgmtioiuL    Jvar  :;( 

"One  bi  II    ilo.  and  two    bmul    do."  wttfv" 

lo    he    prui;uiud\ir:i:;.  I..i(rfJoii,     JiuVy  84,  176L    Mr.  Tur^ 
Undiog  the  nngitWs  for  tWttnrf>fiT«  ^<«ars,  wu  auyuraf 
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Stontonlrargti,  who  was  directed  to  take  charge  of  ihetiD  at  »  nliu^  of 
Ulirtr  nntinds ;  and  "  (ho  lals  nvenip^r,  Mr.  Jncnbui  Turk,  ['ivao  ordered 
to)  drlivrtr  up  lo  the  Koid  Janibu*  Stotituahurgh,  the  said  sorpral  firemen- 
gkt»c*."  NovrmJirr  I',).  1762.  The  liremrjn  wrero  dinnaicd  lo  wear  leather 
capt  when  on  dutv.  May  7,  1772.  An  rngiiie  wax  ordorod  to  he  pro- 
ridf<d  Tnr  tbr  Out 'ward.  Jviy  10,  1772.  "  Ald^rniun  Gauttor  laid  before 
this  board  an  arconij(  titlbe  coat  of  two  firi'M-ngimra  )Milongin|j;  to  ThotnoB 
Ttllier:  anil  Aldcmtan  Gaallur  is  reiiurvtnJ  tn  purcliuiftt  iLp  «unio,"  Sep- 
tembrr  9,  1772.  A  rotomittc«t  wax  auth'triKKd  "to  purchaae  om  other  fire- 
oogiiK-  of  David  Hunt."  Thr  thre^*  eiigiiit^s  la»t  iiimod  were  probably 
(riim  England,  fur  at  thv  tiiur  thes«  niachiuea  were  in  the  list  of  orduiBty 
impnrlml  t»anulsrlttn?ii. 

it  u  not  ini]ii>«sil>lr  that  soiiie  eiigii>ei<  wr-rv  miult^  in  Ma»ncha«ottaiUxnit 
tba  lin»e  of  tho  Kevolutioiwry  war.  In  CicuAjtr  1707,  ihe  peoplci  of  Boa- 
ton,  trritahnl  l>y  (h«  exactioni  «ih)  dirtguKt*-d  wiili  tht^  parasttvv  of  mo- 
ULTch^*,  d«*termintxl  in  a  town  nwt-iing  ty  tt^as**  importing  from  iht?  31st  of 
DrcwiDlKT  following,  >iuni«mua  artitlfs  of  Brituh  manufacturp,  among 
which  wer«  euiuiu-niti'J  anchoni,  niiiU,  pewter-ware,  clothing,  hats,  car- 
fiagos.  cordage,  riiniiiure,  aud  fire-engiita.  And  iu  March  1768,  the  As- 
tembl)-  reaotved,  "  Uiat  this  house  will,  by  all  prudent,  menus,  undoavour 

10  discountenance  tlie  use  of  fa^)f;D  superfluities,  and  to  cucourage  the 
manuEictures  of  iliis  pnxvince ;"  hence  it  is  reasoiuible  lo  suppose  that  en- 
sioe*  either  had  been.'or  then  could  be  mode  in  die  province;  otberwtie 

11  is  ucn.  likelv  Oiat  iheir  iroporiation  would  have  been  denounced.  As 
an  uricle  of  trade  tliey  were,  from  the  limited  number  required,  tmiguifi- 
caiit^they  had  no  connection  with  luxury  ;  and  no  far  from  being  "  su- 
nerduities,"  they  were  necessary  to  protect  the  property  of  ilie  ptntplo 
fronn  destnictioD^diey  would  tnerefore  be  nmong  the  last  thing*  that  a 
}>eople  would  cease  to  import  while  unable  lo  make  them. 

It  wa«  not  till  several  years  afier  the  close  of  (he  struggle  tor  indepen- 
dence thai  tirc-enginss  were  ntade  in   this  and  some  other  cities.     They 
hitv«.  however,  long  been   mado  here   and   in  Philadelphia,  Boston,  bic. 
^tnall  etiginefl  were  formerly  used,  but  they  have  gradually  disappeared, 
f%]ie  manu^rturers  cnntining  themselves  priiKipally  to  the  largest.  Tltc  usu 
r  buckets  has  also  been  discontinued  on  account  of  the  extensive  applica- 
>f  hose.     Village  engines  are  nunietimes  conslnicted  with  siugte  cy- 
ifiders  and  double  upline,  but  being  more-  liuble  u^  derangtrnienl,  they  atv 
n   extensively  used.     Itotary  engines   are  »lsn   made   ui   houic  parts  of 
cv«'-Kngland,  on  the  princijite  of  Dnuinih  and  DickerMon's  pumps,  (No. 
mS.)      As  ordinary  fire-engines  are   merely  forcing  puuipx,  arranged  in 
vmrria^o  and  furnished  witJi  flexible  pi])es;  it  is  not  to  be  supposed  chat 
«ny  radical  imjiruvemeul  upon  them   can   be  effected.     The  pump  itaelf 
as,  perhaps,  not  capable  of  any  DBaberial  change  for  the  better;  and  it  ia  at 
nrvsent  essentially  the  moe  u  when  used  by  Clesibius  and  Heron  in 
£gypt,  twenty  centuries  ago:  hence  fire-engines,  since  hose  pipes  and  air 
«liaiiuiere  were  introduced,  have  differed  from  each  other  cluefly  in   the 
carnages  and   in   tlie  arrangement  and  dimensions  of  the  ptaupv^os  the 
poMDon  of  the  cylinders,  modes  of  working  the  pistons,  bore  and  direction 
of  the  passages  for   iJie  water,  Ace.     In  ihese  respecta  there  is  not   much 
diflenmcQ  between  European  and  American  engines;  nor  in  the  varieties 
of  ibu  laU4.T.     Those  made  in  Philadelphia   rather  resemble  French  and 
Gcrmaa  engines,  in  working  the  pumps  at   die  ends  of  the  coj'nagesi  and 
without  the   >i*cit»rs  and  chains;  while  New-York  engines  are  precisely 
dw  same  as  NcwshaiD'*,  hodi  in  the  arrangement  of  the  pujt^  and  inadiB 
of  Vktirking  thirm,  with  the  exception  of  treddtes,  wbicb  aie  UM.  vmA. 
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Vo.  IM  rtpmcttU  an  «xwnpil  vitnr  cf  •  Phi)twWf4ti«   aifij^nv ;, j 
pnmpB  Mid  air  tvsiel  mf     -  V      i    n     . 

ooDnifclPiJ  ditectij  lo  tl.- 

bandlcn  or  «tav«t.  Anu'..  "t  '  i  mi-'ii  »Uiiiil  up<jti  v  u- li  ■  . 
work.  lh«  eiigiiio  hv  the  s:  i>  f  fif.irusl  to  l)u.-m,  while  "  !■ 
apply  their  nrength  lo  the  anivpa  u  tbp  oxtremitie*  oi  ibe  lever.  ^Ot 
9tare»  turn  upon  studs  u  tbe  venuv  of  thv  ccxisi  ban,  and  wben  put 
operation,  full  into  clups  that  main  them  in  tbuir  places.  Pro\ 
is  mode  to  coave^  iho  etrcaii)  cither  frotn  the  lower  or  from  dia 
part  of  the  air  rbntnbor.  Hom  compktiics  supply  the  engines  vrnb 
Tbe  tiromon,  as  in  all  Ainanciui  ctut-s,  ara  voluntuors  and  gcnentll, 
nst  of  young  tritd<!smuii  and  lucrcbants'  ulorks.  'to.  Th*fy  art?  oxnag 
from  militiii  and  Jury  duty.  E«ch  mrmlwr  pays  a  certain  aiitn  un  a 
admUvHin,  and  ii  «iiiall  iinnual  Kul>ecnpdon.  A  finr  is  a]*o  itnpoevd  ttpw 
any  otm  apmfanng  on  duly  without  hiii  np|irnpr:nii'  drees  [sci  n^pin*  in  tla 
cut)  a»  wi'll  for  Inriiif;  absenL  A  ^nvr<-iii»  spirit,  d  n«'alry  t-xiAs  asK<ii[( 
llu*  difftfreut  coiupaur«8,  wbicb  induces  ihcra  u>  keep  their  eogtnoe  la  t 
liigti  ataic  oi  wuriucg  ordur. 


r 
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No.  164  exhtbiu  a  New-York  engine.     The  pump  eyMnden  arc  ai- 
rang»l  and  worlcod   precifwiy  u  shown  in  the  section  No.  150.     T) 
■re  nx  and  a  half  inchi<.s  tliatneior,  and  the  pi«ions  hava  a  stroke  of  nil 
iiKbes.     Previous  to  che  (iirmation  of  hose  componin,  r  i  'i 
provided  with  a  reel  nf  hoM*;  thie,  when  not  in  u»v,  wi 
eaae  of  vamiflhrd  cloih  or  leather.     Mom  of  tbe  onfpn(.-r- 
wliich  arc  cnrrird  ok  shown  in  the  cut.  Tlie  Btreatn  of  w  <■  i 

Qikerj  fwiHi  the  top  of  the  air  chamhers.  which  reaetnh" 
Tht4  pmcrirr  iii  had.  Ii<-i:uii«il-  in  mrtst  ca^oit  that  p-iri 
the  goo«e-nerk  and  x)>i-  fire  ilo»c'_'iida  Ui  the  tptniud,  ." 
■o  the  pipe  i»  iinni-sv**.irily  diverted  from  iu  courM>  ... 
dimiiintinn  nffffrc.i  in  the  result.    In  aJI  caMis  the  host?  Imd  tH<tii.T  l> 
Dflctivl  to  the  brtttom  of  ih«  air  eliunber,  or  co  it«  ^di-  near  Uic  houori 
M  in  Nm.  148,  ISZ,  l&S.     Veiy  long  obambon  (u  Uio  one  in  Ko.  U 
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tJM  iKue  of  iW  tiqifiil  mora  tliu)  oUicn  vhirh  disclukrKc  it  frorn 
top,  fiocurijip   ili)^  M-uiiT  ImK  14  liiy^KftiA   in  ihcm   nt-arly  pcrpcodicn- 
rljr  In  riiier  iliit  nnficM  of  tlie  pipe,  uul  Its  direcrioo  is  Ulba  precisdj' 
rwo/,  (or  it  has  Id  rise  pf^qiunaicalarly  in.  order  to  eBca|M. 


L 


In  rxteunr  dffrwmiiiin  Amfriimn  cngiiN-n  ar**  prtttmbly  unri»'aled :  die 
llTVtTirn  i;ik>>  nni]>*  in  iimninrtiting  thrir  rr«)rr[ivt?  macluneii,  and  bencC 
ni'  1  tra  finiNticd  in  thr  moul  unix-rli  ami  •■xjwiuiive  maniior.  Tlie 

wrj  1'   imn  work.  «i<epl  iJic  tin-  oltlie  wliPeU,  la  frHqueiitiy  plated 

Wtlh  wfvcr;  i-vorv  part,  inrrrwd  ol'  iinvi'  i*  Iirmi^'lit  U>  llitr  lii^licnl  pnliidi ; 
and  wktl*  nit  ilii-  wiK»d  WDrk,  inrlading  ibe  wliMfU.  ij  eli-^nntly  |>iiiiit«<t 
Mid  mttjtjit,  iImi  Imckx,  fnintfl,  and  pmiKU  i>f  the  r:».'>e  t)ml  vrtcloiim  the 
ur  clinmlivr  and  pump*,  urc  «rnriciin>d  with  li'urtuncid  utiil  erableinadcal 
paiattntr«  and  mrvvil  work,  by  lti«  Bm  artists. 

A  now  iirgiinizxtion  of  iliu  lire  dvpartninnl  of  K«w>York  hu  long;  been 
in  oinlvnipliitiiiti,  nnd  th«  project  oi  a  Uw  to  thai  t^flccl,  is  at  lliis  time 
under  tbv  (.-onvid^ruiun  of  lJi«  kgialature  of  the  aiaU:,  and  of  the  oorpo- 
rvlion  »f  ihc  cily. 

'Vhe  mcMt  valuable  coituibutioii  of  Americao  mpchanidanB  to  the  means 
of  eJCtinguiibtng  Sm  i*  the  nw/«d  hose.  invent«<l  by  SL-llore  and  Pennock 
of  Pbiladelpbiii.  It  iit  too  well  kimwri  >>oih  here  mid  in  Euron©  to  re- 
quire pkrticular  descripticn.  No  raodeni  apparntus  is  compldp  without  iL 

The  Mecbaoic*'  Imuiuie  of  New-York  nfler»d  a  gold  medal  (in  January 
1840y  for  llie  ben  plan  of  a  S/oiiw  fire-encinu.  The  piiblicalion  of  th« 
DDCice  wt*  very  lijiiiied,  aud  hiil  rwo  or  fhrop  plans  wrn.-  sent  in.  Of 
tbofltf,  one  by  Sir.  firicswin,  n  Kurfipean  engineer  now  in  this  country,  re- 
ceived tJie  prize.  No.  155  wpreaents  a  view  of  the  t-nginp.  No.  Ifi6  ft 
|o(>..>i'>i<tirK>l  *orrlon  of  the  boiler,  steam  en^ne,  pump,  nir  vcsbpI  iind  blow- 
iTl  4.    Nn.  lj)7,  jitftii.    No.  168,  a  transverse  section  of  the  boiler 

til  .■.,^.~....  1   Mram  chamber.     No.  153,  tho  it*ver  or  handle 

fi'  I'paruuiH  bv  hand.    I'be  following  is  tbo  itiTeD- 

N  u  Milt  tjie  same  lettur*  of  reference  denote  iIm  nme 


■urea. 
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"A  the  flouble  acting  force  pnmp.rAflt  of  ^n  metal,  firmly  aecomlioi 
corringiR  frame  W  four  alron^  hrarkrtA  cast  on  its  ndr&.  a,  a,  ^a 
valvci.  a'.  a\  onctuin  pftssages  loadine  to  dte  cyltulcr.  a",  Cbu 
containing  the  auction  viilvos,  and  to  whicn  chamber  are  contusetcd  «ciiH 
pipes  a'",  a'",  to  which  the  hoao  is  aiLached  hy  screws  in  the  luual  mfr 
ner,  and  dowJ  by  the  ordinary  screw  rap.  The  deliroring  vtlvn  tak 
peuagea  at  the  tup  of  tlie  cylinder  ore  simiiar  to  those  just  inaiiiiomid. 


B  thrt  tur  venel,  of  a  globular  form,  made  of  copper,     h  h  deliwf^ 

pipe*,  to  whlrh  the  prrwurr  hose  is  attnched  :  when  only  iitte  j<.>t  is  iw 

qnimd,  the  op[>nMite   pipe  may  Ik-  <;losvd  by  a  ccrcw  coji.  as  usual.     Tta 

platnit  nr  hiirki-t  of  tltr  lorct>  ymny  tu  W  yTtni\iWl  <Ktltv  ikiuhle  laager 

fttckiag:  fcupped  hwHlin"\  **"•  pvalon  tod  Ui  \i«  tiuAr -dl  cayyu. 


I  ("  a  box  nUnrhcd  lit  i-nii  of  boiler,  inclosing  tlie  crit  of  the  tubes.  The 
en  sir  from  ilir-  tiib<*i>  n^ceivctj  by  this  box  u  puued  off  tJtrough  smoke 
ipe  c"'.  which  i«  cnrririi  thwiugli  D  D,  milking  u.  half  9i>iml  turn  rautMl 
be  air  xent^  in  tbc  form  .if  a  serpent,  c*,  iron  brackeu  rivelfd  to  the 
jiler,  «H(1  Imltt^J  \o  tjie  carriage  fraroo.  e*,  a  wrought  iron  «av,  al«i 
^  CO  the  carriage  (rume,  fbr»tip[><>rtitigOi«^iomonU\'^«nof  >}(mO 
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"E,A  eylindric*!  box  attached  to  the  tnporthe  BWam  rhambcf,! 
mg  B  conical  mcari  valve  e,  and  aUn  salctv  v&lve  e'.  «"  terew  «4 
tiuidlo  connected  to  die  flteam  ralve,  for  admitting  or  shutting  off  llir  smn 
«"'  induction  pipe,  for  conveying  the  «toan)  to 

F,  the  Heam  cvlindor,  provided  unch  steam  paasigea  and  slide  rtlrrtl 
the  usual  construction,  and  secured  to  the  carriage  frame  in  the  boiik  Bo- 
ner a«  the  force  pump.  y*Bducdon  pipe,  for  carrying  ofTlbc  sieam  i«o<bt 
ataioiphere.  J^  Fiaion,  provided  with  metalltc  packing,  on  Bvu'i 
plan.  f".  Piston  rod  of  ne«l,  attached  to  ibe  piston  rod  of  the  ftm 
pump  by  moanx  of 

G.  a  orosahcad  uf  wrouglit  imn,  into  which  both  pictOB  rods  ars  iummi 
and  secured  by  koys.  g,  TiLppct  rod  attached  to  the  crosshead,  for  mov- 
ing the  slide  vbJto  of  the  siuam  cylinder  by  mcana  of  nuta  ^,  ^,  wliicb 
maj  be  placed  at  any  position  an  the  tappet  rod. 

H.  Spindle  of  wrou^t  iron,  working  in  two  bearing  attaohed  tod» 
cover  uf  ihi.*  sicam  cylinder,  the  tine  end  thereof  having  fixt.'d  tii  tu  \ 
a  lever,  iiiuved  or  struck  ultimulely  by  the  null  ^,  ^.  h'  %  luver,  fixed  u 
tho  middle  part  of  the  spindle  H.  fur  moving  the  steam  valve  rod. 

I.  Force  pump  for  supplying  the  builcr.  constructed  witJi  v^a&n 
valves  on  the  ordinary  plan  ;  thfi  suction  Mpe  thereof  to  eommonieilf 
with  the  valve  chamlwr  of  the  water  cylinder,  and  the  delivering  pipe  la 
be  connected  to  the  horisonlal  purl  of  tho  boiler,  i.  Plunger  of  force  imo|i^ 
to  be  made  of  gun  metal  or  copper,  and  attached  to  the  croashead  6. 

J.  Blowing  apparatus,  cottsistiiig  of  a  square  wooden  box,  with  put- 
eled  sides,  in  which  is  made  lo  work  a  square  piston  j,  made  of  wm, 
joined  to  the  eidos  of  said  box  by  leather,  y.  Circular  boles  or  openiap 
tI)rou!i;:h  the  sides,  for  admitting  atmospheric  air  into  the  box ;  these  hwi 
being  covered  on  the  inside  by  pieces  of  leather  or  India  rubber  elotbn 
act  as  valves.  /',  are  simitar  holes  through  the  top  of  the  box,  for  piirif 
off  the  air  iit  each  stroke  of  the  piston,  into 

K.  Reccivi5r  or  regulator,  which  has  a  movable  top  h,  tnade  of  wool 
joined  by  leather  to  the  upper  pnrt  nf  the  box  ;  a  thin  sheet  of  lead  to  b* 
attached  thereto,  for  keeping  up  a  certain  compression  of  air  in  the  ren- 
later.  U^  Itox  or  passage  made  of  sheet  iron,  attached  to  the  blowiif 
apparatus,  aod  liaving  an  open  communication  with  the  regulator  at  I"; 
to  tiiis  pojoage  is  connected  a  conducting  pipe,  as  marked  by  doited  Una 
io  Nu.  i,fd,  for  conveying  the  air  iram  the  receiver  into  the  a>sh  pan,  aDder 
the  furnace  of  tlie  boiler  at  k" ;  this  conducting  pipe  passes  alon^  the  ia- 
side  of  the  carnage  frame  on  either  side. 

L,  L.  Two  parallel  iron  rode,  to  which  the  ptMon  of  the  blowing  ap- 
paratus is  atucbed  :  these  rods  work  through  guide  brasses  /,  I.  and  thsy 
may  be  attached  to  the  cnnshead  O,  by  keys  at  I',  V.  The  holes  at  tat 
eiuu  of  the  erossbead  for  admitting  these  rods  are  sufficiently  large  to  al- 
low a  free  moveuunt  whenever  it  la  desirable  to  work  the  blowing  appsr 
ratua  iDdejwndently  of  the  engine. 

M.  i^pmdle  of  wrought  iron,  placed  transversely,  and  working  in  iw* 
bearinp  bxed  under  the  carriage  frame :  to  thiii  spindle  are  fiiced  two 
crank  levers  m,  m,  which  by  means  of  two  connecting  mds  m'  m',  give 
motion  to  liiu  piston  nxia  L,  L,  by  inserting  the  hooks  m",  hi",  into  tha 
eyes  at  the  end^  of  the  said  piston  rods. 

N.     Crank  lever,  Bxod  at  the  end  of  tpiiuUe  M,  which  by  means 

O.     Crank  pin,  fixed  in  tlic  carriage  wheel,  and  also 

P,     Connecting  rod,  will  communicate  motion  to  the  blowing  appara- 
fDB,  wheouvor  tlie  carriage  is  tu  mauon,  and  the  a.bove  ^uta  <totj 
oected. 
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"A  pin  a  it  fisix)  m  U>varN,  placed  at  lucb  ilisUace  &om  iIm  cantrr  of 
ibdlf  M,  thftt  it  will  Kt  tlir  hole  n'  vf  thn  lever  aknwii  in  No.  160.  whilst 

nctiiTfjt  tbo  end  of  the  spitidle  M.  Wheucvei-  the  blowio^  Hppknitua 
bt  he  worked  hy  th«  engine  or  by  numual  forc^,  the  co»uecUnf(  rod  P 
Mikl  Im*  dftAche*]  by  tnfaiui  of  the  lock  at^.  llie  carmf^e  framv  klinuld 

fbulr  of  oak,  uid  pivled  with  iron  all  over  ihc  ont^ide  uid  ton  ;  the 
pplntu  Co  It&vn  sfnxll  rfr«»ai'a,  U>  meet  the  hrsckcta  of  Uie  c>,  tiiiUvrv,  ui 
DWTq  in  ibu  dntwiiii;.  The  lock  of  liiti  carriiige,  axlei,  oiid  opriu^M  In  be 
luleu  tisuaJ,  only  ditronn^  )>y  Ii&ving  the  large  springs  suapendi-cl  Muw 
n*x\K.  Thtf  carringi-  wlie«la  to  be  constructed  on  the  suapt'iixioti  pnn- 
|l<it< ;  spiikt*tf  uiid  rim  tu  be  iniuli!  of  wrought  iron,  and  v^ry  tight. 

Ti-^  pnijci|Mil  ol>i<:n-l  uf  a  steam  tire-ecgine  being  ihat  of  not  defending 
I  Ilia  [M^wtT  or  diligecioe  of  a  hirjte  uumber  of  men,  one  ur  two  horaea 
4>tM  slway*  bff  kept  ill  an  adjoining  stable  for  its  transporlalion.  Th« 
wirrntH  .ind  Hum*  shotdd  be  kepi  very  clean,  wiOi  dry  shavings,  woud  aiHl 
tkc,  can^fully  laid  in  the  furnace  ready  for  ignifion  ;  and  a  torch  should 
wiy«  b«  at  band  to  iguitv  tJie  fuel  at  a  tnomeni's  notice.  To  this  fire* 
iciae  rstabUshment  iho  word  of  lire  should  be  given,  without  iiilurmc- 
uc  ordors:  ihc  horses  being  put  to,  the  rod  attacked  connecting  ibe  car- 
Ige  whiifl  to  tJie  bellowo,  and  the  fuel  ignited,  the  engine  may  oo  all  or> 
lory  ocoaciona  be  at  iu  deMiuacioa,  and  tn  fall  operation  in  ten  miautos." 

Anempts  to  fuperpede  fire-engines  were  forn»erJy  common.  Zachary 
vj\  a  nid  10  be  die  firat  who,  in  modem  times,  devised  a  substitute, 
la  oonnsted  of  a  clove  wooden  vessel  or  barrel,  containing  a  considern- 
IquaaDlv  of  water,  and  in  the  cencre  a  small  iron  or  tin  case  full  of  gun- 
*Jer;  fraio  this  caee  a  tube  was  continued  through  the  side  or  head  of 
liburelt  aiid  waa  Uled  with  a  composition  that  readily  ignited.  When 
bwD  was  oa  fire,  one  of  these  ntachmes  was  thrown  or  conveyed  into 
knd  the  powder  exploding  dispersed  thn  wnior  in  the  outer  case  in 
tr^  directiiiu,  and  instantly  extinguished  the  flames  although  raging 
ih  violence  a  moment  before.  In  1733,  OtMlfrtrv,  an  Knglish  chemist, 
tied  this  device,  and  impregnaU'd  the  water  witii  on  "  ontiphloKiitic" 
Wtaace.     He  named  his  machines  "water  bombs."     In  the  year  1734, 

States  of  kJwedeu  offered  a  premium  of  twenty  thousand  cmwiis  lor  the 
(invention  of  stopping  the  progress  of  fires;  upon  which  M.  Fuches,  a 
rman  chemist,  introduced  an  apparatus  of  the  same  kind.  Similar  de- 
cs have  been  brought  forward  in  mure  recent  days;  but  aitor  making 
miss  for  a  time,  they  have  passed  into  oblivioo.  (See  London  Mags- 
c  for  1760  and  1761.) 

luumg  the  devices  of  modem  tira"!B  for  securing  boildiDgi  from  fire,  may 
mentioned  the  plan  of  Ur.  tloloe.  of  covering  the  floors  with  a  layer 
urth ;  and  that  adoptod  by  UaHcy  in  1775,  of  nailing  over  JMMa,  Boon, 
rs*  partttKms,  Sea.  sheet  iron  ur  tin  plate.  To  increase  the  uSoet  of 
i^ngines,  the  auOior  of  this  work  duvised  in  1817,  andntii  in  practicw 
('■tenon.  New  Jersey,  in  lS<iO,  tlie  plan  of  fixing  perforated  coppar 
t*  aver  or  along  liie  ccilini^  of  each  floor  of  a  factory  or  other  build- 
i,  atid  comiecting  thorn  with  others  oti  the  outside,  or  at  a  short  dia* 
m  from  Uie  wall*,  so  that  tliu  hose  of  a  fire-engine  could  be  rea- 
r  imttMl  by  screws;  but  tlie  pka  had  been  previously  developed  by  Sir 

Cangrevc.  li  hoa  rucvntly  been  brought  before  the  public  a*  a  new 
Dotiaa. 

)f  tlic-  aamnroiu  Firt  Kte^ea  iliai  Itave  been  brought  forward  in  modem 
c*,  di«  greaif^r  p»n  are  such  <a  were  employed  by  the  ancients  to  scale 
ufad  tu  «ntur  lunreasOT,  Stc.  in  tiutet  of  war.     It  is  iiuloed  ubvuuu 
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thmt  the  suDc  devices  by  which  penoiii  euieird  buildine*.  wn*M  dm^ 
Bwor  ibe  puqios«  of  (rscuuing  (ruin  tlwro  :  and  h'  ' 
tbeoncienlB  wwuxerviM.'(i  tu  dwiBiii^  inevn*  to  h*  < 
oxccodiogly  natarai  duil  iiioJern  iiiventura  Rhoul<J  kiit    ': 
vnacea  la  aflbot  tJiu  oUiur.     In  thu  cuu  to  tlie  otd  G>'i 
Vusreiioe,  to  wtiidi  wu  lisve  so  often  referred,  there  ure  laiiiirra' 
aiul  k-athvr,  in  gruat  vuricty,  with  hooks  iit  the  ends  which  whed 
by  hnnd  or  in  i^'umtio,  wore  ileisigned  to  catch  hold  oi'the  csonnn  niJ 
oftlie  wtdU  or  vriiido«'8 — folding  hidden  of  wood  nnd  meal,  miuo 
sisting  ortiumpcoua  piece*  ecrewed  into  each  other  hy  the  pcnon 
ing,  nil  he  reached  the  refluired  «levBtioii ;  orhers  with  r""  — ■ 
upper  endi  to  faciliuie  their  elevaiina  hy  reanntt  them  t.^  ■ 
of  die  wiUls — baiikeLs  or  Qheolfl  cnntiuning  sei'eriu  penmn*  mit-ii  [■'■' 
dicularly  on  a  movable  frame  hy  means  of  a  screw  Iwlovv,  ihnt  (w 
oat  several  hullow  framea  or  liilies  comoined  vitiiin  pnch  other,  hkn 
of  n  telescope,  whose  udUoiI  length   reiicbed  to  thv  top  of  the  pi 
tacked — <Htmeti[iiefl  the   men   were  elevated  iu    a  bwkci    sua 

the  long  end  of  a  lorer  or  awape.  Several  cnmlmiatiotM  of  the 

or  jointed  paf«llal  bam  ore  oJsn  figured — one  of  thnsir  moved  on  i 
riagc  roieca  a  loroe  box  containing  soldiers,  and  '\m  idenural  wtiii  ■ 
(ucapc  described  m  voliuno  xxxi  of  the  Tnuuiootioia  of  the  liondon 
cic'iy  of  Arts. 

Anciontly  iho  autbore  of  ucctdentol  Bros  wen.-  puniiihed  in  pro[ 
to  iho  degree  uf  negligence  that  occasioned  ihrm  :  iumI  ihev  worv 
polled  to  repair  to  tht-  extfint  of  [heir  iDefuit,  ihv  damugu  uoat  iv 
neighbors.     A  law  uf  tliis  kind  woa  iustJtuted  by  Hu«<w.  prvbudr 
imitiaiua  of  a  similur  oni.-  in  force  aiuong  thv  Egyptians.     Other  pi 
tivii  mcwunis  ouiiatsLod  in  the  oMubiialimciit  of  watohtnet),  wh 
wmt  to  arre«t  ihtevci'  and  ii)cctidiarie»,  and  to  give  alarm  in 
From  the  earliest  day«.  those  wlio  denigiiedly  fired  hiii'  ' 
death.     A  very  ancient  custom  which  relttteil  to  tlie  }' 
ts  still   partially  kept  up  in  £uropc,  although  the  dwigu  ol   tt^ 
ia  olmou  forgotten,  viz  :   the  ringiogof  town  hells  atHiiit  "i^ht 
the  evening,  fi»  a  signal  Tor  llie  mbobiloufa   to  |iiit  out    ' 
togedier  ilte  Src  on  iheir  hearths,  and  cover  il  with  an  n  <ii 

i.(wrfetc;  a  corruption  of  annnrejeu,  and  hence  the  eveiung  pool  bMMfl^ 
known  as  ''the  curfew  IwU/*  It  has  been  suppoM?d  that  ibe  etuauii  ort^ 
nated  with  William  Uie  Conqueror,  hut  ii  prevailed  over  Europe  lonp  b** 
fore  his  time,  atid  was  a  verv  bannticial  nne,  not  only  in  connuitly  roinifi^ 
ing  the  people  to  giuu<d  against  fire,  but  indicating  to  them  the  usual  dtf^ 
ofretiring  in  rest ;  for  neilber  clocks  nor  watches  were  thnn   known,  o^H 
in  the  abdimco  of  ibe  sun  they  bad  no  device  for  meaauving  limt^.  Alfr^H 
the  CrreoL,  whn  mE>a5ured    time   by  candles,*   ordered   the  inhabitmtila  ^ 
Oxford  lo  covrr  rjicir  tires  on  tbe  nnging  of  tlie  bell  at  carfax  rvery  tiigbr^ 
The  instrument  was  mado  of  iron  or  cupper.     Its  geoerol  form  may  b^ 
undeniood  by  suppofiing  a  comtnon  catddron  turned  upsnde  down  anc 
divided  perpendicularly  through  tlie  centre;  one  half  beinc  furnishiHl  wi' 
a  handle  riveted  lo  ii  would  Ui  a  couvrc  fou.      When  uw^d  ii  wib  pi 
over  the  adhpii  with  the  open   -lide  cloeu  to  tbe  back  of  the  hearth.     (See' 
Diet.  Trevnux:   Wnne's  Every  Day  Hook,  vol.  x.  243,  uid  Shokecpeonr'a- 
Romeo  and  Juliet  Act  ir,  soeno  4.^ 

In  the  thirteenth  year  of  Bdwiird  I.  (A.  D.  1986,)  an  act  w&b  ii«aM.d 

•  In  8kafc««peare'i  pkj  of  RidMnl  IU.  aci  v.  <wea«  3,  ihor*  b  «  mfsmirs  •■ 

nsna  ofa  iMtci  i«  Himb  cbimNm.  The;  war*  inarfcml  ii>  mmmim,  in»r!i  nTwUtch  s 

Cun  tioM)  ui  Uuiiiiig,  oiul  ttiaa  nwHirail  lbs  boon  dariiii  Ui«  night  orcUiitil}  u>.:.i>ifi 
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adisries,  and  night  watchnten  were  ordered  to  be  appointed 
own  and  city.  Iti  1429  snothor  act  declared,  "If  any  tiirealcn 
;  billj  to  burn  a  lioime,  ff  numty  be  not  laid  m  a  eertain  pl^ce. 
Id  bum  tiic  hou«o,  sucli  burning  shall  be  adjud);ed  high  tre«- 
«4ys  that  repilalioiie  respeciing-  firca  were  insmotod  in 
rt  in  H50.  In  1468  straw  thatch -n-aa  forbidden,  and  m  1474 
tMifi  wcr«  |ircihtbtlcd.  Tlie  6rst  general  order  respecting  fires  in 
are  datz-i}  \!t2\,  those  fiir  Dresden  in  1529,  and  there  is  odc  res* 
biiildtngii  in  Augsburg,  dated  1447.  The  following  preamble  to  an 
■t!  in  ihe  37th  yeiir  of  Henry  Vllt.  by  which  those  found  gitiltj  of 
■  V  imtfmtcil,  were  to  suffer  "the  puns  of  death,"  is  interestinj^  in 
than  one.  "  Where  divers  and  sundry  malicious  and  eiivi- 
i»n,  being  men  of  evil  perrerse  dispositions,  and  seduced  by  the 
in  nf  the  devil,  ami  minding  the  hurt,  undoing  and  irapororish- 
divcni  nf  the  kings  true  and  faidiful  fiuhjecCs,  us  enemies  to  the 
vreiJth  of  diis  reidm.  and  as  no  true  and  obedient  subjL-cts  unto 
»  majestj,  «f  their  malieioiis  and  wicked  minds,  have  of  late  in- 
and  pmrtum!  n  new  damnable  kind  of  vice,  displeasure  and 
ug  iif  ihi!  kinga  true  ciibjucts  and  th«  commonwealth  of  thia 
\  in  secret  burning  of  frame*  of  timber,  prepared  and  made  by  the 
hereof,  ready  to  liv  set  up  an<l  ediRed  for  houses  :  cutting  out  tA 
d  dams  of  [iooIh,  motes,  slews  and  several  waters  :  cutting  of 
jfad«,  or  omlml-pipes  :  burning  of  wiiins  and  rsrla  Inaden  witJi 
other  good):  burning  of  heap*  of  wood,  rut,  felled  nnd  prepared 
coals  :  cutting  out  of  iHUiKts  toiigui-s  :  culling  off  the  ears  of 
aubjeeis  :  barking  nf  apple  tree*,  jM-nr  tree*,  and  ntJter  fniit 
divert  other  like  kinds  ul  iniftendile  off<-[ici*a,  lo  the  gntal  dis* 
'Almighty  God  and  of  tiie  kings  majeaty,"  &:c.     (Sutules  at 

le  of  arson  was  rife   in  old  Rome,  and  it  is  singular  that  tho 

inishing  those  found  guilty  of  it,  is  among  the  nuioemuM  nncicnt 

it  have   been  retained  by  Roman  Cathohca  in   their  religioua 

The  tumira  motala  of  the  Romans  wa*  a  garment  mada  of 

uc,  or  low,  and   smeared  with   pitch,  bitumen  or  wax,  \a  which 

lies  were  burnt ;  and  hence  arose  the  peculiar  dress  worn  by  tlie 

D  those  horrible,  those  demoniacal  "  Acu  of  faith  !"  the  Akfo  da 

n,  Spanish,  and  Portuguese  in<juisitioQs,  (to  which  the  Keij«« 

and  other  parts  of  England  may  b«  added,)  acta,  in  which 

^  fjiisrice  WB«  completely  rerersed^the  sufferers  being  ilie  inno- 

tifae  coun  and  judges  Uie  real  criminals. 
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CHAPTER    IX. 


Punms  BPMm>  XXIMmA  ippll«»iH-Jlr»  a*ll««iim<t  of  fUua||  Mid  iMaf  »«*ai 
piiBi|M— Tirn  kiDib  nfiimnrr  csfiKo— fUloa   pt>an»  ■■(taii  dnullMd  bj  flKAt— fn«BW  of 
OoM  KilHkir—ABnikar  by  Wnifvtb—nnlHa  (>"«•■"■  ni>rt>>''>— TknMi  •t4MUl  •■a**l«a4>  Wof) 
Ita  <•«>■«  •■  ■  Bu*i«f  attilt— Vditrty  of  ■|>|>lKattHM  of  •»«««■  m4  crlMMlM — CiMM*  tt  lb*  MM 
b«iB(  Itnonx  mt  ibk  >uaM  *agui»— ito««i  of  m*ktnf  toipniwawti  ■■  iIm  «»■— f  alMw.  RU  VbaM 
iad  Aifciar^lu^riisiHr*  en(tnr>  ini(ht  ban  hoen  MJMktpiMi,  w4  tllH«bb  !•■■•«■■  M  Si 
dvrtral    f»aa   •   tlia'-nUifJ   pmsp — ArcbioHtH— llr/nB*)  Kn«iDUHH-IVfi»lil«  obm    rw" 
fla«w Gtrdta*  wJ  Ui*i'tn(-too«n,  iu  b«lv<»kir— Tb«lr  lAivaUu*  riv*  HmM*  B«*clHiwrii' 
Ik  fln(4n«»— TrfMara  rarlB*  it  Cbmulu— AwxIiRr  wodlfcailM  •/  lbf«'*  fiHoukii— «(Unl  fi^  ^ 
of  Wiru. 

PkcsscRk  b»oimk»,  naiTMyl  by  tli«  Frcineh  Motkint*  A  nUn»e  t&m, 
form  tui  interwl'mir  variety  mI"  hytlrtulic  devirca  bplnnpm;  m  the  pnMB 
di^Taion  of  the  auhjt-ct.  Tliov  <.'Oi>»Ut  orwi»rhmg  cvlimlt^r*  uiii  nhw 
aiid  putons,  aiid  rt*stfmlil*'  forciDg  piimpii  in  titeir  conirmclion,  bid  ilStf 
Trom  them  ID  t}ieir  Ofirrntimi ;  ihe  pislon*  riul  beine  moved  by  any  tOK- 
ii«l  fort-u  njtplipd  to  ttietn  thmugli  trrantij,  lerern,  we.  buf  by  ihi?  wi%bt 
or  pri!t>$urr  of  a  rotiiinn  of  water  acting  directly  apOB  ru-  hi^ii*!  dia. 
PnjMure  fiieitii!*  nte-  not  very  witnnion,  because  iliey  are  ixtAy  •pfS" 
cvble  let  p«trlu:ulNr  Utcalion*  eiiicTi  tu  afTord  u  suitable  sup|ilv  of  waUrbt 
tliit  nintivp  roluinn;  l)Ut  wliwrever  refuse,  impure,  sail  ur  uiIilt  vrttJ«ai 
\tf.  nlitniiiF^l  from  a  »u(Rcienl  t--levaUaD,  such  WAtor  may  he  awd  to  nuw* 
quanlity  of  freali  by  tlif-se  roachiires. 

It)  Mime  fortiM  preABUre  eiit^ines  appear  rallicr  (OmpIicaiMj,  boi  VMI 
analyited,  llifl  priDcipIo  uf  tliuir  action  and  mode  of  opftratioit  lA'ill  bo  &■■■ 
exlretntdy  simiilo  :— Il'two  buckets,  partly  fillet!  witli  Water,  I*  imuW' 
ed  aiid  liolnm-L-d  at  lite  eod*  of  a  scale  bttitn,  and  n  itireitnt  brr  dirfvtM  V 
one  of  ibem,  that  onp  will  prepondenilL',  and  conseipii-ntly  rhe  mberw" 
itji  contetitji  will  be  f-aisrd,  and  tu  a  hoigbl  cuiial  in  ihe  dese^ni  cA  ^ 
former;  hut  wlicii  it  is  reipured  to  rai^o  Wst«r  in  thif  manner  to  an  elt**' 
lioD  that  exceeda  the  distance  l]irouG;h  which  th«  dencending  vi>u«l  O* 
fid] ;  then  the  capacity  of  the  la|i«r  ia  enlarged,  knd  if  ii  muiiended  tuait 
to  tlie  ndcrum  or  centre  on  which  thu  Iwam  Uims,  a»  in  the  viumtig 
losing  buckvL.  p«ige  BG :— It  i»  virtually  tht^  *amu  principle  inal  i* 
ployed  in  prcsxiirt*  tm^nea;  the  iliffi^rftnce  ta  principally  tn  tlic  nnuui 
performing  tin*  nporniion.  tnslciul  nf  V4>>m!U  suKiiciiJcd  m»  above. 
solid  piMtoriR,  inoviniir  In  cylinders,  nre  ailiiclwd  by  rods  or  chaiti*to 
«ads  of  a  b^^iim,  or  to  tlie  ends  of  a  cord  passed  over  a  paltev.  st'  ilial  lki( 

fireasuri?  of  a  longer  or  heavier  column  of  water  rr^uni^  upon  oue 
i>rcc«  it  do^f  n,  and   thereby  raiseii  the   other  aud  with    it   the   ligh' 
nborter  column  r<>p4i!(iiii;  upon  it. 

Hy  rvrcrririg  Ui  ilw  lt)t>i  illustration  ou  page  64,  il  Will  b«  apparent 
ir  a  cylinder  HXtemleil  fnim  B  lo  the  top  of  tbi;  i'i*Vrn  Z,  and  •  Tiol 
pistuu  liki!  tlie  upper  box  nf  au  alniosphcrit-  punifi  fitted  to  worfc.  i 
wen;  substituted  for  the  bucket  B,  the  effect  produri>d  would  W  ni 
ibe  same  as  vrith  tlie  two  Imckuts,  for  the  Mino  qnwitiiy  of  wuur  cou 
raised  ihrougb  the  cylinder  initi  the  ciMeru  Z,  if  altouiuico  wore 
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of  fiiedon  In  l1)«  pumga  ofth?  piston.*  And  if  aTKiih**/*  cylin* 
si  from  P  lo  tht^!  Ivoltniii  of  ihf*  pit  «t  U,  Bnd  &  *<i1it]  pUiiiii  fit- 
rere  uMitt  inMi-Jiil  r>f  thtr  liiirkci  A,  with  n  cnntrivanr^  nt  \hn  bot> 
luw  the  wnl(!r  In  f!«  ujjm  ;  lti«?  »p|i(Lnilus  would  tlu-n  b(i  n  pre** 
■ic,  iilthuui^K  the  pnittnple  of  ihc  motivr  part  of  it  would  not  Imva 
ditiiillv  clinji((rii.  I'lii*  nyliiidi'rs  in  ihU  euiinplf  would  iforJurtn 
of  the  Imckftit  A  B;  ihcy  tiiigtit  Ix;  cnnMiertia  *»  permniiciii  or 
'  very  lun^  buckeu  wiiit  ninvnlile  l)Otlonu,  1. 1;.  tJi«  piMlaw,  wliich 
JU|;  ojid  Jiriicemliiitf  in  llicm  reci^ivKd  aitd  iliitchiirgfd  tltrir  i-uD* 
as  wttii  tlu.'  liiickitU  A  and  B,  lh<^  (juantJty  of  wat«r  cxpradvcl 
motive  or  deM-wndiiiff  culumn  would  be  pn)portion;Ue  i o  tiiv  dt- 
of  tbc  oiber  ukI  tbo  elevation  to  which  it  waj  rained.  PmMurc 
•  mAy  tlierotore  b«  considered  aa  a  peculiar  niodificatiou  of  th« 
g  und  losing  bucket  raachinea,  and  oa  a  combiuatioii  of  tliene  wilJi 
iWric  and  torcin|{  pumps.  They  admit  of  various  formi  ai^cnrdiiiK 
Ktiod  in  which  u\ey  are  used  and  the  objects  to  bn  accoupliaheu 
Aa  liquids  press  e<|ually  iu  all  dtrections,  the  cylinders  mav  be 
»ny  position — horizontal,  inclined,  or  vertical.  Sotnecimes  m 
rngtm  consiMs  of  a  single  cylinder  with  lis  appropriate  pipes  and 
ke  a  Jniilile  a>.-ting  pump.  The  water  to  be  raised  enters  at  one 
pi«toi),  and  the  motive  column  at  the  other  ;  but  more  com- 
listinct  cylinder  and  piston  receives  the  impulse  of  tbe  motive 
|nd  ill  order  to  transmit  it  to  the  other,  tbe  two  pistons  are  some- 
rDnn43Ctt>d  to  tlnr  same  rod  as  in  N'o.  ISl^aL  otb«r  times  to  oppo- 
^  of  a  vibrating  beam  as  m  No.  162— «o  that  while  one  cylinder 
HpppnntiiiK  act  as  a  pump  to  mi»e  -watiT,  the  other  is  exclusively 
PU  lit  work  it.  In  this  resocct  pn>Miire  engines  rnay  be  comndered 
as  devicea  for  communicnting  motion  to  machines  proper  for  raising 
than  aa  the  lauer,  and  ihey  am  som«;tini«s  used  as  propellers  of 
machines,  but  in  whatever  light  they  may  be  viewed,  they  aro  too 
ittug  In  be  mnitted. 

tr«  are  two  kinds  of  preasure  engines,  but  they  differ  frtnoo  each 
Ay  in  that  part  which  receives  the  impulse  of  the  inotivs  column 
it  tu  die  iitlier.  In  one,  a  soliti  l>ody  (a  piston)  in  used  for 
An  the  utJier,  a  volume  of  air;  but  while  a  slight  variation  is 
in  the  two  miichiuea,  the  essential  foatures,  as  well  as  the 
1^  principle  of  both  remaitis  tlic  namo.  Pistoti  pressure  engines  are 
I  bave  been  invented  in  the  ISlh  ceniuty  by  M.  Hotll,  a  German  en- 
It  is  more  probable  that  lie  improved  them  only,  for  tbey  eer- 
jfB  known  much  earlier :  still  it  may  be  that  he  was  ignorant  of 
rii][)&  use,  and  was  led  lo  their  reinvention  by  his  eflorts  to  raise 
the  Hungsrian  mines,  in  which  he  t-reclcd  several  prasaure 
I  on  the  principle  of  Heron's  (bunlain :  the  transition  from  theso 
wr  Was  easy  and  natural,  and  may  have  resulted  from  his  ■■ndua> 
U>  avoid  a  defect  ti>  which  thp  former  are  subject,  vil :  the  ab»orj>- 
f  the  air  by  the  water.  About  A.  T).  1739,  an  improved  form  of 
re  tnigines  was  duviaed,  and  introduced  into  some  mined  in  France 
lidnr,  which  Fiv  has  destrrtbed  in  bis  Architecture  Hydrauiique.  Some 
f  have  ronsidervd  bun   tbe  author  of  pistun   presaura  engines,  but 

ip  esrtarn  loraiiotn  nm  Miiuiiliinsa  wiwlied  ia  that  tuaaiwr  :  the  pmlotu  ar 
lawlsd  wiih  wqif  hu  ciifficiant  to  dsproa*  diani,  ara  nmi  bj  a  tinokH  ot 
miti  at  ihc  oppasils  end  of  Ihe  b«ain.  wItiHi  whra  il  ntaohes  lbs  boitvin  iu 
:disdianrsd.  Ilka  tbabuckst  A  in  No..  16.  U  in  No.  17.  orG  in  No.  I6Q. 

'  r->au.    Gsrauo  :  Wiu-«r  Ssulans.    Machima :  inventtii  |>ai 
<  i-ta  d'Llmpf  rsincr  "     .^rt«  «l  Metiens.     L'Art  <l'<tiploiuis 
tLii  i :  .  :    tu  J7TJ,  page  144^     ^nsrlo  od.  ton.  criii,  ^  \^\. 
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the  honor  of  first  inventiDg  tbem  is  not,  in  fact,  diw  to  ehbor  ikiidor  cr 
Hoell,  aa  UiH  following  fiuuro,  No.  160,  from  »  work  publi«hoil  n  cvmun 
before  eitht^r  of  tboso  cnginwrrs  flourishpd,  will  show.  U  ie  from  Fluild* 
Natiira  «*mta  *e«  techmica  marrvtoatm,  467.  Tlir  chsracUT  of  tJu«  sulW 
as  an  aatrologer  and  lUchyrnUt,  aoii  that  of  \iw  workn/which  aUiuod  «ntb 
absurdities,  bavi>  probably  caused  the  figure  lo  be  ovoriookud  bj  ntodnt 
wmers  on  hydraulic  and  hydrostatic  apparatus.  Chemiatry.  bowvrer.ii 
not  the  only  science  that  is  indebted  to  the  shrewd  but  mistakeo  •e«ken  | 
of  univorsad  paimcoas  and  of  the  phUosophvr's  stone. 

The  lower  end  of  the  pipe  B  D  having  a  valve  opening  apwards,ii 
inserted  into  the  water  to  be  raised.  The  pip«  A  receives  the  descirod- 
ing  or  motive  U(]uid  column,  which  in  this  ca«e  wa«  refuse  ur  itaf^naol 

water,  flowing  from  •  wercf  of 
sufficient  altitude.  Thu  pipe 
iTi»y  be  at  a  considerable  &• 
taiice  Ironi  D  D,  arul  la  so  repr» 
sentMd  in  the  original  iiguie.  Il^fi 
tenmnates  bi.*low  in  a  p>t.dnii|t^| 
or  low  ijnround,  whei>c*r  the  wa- 
ter dUcfaargtrd  fruro  it  niay  «* 
cap«.  Tlir  end  of  it  iihouM  b« 
lower  ll»n  llial  of  D,  and  sbuaU 
be  seuled  or  covered  by  witcf 
aj  repre*ented,  to  prevent  d» 
^i  f^iic^—ja^m^pi^  Wmv  entrance  of  air.     A  conunuBic*- 

-^"^    P^^^^tV^^  ^jT  ti""  i*  made  between  both  thm* 

pirH>a  by   the   hurixontal  one  C 
Tkia  hut  is  CfRmccicd  t»  A « 
one  of  th*  ■paitnm  of  a  thnt> 
way  cock,  tho  upper  and  hiwet 
part  of  A  being  united  to  tlie 
other  two.    The  other  end  of  C 
terminates  at   ihe    bottom  of  » 
wurktngcylitidcr.  whichi»elowd 
at  the  top,  by  a  thurt  tube  ceia- 
niunicatingwith  B  D.  iinroedtat*- 
ly  below  a  valve  jdaccd  Jn  the 
latter.    In  the  cylinder,  a  pisum 
(indicated   by  tlie   dotied  lines) 
is   fitted.     It  is  descnbed  as  ■ 
wooden  plug  covered  with  lea- 
thei'  and  loaded  with  lead,  so 
aM  lo  make  it  descend  in  tbe  oy^ 
Ha  IW.    PT*«nm  B^t**  from  nwld.    A.  Ol  Wft.       Under  by  its  weight. 
To  pni  this  machine  in  operation,  the  cylinder  and  pipe  D  are  first  611«d 
with  water  tlirough    the  funnel  and  small  cock,  after  which  the  latter  is 
clotted.     The  plug  of  the  threfNway  cock  is  then  so  arranged,  that  its  two 
Olifioes  onincidc   oidy  willi   the  *tpprr  part  of  A,  and  with  C.  when  llio 
prattmtre  of  the  column  in  A  will  force  up  \he  piston,  and  with  it  all  the 
wnicr   previously  in    the  cylinder,    which    is  thus  compelled   to  asctnid 
throogh  the  upper  valve  into   Otr  discharging  pipe  B.      When  this   ha« 
taken    phkCfi.  tne  Vi-ssel  G,  siupt^ndcd  M  one  una  of  the  rod    that    |iaMa^ 
throagh  die  shank  uf  the  plug,  haei  bocome  tilled  with  water,  from  die  am^^B 
j(tl   iMuing  frfifn  A,  and  dcseemling,  tinu  tht  plufi  of  the  cock,  so  as  iVIf 
c/oae  1^  communication  of  Ote  np^M^  ^taxVoS  h  wvCa(!^,anb.ivyt^\i  n.' 
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lowrr  pan  of  A,  iipnn  whi<!li  ihe  piaron  riciicen'l*  in  tbi* 
ader  ami  ihr  foul  wairr  in  C  Mcapi^s  iLnm^li  ihe  lowpr  nnd  oC  A  mid 
I  to  wa«r.  Ity  ili**  time  iho  piston  rrarhc*  ihf>  lioiiom  of  the  cjlitiiiiT, 
latrrr  is  retilU'd  w-iih  wati'r  liy  the  iirp^Hun*  (il'tltP  iiinKxphrre.  »a  in  a 
mnn  pump ;  niwi  tiic  contimw  of  (*  have  i^m-jijwiI  through  an  uritke 
J  V.f.tKim,  wKirli  in  clo*i''i  hy  a  vnlve — lliia  valvt*  liptng  op»?iipd  hy 
.  pin  ii|Km  which  i>i.*  vmwI  dewotiiled,  aa  shown  in  ine  fi^re. 
(I  t'i^tnpliril.  ihi'  wcigln  onths  op|>n«»beend  oflhe  rod  prepoD- 
iie*,  ami  tamii  i\\c  plug  of  the  cock  into  its  former  poairinn  ;  ami  thna 
play  nf  thr  machini-  »  rontlniiRH  vithoui  tntcrTni«<)inn.  Th<*  npnrarion 
lling  tliR  cylinder  through  ihn  fannel,  is  rcqntred  only  at  tbe  nrsi,  like 
nriming  of  a  n^w  pump, 

Itf  origin  of  ihiti  marhino  iii  uncertain.  It  does  ikm  appear  to  have 
1  invented  by  Fludd  hiimcir.  hut  is  inaortod  amnne  others,  which  h« 
ed  frnni  older  auihon  ;  and  mieh  m  \w:  otamimrd  anroad.  As  he  tra- 
fd  in  GemiBiiy  and  has  dpscribed  aomf  of  the  hydraulic  machines 
1  in  du>  miim  ther«,  (nee  one  flared  on  page  21^,)  it  b  probul.le  thai 
lerived  a  knowledge  of  it  in  thai  country,  tt  posaostcs  coidtiderable 
rHt — it  19  tiel/arting,  and  that  by  a  very  simple  device — it  ahow*  an  i>ld 
HcBtion  of  the  ihree-yray  cock-^it  exhibits  the  application  of  refuae  or 
"id  water,  to  raixc  TreAh.  and  in  a  way  nomewhat  similar  lo  OT>e  re- 
ly pmpowd — and  it  is  the  oldest  piston  presstire  engine  known, 
'he  next  figure  from  BcKdor,  shows  a  great  improvement  on  ihe  laat, 
lUsh  so,  ifiM  in  some   respects  it  may  m  considered   a  new  machine. 

A,  eonreys   the    deaconding 
column  from  iu  source  to  the 
rhrce-waycock  F;  lo  one  of 
the  npeninss  of  which  it  ia 
united.     Tliia   cock    is  con- 
nected. Hit  another  opening, 
to  the  horiiiontRl  cylinder  C, 
whoM-    axis    coincides    with 
that  of  a  smaller  one  D.   Both 
cylinders    ore    of  the    same 
length ;  and  their  [Hstons  arc 
attached  to  a  common  rod,  as 
rppretwiited.  Two  valves  are 
plurcd  in  the  axcendiiig  pipe 
B— <inr     Inflow,     the     other 
above   it*  junction   with   the 
cyiiiKlnr  D.     Till?  hori»intal 
■ronwctii  B  and  Dwith  the  third  oprning  nflhe  cock.  By  fuming 
plu^uflhiit  rock,  acommuniratinit  is  opened  allcmalely  Wtween  ench 
tdei-  and   ihe  water  in  A.     Thus  when   thp   water   rushes  into  C,  it 
fM  the  pictiin  IWore  it  to  the   extrf^mitv  of  the   cylinder,  and  conae- 
itly  thr  Water  tltat  wa«   prefioiMly  in  t>  is  forced   up  the   aaoending 
fl;  then  the  comiminieatinn   lieiwe«n  A  and  C  is  cut  off",  (by  tiirn- 
ihe   ctM-k)  ftiid   that   beiwet-ft  A  and    D  in  opened,  when  the    piAlom 
tTt»>»*d    )»irk.  lowacfU  F  by  the    prcmmre  of  the  coluniti  hi^nul    llio 
i-iti^the  wat^r   prftvioiisly  in  C  «!w:*ping  through  an  opening 
■  nf  <tf  ihe  cock   anil    ninit  lo  wante,  while  that  which  outers  O 
p  B  at    the   iMtxl  tttnike  nf  the  ptnloRs.      The  ccxk 
.1   hv  lever*,  rnnnerted  tn  the  middle  of  the   piaton 
I   by  the  machine   itself.     By  the  aur  cliamler, 
(ered  rrtnlinuon*. 


^<L  Pnwri  BiftM  Inm  BcMdM.  A.  D.  tm. 


Pmimrt  JSmgma. 


IBou4.l 


and  cloaws  ili«  uvesogt*  ioU)  ibo  cy1ii)<lar  a  aoalof^tu  to  ibu  of  itcuB  j 
ginca,  bumi;  uSuclud  by  nii  c<:cL'ntric  uu   ibu  crank  ibsfL     It  is  ua 
m  tW  cut,  iluU  U]«  vHtftuiai  f««tur«a  uf  tUu  imwliioi;  miglii  appw  i 
ovnspicuuiu. 

li  IS  ut>vi<jus  tiiHi  engines  of  tku  kuid  nuy  be  amplejred  lo  impait  bio- 
tion  to  puiuiH  or  *ay  other  aia«liiiiery.  The  imeoiity  nF  tha  force  ova- 
UUIU.-J  liy  tiii'ia  (Itjpeiida  u^on  die  perpendicular  i<  '*  the  toraft 

voluiiiti  tuut  Uiti  area  of  the  picton.     Tlio  luv  of  tlit-  i".  ns  )r>  dw 

bydniiilii:  nun  and  other  macliines,  to  break  the  for-i     <i 
fiu^siiin  voiiHCtiueiu  on  iliv  sudden  iitoppjge  vi'  liif.  <}•■     ' 
clusiiig  tbti   pa&iuges,     Wherever  tlie  wadU?   ^'ii"    '>  '  < 
five  or  lJiirty*t>iK  luet,  the  engine  may  ileri^'e  aii .!:  ii'ii">  i 
roTMifM  lliua  kept  up  bvhind  tho  piston,  as  m  iow-prcooiir«  M' 
The  applicadon  ol   this  reaturo  to  pressure  engjnea  wu   idli 
Koglisn  p&teni  grwitvd  to  John  LuJdock  in  February  1799.     (Ke|i 
of  Arts,  vol.  XI,  pa^  73,} 

The  inrumion  ol  prcHsurc  criginoA  brought  to  light  ■  new  mode  nf  i 
ploying  water  u  a  motive  agent ;  atid  obio  the  roeaiu  of  applyinc  ul 
locationa  where  it  could  not  odKirwiae  be  uiwd.  When  waipr  movci  i 
undvr  or  overah'K  wheel,  die  machinery  to  be  pmpelliid  muiit  be  pUce]' 
in  the  imtncdiaLu  viciuity — hence  eaw.  grisc,  and  fulling  ihiIIa,  &c  in 
erected  whoru  ibu  fulling  liquid  Hows :  and  when  lileiim  ia  the  niDviii| 
force,  the  engiueo  un*  luculud  where  lUd  Huid  is  f^coorUed ;  but  with  pm> 
aure  enginea  it  is  diitorunt,  fur  the  inutivu  agent  may  be  token  lo  the  ot- 
cliine  itself,  in  volleys  or  tow  liuids,  having  no  tmtural  foil  of  voter,  bo 
wherolhat  tiauid  cau  be  conveyed  in  tubus  from  a  sufficient  elevotiuii, (■» 
mutter  how  disiont  the  source  may  Uv.)  lucb  waur,  by  tbcte  nuckiM 
■nay  bo  rnude  lo  propel  oilicra.  Am  by  moans  of  them  the  anmll  bin 
otlen  found  on  moutiuun«,  and  water  dnwa  from  the  brads  of  GUIiimI 

X'a,  may  furiuiih  power  for  numerous  operutiooe  in  Dci^h)>onn^  p!i»i><> 
n  ciiicu  arc  supplied  from  elevated  i*ourceH,  on  odditiouol  revaiw* 
might  be  derived  from  the  force  wlcfa  whicb  the  liquid  isauM  (ram  tW 
tubes  :  the  occupant  of  a  house  into  wbich  a  lateral  pipi-  from  ihr-  ^•^-"* 
ia  conveyed,  might  connect  the  pijie  to  u  pruasure  euginu,  and  :'. 
import  motion  to  lathes,  or  printing  presses  ;  nuxe  und  lowt>r  gi>u<l<i  ud  ' 
ferent  stories  ;  pross  cotton,  paper.  tMokd,  Sec.  a«  by  a  sieum-en^iDu. 
unlike  the  ntachine  juat  named,  a  pressure  engine  ia  tncxpeainvc.  and  l 
pie  in  ita  consirnctinn — Jr.  rrtjuireA  neidier  chimneys,  ftiniaeas,  nor  Ic 
of  fuel;  neither  fin>mnn  nor  engineera,  nor  is  there  any  danger  of  isKpfe' 
flions.  It  may  be  pbired  in  ihe  comer  of  a  room,  or  be  cooocoIm)  UOdtf 
a  counter  nr  n  table.  Il  moy  be  set  in  operation  in  «  ni»m(mt,  by  opeti 
B  cock,  and  tlie  iuHiaiit  the  work  is  done,  it  may  be  »to|ip(-d  by  sliutdl 
the  niaBi  and  tfaos  prevent  the  least  woaie  of  power — and  when  the  w< 
ia  accotonlisbed,  the  water  can  be  used  for  all  ordinary  purposca  as  if  f 
drawn  (rum  ilie  mains,  for  tlie  engine  migbt  be  considered  aa 
continuntioii  of  the  lateral  lube. 

Preasuro  engines  aJTord  oniKlicr  illustration  of  iho  vaheiy  of  purp< 
to  which  a  pitiom  and  cyiimdrr  may  be  npplied.  Tbwsi*  wvre  prnbolily  I 
naed  in  piston  bullawe ;  next  in  the  ayring^* ;  cubaequently  in  pumiMl 
evBry  variety ;  and   then   ih  preasurt*  and  stciun-engin«s.     The   tuut  * 
putuniatbf  aacleaH  orolumuntol  port  that  gives  elHciainoy  lo  them  ail: 
the  opparalus  lliiit  mirniund  il  in  some  of  thi'iri 
Tuwtiut  L-xicnt  it  is  desiinud  lo  be  empbiycd  ^^ 
■udt^d  iiy  iKlier  (liiid>.  lini'>  -mlv  run  revival;  tmi  il 
/uRJTU  by  the  pa«i,  tliia  avin^lc  device  will  perform  l' 
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vagian  a.  metaa  a  aliamuely  pushed  up  uwi  down  in  its  eylinder  hy 
■Hrun ;  *nd  hy  roeaxui  of  tho  roa  to  wKicti  iho  piston  u  Kcuml,  motion  i« 
eomniBiucaltfd  lo  a  cr«nk  and  fly-wlKol,  and  througb  the»c  to  the  machi* 
n«ry  w  be  pruiwlled  :  it  is  die  iwine  widi  pivitsnre  ciiginoj  when  uaed  lo 
novo  otiuiT  machirton.  (>xc«pt  that  inittcad  of  ihe  vlulic  vapor  of  water,  a 
eolumo  of  that  Vu^quI  ilrivcs  the  piatons  to  and  &q,  aa  will  bu  ncroetved 
hy  an  examinadoB  of  iltc  following  figure. 


Tin  lAH    HMtm  Tntmn  EnflMb 

n)pr«*eiiU  the  l»wcr  pan  vf  thv  \npv>  which  conwyt  th«:  w;U«r  down 
from  iu  aourcu  inLu  dte  air  chitinlwr  C,  from  ihti  lowt^r  part  of  which  it 
pMBca  throusb  a  short  tulw  and  bUip  riK-Ji  into  th«  valve  caM,  or  "ode 
pipv"  D.     Thia  pi|M  in  parall*?!  with  ihr  working  cylinder  of  tlte  ttiigiiM 

A,  and  ralher  longer  :  it  cuinmmiiral^at  with  A  through  two  piuisages  for 
Uie  admiMion  of  the  water  lo  act  upon  both  »ide«  of  the  iiuiion.  The  enda 
of  D  are  c1u«ed  by  niuiliiig  b(.»es,  Uiruugh  which  it  rod  in  the  direction  of 
ila  axis  ii  mad«  to  Hlide,  aiid  upua  this  rvJ  are  secured  two  plugs,  shown 
in  ibe  cut,  thai  &1I  diu  iuU'riur  of  the  pip«  like  pistons,  and  as  the  rod  i* 
niMd  or  lowered,  altvruatvly  open  ana  close  llie  passages  into  die  c^lin- 
<l*r.  Suppose  the  pu«itiuu  oftJie  various  paru  of  the  engine  as  indicated 
in  ibe  fi|;ure,  and  the  stop-cock,  in  the  short  tube  that  connects  ilie  "  side 
pipe"  to  the  air  vessvl  be  opened,  the  water  would  then  rush  into  the 
upper  part  of  die  cylinder  A.  as  shown  by  the  arrows,  and  by  its  statical 
presiure  force  down  tiie  piston ;  while  any  water  previouslv  below  the 
piston  would  escape  through  the  lower  passage  into  the  side  pipe  (be- 
neath the  plug)  and  run  off  to  waale  through  ihe  tube  B,  marked  oy  dot- 
tivd  lines,  and  the  circular  orifices  of  which  are  aUo  figured.  When  the 
pinoa  has  reached  the  bottom  of  the  cylinder,  the  rod  to  which  the  plugs 
uv  aaa«ibed  is  drawn  down,  so  as  to  close  the  upper  passage  and  open 
lfa«  lownr  one,   upon  which  the.  water  enters    through  the    latter  and 

dri- '•.!?  |MstOQ  as  before,  the  previous  content*  of  the  cylinder  being 

ft'i  igh  the  circular  orifice  m  the  upper  part  of  the  sid«  pipo  into 

B.  Ill  lui*  manner  the  operation  is  rnntinund  and  mution  inipartf*d  to  the 
bMBi.  crank  and  ily-whcel.    The  apparatus  for  moving  the  rod  that  ofi«aa 
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and  cloMa  the  paaaans  mui  Uie  cyUndar  t*  uialogotu  to  dut  of  stcwn  •» 
ginM,  being  efieccea  by  an  eiu^Dntric  ud  the  crank  nhoft.  It  ia  anntW 
in  the  cui,  thiu  thu  otacntial  features  of  tlu  machine  might  appear  non 
conspicuous. 

It  is  oHvious  that  ongious  of  this  kind  may  be  employed  to  impart  ns- 
lion  to  pumpfe  or  any  oihiir  iiiachinury.  Tbu  intetuity  of  thi.*  force  tnm- 
mitLvil  iiy  ihitiu  (IvpL-nds  upon  ihu  nLTptindicular  fai!i({bt  of  the  fsstm 
column  and  Uiu  arua  uf  chu  pistun.  Tlie  uju;  of  thv  air  vcducl  ia,  aa  in  At 
bydruuttu  rum  and  otiier  machJiiutt,  tu  br«idi  thu  t'orcc  of  thn  blow  or  n» 
cUMsiou  coniivt|uunt  on  die  sudden  dtoppugu  of  tliu  duHtuinding  columi  bf 
cltMiiig  tbu  pusiiiges,  Wht>rever  thu  wiutt:  pipu  Ij  <;uii  doscvnd  (Jartf- 
fivu  or  thirty-ailL  feet,  the  engine  may  derive  an  udditionul  power  trom  lu 
varyitm  lliu^  kept  up  behind  the  piston,  m  in  low-pruwure  aluam-anrink 
Thu  unplicution  of  this  feature  to  ures^uru  enginus  vna  tDdnded  u  n 
Engliatt  patent  granted  to  John  Luudock  it)  February  J.7&9.  (Rupcrtoij 
of  Arts,  vol.  xi,  p»ge  73.} 

The  iuvention  ol  prensurc  engine*  hraught  to  light  ■  neit  modt-  uf  «m- 
phiying  water  is  a  motive  agent ;  and  also  the  meani)  of  applying  it  ii 
locations  wbun;  it  could  not  otherwiae  he  uaed.  When  water  CDOtMia 
under  or  overshot  wii«ul,  ihv  machinery  to  be  propelled  muxt  be  pUcad 
in  the  immediate  vicinity — hence  saw,  grist,  and  fulling  mills,  ke.  m 
erected  where  ibe  falling  liquid  flowa ;  and  when  steam  is  tbe  mtrring 
force,  the  engines  art*  lociUnd  where  the  fluid  is  generated  ;  but  with  pm- 
sure  engines  it  is  difivrvnt,  fur  the  motive  agent  may  be  taken  to  the  m- 
chino  iiself.  In  valleys  or  low  lands,  having  no  natural  fall  of  WMer,  bu 
where  that  liquid  can  Inj  conveyed  in  tulMs  trom  a  sufficient  elevanoo,  (on 
matter  how  distant  th>;  source  may  be,)  auob  water,  by  these  madnDo, 
may  be  made  to  propel  othorH.  And  by  moans  of  ihem  the  small  Uka 
fyften  found  on  mouncaina,  and  water  drawn  from  the  beads  of  blliial 
rapiilfl,  may  fumisb  powur  for  nutiicrou^  operations  in  r)ei£;ht>oring  pUiu 
when  cities  an>  supplied  from  elevated  sourrPA,  an  addirionol  revenue 
might  be  dorivud  fruni  the  force  with  which  the  liqnid  issuna  iiaai  iha 
tubes  :  the  oucuptiiit  of  d  housu  into  which  a  latemJ  pipe  from  tho  laiai 
is  conveyed,  might  eounuoc  tho  pipe  to  a.  pn^saurR  engine,  and  thoatv 
impart  tnoiiun  tp  lathes,  or  printing  presses ;  raise  ami  lower  goods  oa  » 
feront  atones  ;  press  cotton,  paper,  books,  dec.  as  by  ■  ateMO-engiao.  Bn 
tinlikc  the  macbiuu  just  named,  u  pressure  enginp  ia  incxpenaive,  and  anr 
ple  in  its  construction — it  requires  neitber  Animneys.  furnaces,  nor  \imi» 
of  fuel;  neither  6remeii  nur  engineers,  nor  is  there  any  danger  of  esptv- 
siooB.  It  may  be  placed  in  thu  comer  of  a  mom,  or  be  eooioealed  ondar 
■  counter  or  a  table.  Il  may  be  set  in  operation  in  a  moment,  by  openiBK 
a  cock,  and  tbe  itmiant  the  work  is  done,  it  may  be  stopped  by  shulUDI 
the  same,  and  thus  prevent  tho  least  waste  of  power — and  when  the  won 
is  occompbshud,  the  water  can  be  used  for  ■]]  ordinary  pnrpnaesaa  if  jut 
drawn  from  tlie  niiiiut),  for  thu  eugim  might  bn  considered  as  merely  I 
continuation  uf  tbe  lateral  tube. 

PreoBUre  engines  slTord  another  iliustration  nf  the  variety  of  parpOM 
to  which  a  put'jn  and  cifiirntcr  nuy  bo  applied.  I'hese  were  probably  fird 
used  in  piston  bellowa  ;  next  in  liie  syriogo ;  subsequently  in  pumpa  of 
every  voneiy  ;  and  then  ih  pressure  and  steam-engines.  The  IDO' '" 
pistou  is  the  nucleus  or  elemental  pun  that  gives  effidonoy  to  them  all  t 
the  apparotus  Uiot  surround  it  in  some  of  them,  are  but  iu  apprndU 
To  what  extent  it  is  dentined  to  be  employed  when  stuam  beoomea  in 
■aded  hy  oih«r  fluids,  time  only  can  reveal -,  but.  \£  we  uuty  ind^  of 
Atniv  by  tbe  post,  ihia  suup\u  doTioQ  w\\\  ^tforro  ^-ra^^^x  >HV3mtot«''vn'^ 
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•wotU  ck&n  it  hu  yet  •eeomf^liQd.     !t  is  by  it  only  ibat  tbe  energy  of 
eUsiic  6mAi  coo  be  eoonomically  employed. 

Tlio««  ingenious  men  who  fust  constructed  a  bellows,  a  Byriiige,  or  a 
pump.  Utile  thought  that  Mimilar  implcimeiiiji  sKoukl  become  self-acting,  aiid 
even  he  motive  engines  to  drive  olhui-a.  Wbut  weary  laborer  at  the 
parnp  in  aTkcient  Greece  or  Rumc,  ever  dreamt,  while  indulging  in  iIkmm! 
reveries  that  the  rnind  coi^ures  up  to  divert  altf  nlioii  from  toil  or  pain, 
tfaai  a  machine  ntnilar  to  Uie  one  upon  which  bis  strength  was  expended, 
sliould  be  drivised  to  work  without  human  aid  : — and  that  a  modiHcation 
of  it,  RXciied  by  the  vapor  of  a  boiling  cauldron,  should  exert  a  force 
campar«NJ  with  which  ibe  power  of  the  Titans  waa  impotence — a  forc^ 
that  dbiMild  ilrive  fleets  of  g«llics  through  a  norm — burl  missiles  like  tbe 
balisite — pmpel  chariots  "  witJiout  horses" — polish  a  min-or — forgo  a 
hatchftt,  a  tripod  or  a  vase — and  itpin  thread  and  weave  it  i»to  veils,  fine 
pa  cbofte  worn  hy  the  vestal  virgins — and  yet  shnuld  tifUfr  tjrr  !  Could 
ihe  ima^nationB  of  tlie  dopre^ui^d  plebeians  and  slaven  nf  antiquity  have 
lad  a  gnmpuie  of  such  n  machine,  and  had  they  been  Informed  that  it 
Vould  in  some  fiituro  time,  which  the  oi'arJes  had  not  revealed,  be  gene* 
%Ily  employed — bow  vehemently  wniihl  they  have  importuned  the  gods 
ID  Bend  it  in  iboir  days  I  And  why  did  they  not  have  it  ^  Becousie  the 
ueful  aru  were  neglected  and  tht-ir  pnifeiaors  despiaed — while  those 
rofisflaiona  die  most  destructivu  of  human  felicity  Mrers  culiivated.  War 
u  acoounted  hunorabk-.  and  hence  natinoa  werii  inceaaantly  engaged  m 
nflieta  with  each  other — a  miliiary  spirit  pervaded  the  minds  of  tbe 
ople,  and  it  rewarded  ihem  by  soaking  every  land  with  tlieir  biuod. 
The  history  of  machiDcs  composed  nf  pisLoiis  and  cylinders  uJko  illu^ 
Urates  the  priteusa  by  which  some  simple  luveiitiuns  have  lM.-cume  applied 
icn  iiiirjH>ftes,  foreign  to  those  for  which  they  were  onginaJly  designed — 
applicalioQ  opening  tlie  way  for  a.  different  one.  In  this  manner  de- 
apparently  iuagntnount  have  eventually  become  of  the  utmost  value, 
it  is  probable  that  there  is  no  rocchanical  combiDation  or  device,  how- 
ever useless  it  may  no%r  appear,  bat  which  ■wWX  be  thus  brought  into  play. 
These  macliincs  also  teach  ua  how  new  discoveries  ore  mode  in  tlie  arte, 
vix :  by  ohaerving  (omnwm  retuUa,  and  applying  the  principles  or  procesaca 
hy  wlucb  they  arc  Induced,  toother  objects  or  designs.  Every  mechani- 
cal movement  and  manufacture — an  unauccesstiil  experiment — del'eeta  or 
derangcroonu  of  ordinary  machines,  dtc.  arc  all  practical  demonstrations 
ihal  toaicate  the  means  to  produce  analogous  effects,  or  to  avoid  them. 
Fulton  employed  atcam-cngines  to  turn  paddle  wheels — Eli  Whitney 
adopted  ctrcuUr  saws  aa  cotton  nns;  and  lioih  liecame  henefaelors  of 
their  country — o  poor  barber  in  Rngland,  after  exerciuDg  his  ingenuity 
on  the  perpetual  motion,  applied  some  of  bin  devices  to  cotton  spinning, 
and  not  ouly  became  one  o\  the  most  opulent  of  miuiufacturers,  but  secured 
a  pla£o  in  the  biography  of  eminently  useful  mciu. 

'  newly  all  modem  improvements  and  inventions  have  been  brought 
about  in  a  somewhat  similar  manner,  and  lliere  are  few  but  what  might 
have  been  anticipated  by  attention  to  every-duy  facte.  Suppose  pressure 
i«ngines  had  not  yet  been  known :  they  mi^hl  be  dovelopod  by  reflecting 
«n  a  very  common  circumstance  connected  witli  ordinary  pumps.  Wbiui 
<iae  of  the»e  no  longer  retains  water  in  the  cylinder  uiid  Irucik.  it  is  necee- 
«ary  to  jtrime  it,  hy  pnuring  in  »  quantity  sufficient  to  till  the  space  in 
iwbich  tilt;  Slicker  moves:  this  water  resting  upon  ihu  latter  proMoait  down, 
•nd  cons<><{uently  niitu>.i  the  lever  or  pump  handle,  which  ugun  descends  as 
paon  at  tlie  water  e.icapcs  Im>1ow  ;  thus  iUubtruing  llm  ^nviciyW  U^  ^W^ 
•fcMure  eugines  act — the  levee  being  moved  b^  v\\c  wjLie?  vniXftaA.  oi'iiv* 


asO  IImA  Fmrnumm.  [B«^l 

WKiirr  Kv  iC     How  oiAnT  Kgca  Wm  rloH^  ukd  bow  msaj 
p.-  wunenMJ   liiu  fiperatiaa,  wukmu  «  laefal  idea  ak< 

d'  n  i!  f     And  wiUioat  %ay  one  diiakinp  du  Tsluabln 

•I  triLriit  inim  n.  duonfenMl  pomp,  or  fiw  ibe 

ni  <  '  [>uiri|i  hnaiilt-  f     TboM  obaemag  ciiail*,  im^i 

am  ctnuuniljr  od  ibc  Kicri  fur  focu — lUt«  boat  ianMMHtijf  on  th» ' 
boovy — WQuld  not  now  nillirr  nrva  sacb  u  ixxaneoee  lo  (»M  ' 
nor  woultl  liio^  heaiuic  to  coQEider  tiwM  napW—w 
kundruds  uf  |i«oplv  (uid  tlu*  wriuir  amaoj:  Uimb)  n«e  oocttaooBllj 
rioncvd  from  tbu  unexpeoU'd  defiiwDrur  •  bmi^- pump  hiuiille  nn  i 
pimuiu,  and  in  wime  iruHiiDVes  murv  anplnMni  aom  froiu  lU  »ud^aB  i 
MDl— 01  adiDoaitioaH  to  tuni  the  i.*xpt>riiDeiiC  lo  «JvtBBtg«.  The  wn^ 
riao  of  wuor  which  his  bud^'  di^plscnl  in  k  baxfainr  nib.  wu  trarA  b« 
twinkling  by  thu  mslhemauciaii  of  SyncitM  to  iolVa  ft  b«¥r  uid  JAnb 
prnblotn  [  vet  (be  tftine  thing  had  beeu  previoualjr  wiiBcwd  liar  diowvuli 
of  yotn,  but  no  one  crer  tbou^i  of  applying  dw  Kanit  lo  uy  vtA 
piirpiiBP,  , 

U  pcrhapa  nwy  he  a  riucstJiiti  whoiher  the  nuehiBes  nlmuly  iteaaAal 
in  ihifl  chnplnr  were  known  (o  the  cn^Bcem  of  ■ntiqQity,  bat  ibrrv  it  n 
room  to  duubt  dieir  scqutuntitnce  with  •notbor  rviety  of  ^namrv  anmrn. 
ainon  wa  have  obtained  a  knowledge  of  them  fnxm  ibe  Sptriialra  of  aam, 
whoiw  niimn  they  ftilt  bear.  It  ia  obvioiia  that  a  ii^uid  ntay  be  fintwd  M 
of  a  vsievl  by  pres«ing  into  tlie  lauer  any  Mbur  fulMtance.  no  matter  wta 
tha  natuni  (u  it  may  be,  whether  nolid  or  fluid,  liquid  or  ut^nTorm:  that 
the  «did  pIuuR'^r  or  piaMo  of  amunp  does  not  taorv  ■•ffectuiiitv  capulw 
conlxiuu  of  the  cylinder  in  which  it  moves,  than  thv  l-UsUd  iluu)  in  t  ■-•^ 
lounlain  ilrivui  out  the  aerated  water;  faenec,  if  air  bo  ur^d  by  tti*. 
furo  of  u  liquid  column,  or  by  any  other  foroe,  to  occupy  thu  ini 
vrnwl  eunluining-  water,  the  bqtud  may  be  raised  tbruugh  a  tui 
■lavation  t>qunl  to  tlie  force  that  movoa  u ;  ibo  air  in  thtt  oue  per 
1^0  pnrt  of  jiisiuns  in  the  prosaurv  engines  already  dotcribt-d  i  and  w  • 
fom  aro  greuur  tliao  can  bo  produced  by  tolid  ptstuns.  Tor  the  rrini«a« 
iImm  eoutatocui  a  ooiuidereble  portion  of  the  iiiuiive  furco.  w  ihaiaf" 
Ititna  of  water  taiMd  by  them  can  never  vqual  the  uoe  lliM 
whanma  air,  from  m  ctxtreniu  mobility,  recuivtii  and  tnusinici 
UUB  uf  ilia  HMUve  column  umUminiabod  to  the  other. 

Tba  tbuntoin  uf  Huron  i>  the  oldetit  pnatum  utigine  known,  and  in  i 
volume  uf  air  ia  umh]  a>  a  aabttituto  for  a  pntoo.     It  is  not  certain  ■' 
w»  inviMittiJ  by  him.  for  it  may  have  been  an  old  device  in  hb 
and  otM  whieh  bo  thouirhi  wurtiiy  of  prasorvaiion,  or  of  being  mad«  i 
rxtoiMivi'ly  knowu.  and  therefore  inserted  an  aC4M)Dnt  of  it  in  hu  I 
Saa  Ko.  l<Ut.     Tho  two  Ttiweis  A  B,  of  an^  shape,  are   made  air 
Tho  inp  of  iluf  up|Mr  oiM*  is  formed  into  a  dish  or  ha<in;  in  the  eMtnl 
wliii^h  ihf  jot  \»\>c  is  inserted,  iu  lower  end  exinndiii^  to  noar  ih«  ' 
oTAi  a  pt{w  C.  wbiiM?   upiivr  ortiiivt  i»  auljen>d  in   th«^  buin  fl 
down  tu  mvar  liu'  liollum  •!   the  lower  vessel,  ^ithpT  puftint;  thmuB^  I 
lop  of  it.  US  ill  ilic  tijjun'.  at  iiurned  ai  tb«  side.     A  ;>o  Duo 

a»rie\l  lit  (l)ii  lull  (if  n,  attd  L-onlinoed  to  the  appei  ;  'l'H»  T"p^ 

•ondiKii   llto   atr   from  B  to  A.     ^fow  sii|t[>iMi*  iho  vuaMi  V 
Waier,   ilin<ii(;h   «n    aporturt-   inadi?    for   tlii>   purfMiae,  and  «i 
obi«a<il :  ibo  otufol  t>  ttf  iiiuki.^  this  wuter  ascend  thrnofrh  ihn  jvt, 
ari^>tiii>li-'><'.t  |iiii>   — ^kalrr  is  pourrJ  into  the  baain,  and  nt*  rnoi 
d<'  It ;  nud  lu  it  risi*»  in  the  latter,  thu  air  wit> 

Ov^  .,     _^^^^  havinif  tiu  way  lOMnpe  but  np  tho 

■Munda  into  tJu^^^^KiK  of  A,  wbar*  baing  presaed  cm  the: 
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the  tattrr  m  comjm\lc6  tn  Mc«nd  tlirough  Tlie  jet  pipe,  u  shDWc 

Thr  wnti-r  thum  forrrcl  oul,  rail*  l>ack  into  ^e  Duin,  atwl  nin- 

C  iniu  B  rontitiurit  iho  itWy  of  xht-  mechinc,  until  fill  the  wsier 

in  A  i«  expftulnd-  Tlitt  t-Urvntion  to  whicli  vroter  in  A  cafx 

lw>  tkiM  niKf^il  t)in>iiy;li  a  (iili^,  will  l>e  ^unl  tn  the  pprpen- 

dicuUr  Ui«Uuc<.-   bvtweoD   the   Iwo  orifice*  of  C     To  per- 

soiM  wlio  »r«j  ignoruni  of  ihtt  con«tnirUon  of  ibcse  foun- 

_     taiiiB,  the  winter  in  iho  basin  nfirtt^iird  m  ileacend,  luid  to 

rueatiai*  through  the  jot-  Sucli  is  not  llie  fnct;  were  it  bo, 

ihi*  machiiw  wuuld  bo  a  peq^^tuiU  motion,  or  »ometlting 

very  like  ono.     i>oTnD   per«ons  tt«gutl«d  h^'  llie   upMirent 

poesibility  of  induciog  it  to  a«c«nd.  have  attetnplR<l  the  to- 

liition  ol  iJiat  problem  by  a  Himilar  ■ppnralujt.     We  may 

■»  wpil  coofv«8  that  in  our  youth  wo  w«re  of  the  ntimber. 

Th«  yoangnr  Pliny  soemt  to   h*vu   f«l)«n  into   tlie  MitM 

raialaKv  rt!ipis;ting  s  fotinuin  btOon^ng  to  hut  country  nenL 

Fortahlo  fouMiaiufl  uf  this  kiiul  tinghl  bo  uduplciJ  a*  ap- 

propriucc  appcntiai^ti  to  6owc*r  gardens,  and  even  drawing 

ronnu.     The  pijies  DiighL  bo  cuucealod  witliin,  or  modeled 

into  a  hnudeuiiic  (Column,  whose  pcdeHial  funned  the  lower 

vnsscl,  whilu  the  uppor  eod  astiiuned  the  Hgure  of  u  vue. 

Such  on  addition  to  tho  furniture  of  an  aportinenl  woald 

bu  a  UBcrul  aequisitiun   at   those  araacms  wlten   the  dIisoI' 

pherc,  glowing  iike  tho  air  of  an  oven,  aoorcbea  our  bodiei 

iltiring  ihu  day,  and  in  ihc  evening  we  gaip  in  vain  for  the 

oooling  hroeso  :  at  such  time*  a  minute  stream  of  wiuf 

Bpnndng  and  sparkling  in  a  room  wt>u]d  soun  allay  llie 

heal  and  invij^Draic  our  drooping  spirits — imparting  tho 

refrBKhing  coolnesi!   oC  autumn  uinid  tht;  burning  beats  of 

aumtnor;  and  if  ihe  liquid  were  [wi-fumed  with  aiiar  nf  roaes, 

or  oil  of  lavender,  we  aiio;ht  realixe  the  moat  inititreni  and 

dclicioufl  oforiontal  luxuries.    Tlie  plu-y  of  duch  a  fiiuniuo 

Irontinuod  for  two  or  three  hours  at  a  time,  for  iha  size  of  the 

[•d  lutrdly  exceed  that  of  a  thread,  and  by  ii  slight  modification, 

jid  be  renewed  as  often  tut  the  upjier  vessel  was  emptied,  by 

rernng  the  machine :  or.  the  whole  might  be  arranced  witlioat, 

ajutage  and  tlie  vase  in  which  the  jet  played.     (See  remarka 

in  the  tilih  book.) 

ntain  has  been  narmid  a  totf,  hut  it  i.'<  by  such  toys  iKat  impor* 

Rtiea  have  been  made  in  every  age.     It  is  clearly  no  rude  nr 

device  :  not  a  first  chou^t ;  on  (he  contniry,  it  bears  the  evi- 

nmtured  machine,  and  of  b^ing  the  result  of  a  familiar  acfjuaint* 

tho  principlefl  upon  whirh  its  action  depends.     Unlike  older 

machines,  tt  require.^  no  distinct  vesoel  within  which  to  raise  a 

[nor  does  it  resemble  pumpt,  since  neither  cylinders,  Huckers, 

'  levers  ore  fef|ntrftd.  nor  any  esiemalTorcc  to  keep  it  in  motiotu 

indon  may  be  considered  as  h-iving  opened  a  new  era  in  the  his* 

:hines  for  mising  water,  for  it  is  stisceptible  of  an  nlmosi  endless 

inotlitir.iHons,  .iiid  of  being  applied  to  a  great  number  ofpur- 

To  understand  ihis  i(   is  niily  necessary-  to  bear  in  mind   that    the 

isilion   of  thr  two   r/iliimns  is  immateria)  :  they  may  be  a  mile 

other,  or  they  rnny  be  nearly  togeihcr.     Th«  niie  that 

may  be  above.  Iielow,  or  on  a  level  with  the  Uner;  both 

ed  in  pipes  along  or  under  th'-  surface  of  the  ground,  and 

^ihc  aa\y  condition  required  is.  iW  iW  ■pwrf»rtA^c\AB 
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distsDce  between  the  upper  nttd  lower  orUicca  of  the  nipfl  ta  w! 
tn»tive  rinlufnn  flaws,  sbnil  be  equal  to  the  force  requireJ  to  Tmt»9  ihv 
to  the  propoMil  otcvatioD. 

A  preuure  engine  oit  the  priDcipIc  of  Hproo'a  tbubijun,  orrrlMl  b' 

Uoell  in  175r5.  to  raitKt  wrator  I'rom  oite  of  [he  nrinca  m  !!    - 

be«n  cclchmted.     In  the  Ticini^  of  ono  of  thr  shafu  «!  ' 
a  hill  upon  which  is  a  spring  of  water,  uite  huudreij  nun  Mr  11,  1 
tho  niontli  ufthi:  flhaft.  This  spring  furnishes  mora  water  llian  t 
riAes  at  ihi*  liotlom  of  t}i(>  mliu',  wliich  is  nnr  htiii<lr<Ml  luid  four  ft 
thf  Tndiith  of  ilic  Khafl.     The  water  in  the  imnc  in  ruiscij  hy  mi: 
aa  (he  liill  hv  an  apparatus  simiW  to  the  onu  ligurcil  in  the  unnc; 
A  n!pr«'9>cnu  n  strong  copper  vesitel  eight  fe«:t  ami  a  half  hi^^h. 
diuoeber,  and  two  incMS  lliirlc.     A  large  cook  marked  3  is  i 

th«i  boitom.  anil  ■  smaller  one  S 
From  this  vesiiel  s  pipe  D.  two 
meter,  reache*  <\nwn   and  i»   •.■■■■! 
the  top  of  the  vesaul  B  nl  the  Imtlutn  iif 
«hafl.     This  v«Mp|  in  vmallnr  tl'»"  ''■■ '" 
ttne,  being  Mx  feet  anil  a  half  h: 
iliameter,  and  two  incU^  thirk,  >•»■    '. 
flame  maturiai   tu  the  other.     A  pip^  I£| 
itM:lie«  iliametiir,  riaes  fnitn  near  the  hoti 
of  B  ro  the  tturfnce  of  tlie  )^uuil,  wbei 
ilis^liar^es   the  water.     The  pipe  C  con 
tiie  water  from   the  spritij;  on  the  hill;  i 
ako  four  inches  iliamcter,  had  Aetdtatii 
near  the  bottom  of  A.     It  is  fumi»he^ 
cock  1.     Water  ih  admitted  inti<  ' 
cock  ^  or  a  ralve   tipeninp;  inv 
close*  when  B  is  tilled.    The  ve*-  .  .\ 
posed  to  be  empty,  or  rather  fitlt-1    -I'l 
and  its  two  cocks  shut,     Tlie  cock  I  i« 
opened,  when  the  water  nuhiog  into  K 
denies  the  air    within  it  and  chn    pi; 
and    thld    air    prMsitiff  00    the   watt-r 
forces  it  up  ihc  pipe  B.     Aa  soon  w  it 
to  How  through  E,  the  cock  I  is  shot 
and   3   are  opened,  wlien   (he  water  iti 
rlischarged  at  3.     The  rnck  or  vajra  ai 
bottom  of  B  is  opened,  and  tlir  w^aier  cm 
drives  the  air  no  D  into  A  where  it 
at  S.     The  operation  is  then  repeated  an  I>elorp. 

If,  when  water  ceases  to  nin  at  E,  the  cock  2  be  npunrd,  both  wai^ 
and  air  rash  out  of  it  togethrr,  and  with  such  riolenci^  fhnt  tKr  liq'itil  i^ 
by  the  generation  of  cold  cdnKeijuenl  on  the  oudden  ex] 
oensed  air,  converted  inio  hail  t»r  iMdIetH   of  ice.     Th:  _  __ 

shown  to  strangers,  who  are  nHuallv  iiivitr^d  to  hold  tlir-ir  Aif/j  in  tmnt  ot  tM 
cork  so  as  to  receive  Lh<^  blnitt ;  when  the  hail  issues  nt-itJi  Hiirh  ridU 
is  frequently  to  pierce   ihe  hat«,  like  pistol   bulletA,     This  mode  of; 
dacing  itx-  was  known  lo  rhe  man^ui)  ivf  Worcerter,  wh"  '^-''•■'■ 
tftghtoenth  propfwttion  of  hisCentury  of  loventiou*.  rel.i 
cild   fountain,  holding  \imnt  i|uanuty  of  wafer,  and  nj 
make  snow,  ice,  nini  thunder."     Some  uldirions  m  the  1  \\ 

aits,  by  which  it  miglii  I*  rendered  setr-actinc^.  wern  ■ 
They  ooiuiliad  of  small  vessels  suspended  from  ien^ r«  i 
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iks  of  the  cnckv,  which  ^y  opoued  and  ibut  in  the  Mine  in«D> 
wn  in  No.  tOO,  A  nmilor  contrivance  tnay  he  seen  in  wi-eral 
-it  i«  in  the  SpiritRiift:  Decau»,  Fludd.  Moxon  aod  Switxer 
vwn  fsuraa  of  it.  The  quanliiy  of  w&ter  raiiecl  from  die  shaft 
with  tftai  expended  from  the  spring  was  as  42  to  100. 
n^itiij  a  •tcries  of  vessels  above  each  other  and  connecting  them 
te  in  No.  163,  water  moy  be  raised  lo  alnii>6t  any  height,  in  lo- 
t  h«v<j  the  ■dvantage  of  a  small  tall.  The  distance  bctwi^on 
I  not  vxoi'V'ding  the  perpendicnlar  desceni  of  tlw  motive  column, 
is  madt?  to  tninEmit  its  ibrce  to  each  vo»t^el  itifinr^eMion^forc- 
ttenta  of  one  into  the  next  above,  ami  so  on.  Such  a  muchine 
ing  as  showing  tJie  vxtont  to  which  tlie  prinrinlt;  of  Heron'* 
uy  l'<i  applteil,  hut  fur  prvetitral  pur[in«c«  it  in  ofliltltt  value.  Ic 
plex  (if  made  self-acting}  and  too  expitiiKi%'e  fur  cummon  uae ; 
IT  inferior  lo  the  water  ram.  It  wa»  de»crii«Ni  by  Dr.  Uarwm, 
flttU^ia,  to  which  miiderii  writers  geuerftlly  refer,  hut  it  if  an 
It  is  ligurtid  by  Moxou  iu  bij  "Mecaaiiick  Pgwers,"  Loo.  1696. 
itioued  bv  older  authors.  It  is  BuUiiauuully  the  same  tut  the 
ucain  ofHeroo.  ax  found  in  the  SpiriialiftaxMi  the  works  of  must 
hydraulic*. 

be  moft  novel  and  imercMiug  luodtficUHHi  of  Heron's  fotuuin 
id  in  the  year  174C  by  H.  A.  Wirts,  a  Swi«s  pewterer  nr  tin- 
ter  of  Zurich,  tt  J*  soiucumes  uained  a  spiral  pum]i,  and  was 
ase  water  for  a  dye  hnuse  in  the  viciuity  of  that  riiy.  What  the 
res  were  that  leJ  Wirix  to  its  invention  we  axe  not  informetj^ 
was  suggested  by  some  incident,  er  was  the  result  of  rt>nsoning 
is  represented  in  the  illusiraiioiiB  Nos.  165  aod  166,  the  first 
Btioa  %ad  the  latter  an  external  view. 


N»I<R.    TtnufWirts'Vl^inr. 


ntachine  consista  either  of  a  helical  nr  a  spiral  pip<*-  As  the 
I  coiled  roiind  in  one  plane  as  A  B  C  D  B  F  in.  No.  165.  A» 
»  arranged  round  the  nrcumfirenoe  of  a  cotm  or  c^'linrler,  and 
hies  the  wrtrm  of  a  gull.  The  interior  end  at  G  is  united  by  a 
,  joim  to  the  ascending  pipe  H.     See  Nn.  166.     TK<!  u^a  «Wi>i. 
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of  tl)«  coil  U  enlarged  ao  u  to  fbrm  »  acxiop.     When  tlu*  mar htiw,  i» 
meraAcI  in  WKtera«  rapreM-ntcd,  i*  tuutt^l  m  ihe  dircctioR  of  lUe  unm, 
\he  WHicr  in  the  itciiop,  u  the  Intti^r  ciaei^^  p»we*  aioiig  the  pipe  iar- 
ing  the  air  hefnrt:  it  Into  Q  H,  wh«rr«  it  escape*.     At  the  next  revolatitt 
botfi  nir  iind  waiter  onlpr  thu  ncoop ;  thr  vnxer  in  ilrivun  along  the  tuhi>  u 
Wron.%  liul  in  tiennmnii  from  tliv  tirsl  jiDrlion  hy  a  culunin  uf  air  ofneoHy 
equnl  Inngth.     Ry  rmitiniiing  tli«  motion  of  the  machine  another  jtotlim 
of  wnter  «ihJ  aitoUi«r  of  air  will  hu  tiitnxiucfd.  The  body  uf  wratirr  m  <!ati 
coil  will  have   both   iu  ends  hun»onts),  and   tfaa  incluoed  air  «   ' 
ahtjut   iu   natural   dnnaity  ;   but  a«  tlie  dianieieraof  the  coUa  dinr: 
wanht  the  centre,  the  column  of  waiur  which  occupied  a  •emirircltr  tn  tk» 
outer  coil,  will  occupy  more  aiid  more  of  the  inner  onea  a*  they  nj-i-n'^  fi 
the  centre  O,  till  tliere  will   be  a  certain  coil,  of  which  it  will  < 
complete  turn.     H«riiw  it  will  occupy  more  than  the  entiru  apact  ,,.i.^ 
this  coU,  and  connetjuifnUy  the  watvr  will   run  back,  over  the  top  of  (b) 
aucccediug  coil,  into  the  ri|jht  hand  side  of  the  next  one  andpu^tbc 
Water  wiiltin  ii  ba«;kwarda  aitd  raiao  the  oibur  cod.    As  mod  aa  tne  wawr 
lues  in  the  pipe  0  H..  tho  escape  of  air  ie  pruvcolcd  when  the  •eoofp 
takea  in  U*  next  quantity  uf  watt-T.  UcrL-,  then,  am  two  culumns  of  wttor 
acting  Bgaiutt  each  other  hy  hydrostatic  pressuro,  and  tliu  iuiervening  a^ 
lumn  of  ail*.     They  muil  compreu  the  air  between  Uicm,  luid  ttie  wHir 
and  air  columns  will  now  be  unequal.    This  will  have  a  general  tendeiK^ 
to  keep  tlie  whole  waier  back  odu  cause  it  to  be  higher  on  the  left  or  lin- 
ing siue  of  each  coil,  than  on  the  other.    The  eaeem  of  huiglii  will  faojn* 
Bucb  aa  produce*  the  compreMiuu  of  the  lir  between  that  and  the  pr««a^ 
ing  column  uf  water.     This  will  go  on  iocreaaing  aa  the  water  nuninv  in 
n.     Now  at  wliatever  height  the  water  in  H  mav  be,  it  ta  andeei  tbl 
the  air  lu  ilie  small  column  next  to  it  will  always  no  comprasod  wiili  '^ 
weight  of  the  water  in  H — au  equal  ibrce  most  therefore  be  cxerwd  L/ 
tlie  water  iu  the  coila  to  support  the  column  in  H.     Thia  force  ii  the  (A 
of  all  the  differences  between  the  elevatiun  of  the  inner  ends  of  the  ~^"" 
ID  each  coil  above  the  outer  ends ;  and  the  height  to  which  the  wat' 
rise  in  U  will  be  just  equal  to  this  sum.     Dr.  Qrugirry  obMrvi>i  i)<^: 
principles  on  which  tlie  tlieory  of  tloa  machine  dependa  are  conic^r-'-'y 
mvicaie  ;  but  when  judiotoualy  eonstrucLed,  it  is  rory  powerful  nnj  .  l-i;*-- 
dve  in  its  operation,     li  has  not  been  ascertained  whether  the  Iu-Ik  >^  " 
spiral  foriQ  is  best.     Some  of  these  machines  were  erected  in  PloniK.''  '^^ 
1778.  In  17B4,  one  was  made  at  Archangelsky,  thai  nuscd  a  h'-':r<H<-;uJu 
water  in  a  minute  to  an  elevation  of  sevemy-fottr  fi*i.'i,ati.l  tlin.  j-^h  * 
seven  hundred  and  sixty  feel  long.     A'c  Grcgorj***  Mechnnirs.  lol.  ii 
It  pt^rhapa  may  facilitate  an  undemanding  of  this  curious  m^rhiM- 
remarkingthat  the  presaura  exerted  by  the  column  of  water  in  •tar.  (.u 
each  coil  »  prr>portioned  to  its  length,  and  that  this  presaure  is  trosi 
ted,  through  the  column  of  air  between  them,  to  that  of  the  next:  the 
bined  force  of  both  is  (hen  mode  to  act.  hy  the  revolution  of  the 
upon  the  third  column,  and  »n  on,  till  the  aooumulated  force  of  them  ' 
is  cnmmuntcatrd  to  the  water  in  H ;  and  hence  the  elevation  to 
water  can  be  thus  raited,  can  never  exceed  the  turn  of  the  altitudes  ofl 
liquid  columns  in  the  coils. 
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LCHUfES   FOR   RAISING  WATER.  (CHIEFLY  OF  MODF.RN   ORIGIN) 

INCLUDING   KARI.Y   API'LICATIONS  OF  8TF,AM   FOR 

THAT   PURPOSE. 


CHA  PTE  R    1. 


«r  Ik*  bvvT  anta 


tone  uitnkli  ■*■»  Am  ktmt  la  iiwraMad  kf  iba  tfmam  dimafk 
Uck  •  body  Bn>-«— Birtfi  4rap  iMI  >A  fr««  (IMI  •tontlOM  M  Mak  Ik*  mm  D— tt  AfdCMkirlM 
CoNfcXa  b*t«»«  (to  Btim  of  •knp  ud  loMa-ardltarjr  tna  of  iba  imImi*— Warn  hm*— Wan* 
gai  anjuirTd  I7  nwnlaf  vatFr— Snaiplaa—Wbltabvira  awhuia — Urdnnlte  ram  cf  MmI- 
■m — "  C— nit  hyilnakqaa"  bbJ  iu  Modikaitaa^ 

Or  the  machiDcs  appropriated  to  the  fi>mT)i  division  of  tLis  work,  (see 
^  8,)  centrifugBl  pumps  and  a  few  others  have  alreadj*  been  described, 
ierc  remain  to  be  nodced,  the  water  ram,  cannc  hydmuliquc,  and  de- 

for  raising  water  by  means  of  steam  and  other  ehistic  fluids. 
If  the  varioua  operauona  of  the  lower  aiiimahi  were  investigated,  a  tliou- 
emI  devieea  that  arc  prw:tued  hy  man  would  be  met  with,  and  prohablv 
liouaaiid  more  of  which  we  yet  know  nothing.  Kven  tlie  meaiis  hy  which 
ey  defend  themselves  and  lecure  llieir  food  or  their  prey,  arc  caJculated 
impart  uaefu)  infonnalion.     Some  live  by  stratagem,  laying  concealed 

tlieir  unsuipccting  victiou  approach  mlhin  reacii.^«t]iera  dijj  pitfalls 
eutrap  them ;  and  others  again  fabricate  nets  to  entangle  them,  and 
at  the  thrciula  wirh  a  glutlnouH  substance  resembling  the  birdlime  of  the 
avler.  Some  species  distill  poison  and  slay  their  mctima  by  infusing  it 
SJ  llitiir  tilood;  while  others,  relying  on  their  muMularonergy,  suffocate 
?ir  prt'v  in  their  embraces  and  crush  both  body  and  bones  into  a  PulpV 
IMS.  The  tortoise  draws  himself  into  his  shell  as  into  a  fortress  ana  bids 
Rkuc*^  to  his  foes;  and  the  porcupine  erects  around  liiti  Ixidy  nn  array  of 
,yanet»  from  which  his  enemies  retire  with  drvad-  Thv  stn-ngth  of  iha 
the  bulfnln  iind  rhinoceros  is  in  their  tMrckx,  and  which  they  apply 
ith  resisllvss  force  to  gore  and  toss  their  enemies.     The  elephant  by  his 

igbt  (reads  his  foes  to  death  ;  and  the  hore«-  by  a  kick  inflicts  a  wound 

X  is  often  ns  fittal  as  the  bullet  of  »  riBe ;  the  space  Oirough  which  his 
ol  pasaes,  Sliding  force  to  the  blow. 

Taeixt  an>  numnroua  proofs  of  some  of  the  lower  animaU  lieing  aware 
IX  the  momerittim  of  a  moviog  body  is  increased  by  the  space  through 
tich  it  falls.  Of  several  species  of  birds  which  fi-mf  on  shell  fish,  some, 
hen  unable  to  crush  the  shells  witii  their  bills,  carry  them  up  in  the 
r,  lUtd  let  tin-ni  drop  that  iJiuy  may  be  broken  by  the  rail.  (The  Atho- 
jui  pcMTl  J^9chylus,  il  is  said,  was  killed  by  a  tortoise  that  on  eagle  drop- 
id  Qpua  his  bald  iiead,  which  tiw  bird,  it  is  auppoted,  mistook  fur  a  stune.^ 
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\>  nil    i  >L 


Wbnn  ibe  maXes  of  sbccp  or  tpmta  pivp&n>  lo  frii/^  ibcy  ti* 

TmrJcwnrds  to  9dru>  disUnoi! :  uid  Utco  ru^iiug  irapi-tuoufily  t 

tiumuliitin^  force  as  tiiuy  go.)  Ifriiii;  Oieir  furchvads  ia  roalnct 

that  somi-Umea  prove*  lual  lu  boui.    Thv  onuiL-iiU.  jivrbaps,  frani  wiiwv 

iats,  llii?  baitliia  of  lliesc  tminals,  ctrnftruc-iud  iriUiury  uo^^ice  i 

saroti  pnnriplo.  A  puniloroUB  buum  vn*  ^UMperided  kLthc  mid.:  .a 

and  one  vua  irapollcd,  by  the  united     '  i  nurnlN'r  ut  nn';;  ^i  tJu: 

potriiv  vad,  tigiunift  wulla  which   it  <]■  :  >A'iih  ^^low  Imt  anrv 

The  hklturirig  eud  was  genorully,  siid  MUii  Uiv  (ir'-^ks  iind  KummM 

fi>rfnly,  proiecmd  by  an  iron  or  uroiia^  f.*]>  in  the  limn  iif  a  '-nin'!:  br 

luid  the  entire  imttrumcnt  was  named  after  thut  nnimaL     li  ^ 

desLrucdve  of  all  their  war  muchuiery — no  building,  huWL-ver 

loDg  wnhstaod  lu  atiaoka.    Plutarch,  in  hu  Ufe  of  Anihouy,  mctuuiiu 

eighty  ftet  in  length. 

The   actinn  of  the  ram  is  fonuliar  lo   mo6l  jieopU^,  but  it   niav  mri  be 
known  to  all  that  similar  results  might  be  produced  by  « liquid  astijaHilkl 
— that  u  long  cnltimn  of  water  movinc  vuh  great  velocity  might  m>  mtie 
equally  deBiructive  as  a  baam  of  wood  nr  imn — ytx.  so  ii  is.  Wav«»  oTcte 
■OB  act  *s  wator-ronis  againfit  rocka  or  other  barners  that  imp(>dr  tMr 
proffreae,  and  when  their  force  is  increased  by  stornM  of  wind,  tha  nM 
aolid  alrnctiirt-s  give  way  betbru  them.    Tbo  old  Ughiboase  nn  the  EiiJr- 
atuoti  nicka  >vufi  thus  battered  down  during  a  eiom  in  1?<K),  wlvaiH 
CDgiacer,  Mr.  Winstanley,  and  all  his  people,  perished. 

rhu  increniK'd  force  thai  water  acquires  when  iu  motion  is  nccelfWid 
might  bu  sliuwn  by  a  thousand  examules:  a  bank  or  trough   that  •wit]' 
retains  it  when  at  rCHl,  or  when  iflightly  moved,  is  oHen  insuffirimt  whn 
its  velocity  is  greully  increased.  M^uu  the  deep  lock  ufu  canal  u>  oficmi 
10  tramtfer  a  biiat  or  a  ship  to  a  lower  level,  the  water  is  permitlrd  toib 
soend  by  slow  degreei! :  were  the  gatcH  opened  at  once,  the  nuhing  mtn 
would  tiweep  the  gates  below  before  it,  or  the  groat^r  portion  wnulJ  bt 
carried  iu  tJio  surge  quite  over  them — and  penupa  the  vess<>l  also. 
sluggish  sircani  drop*  almost  perpendicuittrly  over  a  precipice,  but  tlu 
mentum  of  a  rapid  oni-  iihoou  il  over,  and  leaves,  aa  ai  Xiogora,  a 
space  between.     It  is  the   same  witli  a  stream  issuing  fnitn   a  Iiorh 
tube — if  ibe  liquid  pass  slowly  through,  it  falls  inertly  ut  the  nriln), 
if  its  velocity  be  considers ))le,  the  jet  ia  carried  to  a  dinanev;  nrc  it  UMU 
the  ground.     The  level  of  a  erent  part  uf  Uollond  is  below  the  snf&t* 
the  srm,  and   the  dykes  are  m  some  pnru  thirty  feet   high  :   whenever  • 
leak  oenirs,  the  greatisRi  eH'orta  aro  made  lo  repiiir  it  immediaii?Iy,  and  br 
ihu  obvious  reason  tliat  the  apertare  keepn  enlarging  and  the  liquid  »■ 
behind  is  put  in  moOnn  towards  it;  thua  the   prc^tiiire  iit  incn^ued  amL 
if  tho  leak  be  not  stopped,  keeps  increasing  till  it  \ienrs  wirh  irrcaiiiatlt 
force  all  obstruciiuns  away.     A  fatal  example   is  rerordnd   iu  tl 
hiiftorj-  of  Holland : — an  iguiirant  burgher,  near  Don.  In  l>e  rev 
a  noigbbour,  dug  a  hole  through  llie  dyke  opposite  die  houe4>  . 
intending  to  close   it  after  his   neighbor's  pmporty  had  beer,    ,. 
but  the  water  rushed  through  with  an  acceleraiing  fort-e.  till  all 
was  vatD,  and  ihe  whole  country  bvcoino  deluged.     The  auritol 
well  awaru  of  this  uccumulaiinn  of  Icirco  in  nmning  wnirrs.     ADi 

to  It  are  very  common  among  the  oldest  wrilers,  and  n.r \{ma\ 

life  were  drawn  from  it.     The  beginning  of  strife,  sav  ' 
when  one  Icaeih  out  wiilcr" — iho  "  breach  of  waters'^ — ■  r. 
of  waters" — "  riuhing  of  mighty  win-rs,"  &c.  arc  frefjopntly  n 
indicate  ihe  Lrroginiablf   irifItionc«*  of -li  ■   ■viU  win' 

That  the  fon-e  wliirh  a  running  «i:  acquire*  - 


l«p.l.] 


HyArauik  Ram. 
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ive  •  portioo  of  ihf  liquiil  fmr  itl>ov«  th«  aourco  whaacc  it  flows,  ia  olm- 
tS  from  tcvend  miernliniw  tu  ntture.  Duriug  a  *t»nn  of*  wind,  Lrag 
neDii)^  waves  in  the  upcn  «ea  nltertiMLe]^  me  nni]  tiUI,  witliout  tb«*  crests 
tapA  of  any  beiri^  elevated  Qauch  above  tbotie  of  tlie  rest;  but  wb<*n 
rj  meet  from  opposite  directions,  or  when  iheir  [>rogreju>  In  audilenly 
vjied  li_v  the  bow  of  a  »hip,  by  rock*,  or  other  olatacleii,  ii»rt  of  ih* 
Ller  u  dfiveti  to  i;reAi  elevationa.  There  is  a  fine  example  n1  rhiii  ot  tfaa 
Sdyiftiiiie  roc)c»^tho  heavy  swelU  from  the  Bay  of  Biacay  luitl  t'nttn  titm 
ihXtSK,  mil  in  and  break  with  inconceivable  fury  upon  them,  »o  thai  vo- 
ffvf«  nf  water  are  iJiniwn  up  with  icjrific  violence,  and  the  celebrated 
Er  -   sometimes  appi.-ars  from  this  cause  like  the  pipe  of  a  fiiuritiUD 

p  li  «  *lupciidous_;r/  tfrau.    Tlic  light  room  in  the  old  Ughi-houie 

bA  sixty  feel  Bbi>ve  tlie  sea,  uitil  it  was  often  buried  in  the  waves,  so  itn- 
frnse  were  ifte  volumes  of  water  tlirown  over  it. 

The  hydrHuIlL'    rani  raises  water  on  precisely  the   same   principle:  a 
Muttiiy  of  the  li(|uid  is  set  in  motion  through  nn  inclined  tu)>e,  and  ila  ca- 
|M  frtKtj  the  lower  orifice  is  made  suddenly  lo  r^oso,  when  the  momea- 
tn  of  the  movinjK^  mass  drives  up,  like  the  waves,  a  portion  of  its  own 
klutnr  ti)  an  elevation  much  higher  than  that  fmm  which  it  descended. 
ni>  Tnay  be  illu«trat«-d  by  an  ex|>erimenl  faniitiar  U)  must  people.     Sup- 
ine the  lowrir  orifice  of  a  tul>e  (whose  upper  one  is  connected  to  a  reser^ 
sir  of  wiiti-r)  beclused  with  lh>^  fuiger,  and  a  very  minute    stream  he  al- 
IW«I  to  eHra[>e  frnm  it  in  an  Upward  direction— ilie  tinv  jet  would  rise 
b|iy  to   the  surface   of  the  reservoir ;  it  could  not,  ot  course,  ascend 
HBlt — but  if  the  finger  were  tlien  moved  to  one  side  so  as  to  allow  a 
F*  ■  ■   (ill  the  whole  contents  of  the  tube  were  rapidly  moving  to  the 

f-^  .0  orifice  then  at  once  contracted  or  closea  aa  liefor**,  tJie  jet 

frfiiLi  -Urt  far  aiorf  tlie  reservoir;  for  in  addition  to  the  hydrostatic  ores* 
pre  which  drove  it  up  in  the  first  instance,  there  would  be  a  new  forca 
ptJRg  u|mn  it,  deriveJ  from  the  motion  of  the  water.     As  in  the  ■»««  of 
iiimmer  of  a  few  pounds  weight,  when  it  rests  on  the  anvil  ii  exerts  a 
"essure  on  the  latter  with  a  force  due   to  ita  weight  only,  but  when  put 
timuon  by  the  hand  of  the  amith,  it  descends  with  a  force  thai  is  etjuiva- 
il  to  the  pressure  of  perhaps  a  ton. 

Every  person  aceustomed  to  draw  water  from  pipes  that  are  supplied 
im  very  elevated  (f^urcAS,  mtist  have  observed,  when  the  corks  or  dis- 
ar^ng  orifices  are  suddenly  eloaed,  a  jar  or  tremor  communiciited  to  the 
tes,  and  a  iruipping  siujnd  like  tbat  frrtm  stnnrl  blows  of  a  hammer.  These 
BCts  an*  prf<diicrd  by  blows  which  the  ends  of  the  pipex  receive  from 
r  water:  thr  liipiid  partirleit  in  contact  with  tln^  p'"B  "•  "  <->'t^k.  when  it 
turT)(*<i  to  Nlop  i)k'  dtxrhar^*,  being  forr.tbly  driven  up  aj^iiinol  il  by  those 
Itstilulm^  thi-  moving  niaa.i  Itehind.  The  pnilo^opliical  inftrumenl  named 
edJer  koMJttrr  illustralea  tliia  fact.  The  eflVct  i»  mui-h  tbe  siime  as  if  a 
id  rrxi  moved  witli  the  sanii?  veloi-ity  oit  the  water  through  tlie  tulw 
»til  it"  pniKTrjin  was  stopped  in  the  a«me  manDcf,  except  that  it*  nvv 
niuni  wiiiilil  I*  conceuirftred  on  that  p<iint  of  the  pi]*  against  which  it 
■ocjt,  wherea*  witli  the  litpiid  rod  the  momeniiim  woulil  be  commnni- 
Ird  eqoally  to,  and  might  Ih*  transmitted  from  o»y  pnrt  of,  the  lower  end 
i}m*  tulw*;  beoee  it  often  occurs  that  the  ends  of  such  pipes,  when  made 
Irftd,  wj^  swelled  grealJy  lieyond  their  original  ilimensions.  We  have 
rn  some  j  ol"  an  inch  bore,  become  enlarged  to  \\  inches  before  they  were 
ptunwJ.  At  a  hospital  in  Bristol,  England,  a  plumber  was  employed 
convey  wairr  ibroiit:h  a  leaden  pipe  m)m  a  cistern  in  one  of  the  upper 
iries  to  'lie  krirben  ticlow.  and  it  happened  that  the  lower  end  of  the 
M  w««  burti   nearly  every  time  the  cock  was  used.     After  several  at- 


WliteAtnitt'a  Wtttfr-Ham. 
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tompu  to  remedy  t}i4>  evil,  it  wm  dctenmnnl  losoldivane  OMiaf  »i 
pipe  imtneduiul,v  behiml  rite  corM,  »nd  lo  c&rry  the  other  etiJ  to  m  ti 
a  level  tu  Ow  waut  in  t)ie  cixbnm;  nnil  nave  ii  wu  found  ihai  uu  ibu^ 
tbe  cock  ill);  ()>|>i*  (IkI  not  hiirtd  u  before,  but  a  jct  ol'  caiuuiiBnhie 
•was  (itrvcti  from  thn  upiM^r  etnl  nf  this  r«w  pi{>«:  it  ittorvforv  bMaaiei 
c^MAry  tA  incretktte  ila  Weight  to  prevent  wivlcr  escaping  frcKn  it 
whicU  It  wiM  ooittiuuml  to  Uie  top  of  the  hotpital.  be-infi;  twice  tiu* 
of  tlio    ■tipplvitiK  ritt^rn,  but  where  to  tho  great  flurprifle    of  lliUM< 
coiiAtructeil    tbe  work,  suine  water   still   ismeJ  :  a  ciMern  was   tit 
plucml   to  receive  tliis  wsLor,  which  was  found  very  oonvenitrnt. 
wu  thu»  miieil  to  ilie  liigbcrt  Boora   of  th«  bnildrag  witlmnt  :in? 
labor.  Here  circumaiances  lod  the  workmen  to  the  oonMTii'  -^iir: 

run  without  knowing  that  such  a  machine  bad  been  prer}<  <     ^  i.'ei. 

The  firsi  p«r«au  who  io  known  to  hAve  raiwd  water  by  a  reia.  d^jgai 
for  the  purpoae  waa,  Mr.  Whil^hurM, »  warrthmaker  of  Durby,  in  Gl|  ' 
He  orectoci  a  machine  similar  to  tltc  ot>e  represented  by  Uie  iii>.Kt| 
in  I77a.     A  description  of  it  wnj  forwarded  oy  bira  to  the  Roysi 
and  published  in  vol.  W,  of  lh«ir  Truuwscliotis. 


Mo.  in.    WUulwrit'*  WaMr-KoM 

A,  represents  the  spring  or  reservoir,  the  snrface  of  tlie  water  in 
WAA  of  about  the  same  level  as  the  bottom  of  the  cixi^rn  B.     Th« 

f>ipe  from  A  to  the  cock  ai  the  end  of  C,  waa  nearly  six  hutKlnid  feci 
ength,  and  one  and  o  haU'  inches  bore.  The  cook  was  sixteen  feni  bdM 
A,  and  fiimiahed  water  for  the  kitchen  offices,  Sax.  Wlien  it  waa  efoat 
the  ttqtiid  Rolamn  in  A  C  wnn  put  in  motion,  and  aoquirtrd  a  Telodiy  in 
to  a  fall  of  sixteen  feet;  and  an  »non  as  the  cock  was  shut,  the  nHMlimv 
of  this  long  colnmn  opened  the  valve,  upon  which  part  of  th^  water  vaAii 
into  the  air-vensel  and  up  tho  vertical  pipe  inla  B.  Thi»t  effect  took  pint 
every  time  tlie  cock  was  used,  and  as  water  was  drawn  from  it  at  shnK 
intervals  for  hou«ebold  purposes,  "  from  morning  till  nigbt — nil  lli«  itn 
in  the  year,"  an  abundance  was  r«iaed  into  B,  without  any  exrrtiiie  n 
expense. 

such  was  tho  firm  water-nun.  As  an  original  device,  it  ts  highlv , 
able  to  the  aagacit)'  and  ingenuity  of  its  author;  and  the  inimdurt '' 
air  ve«»oI,  without  wluch  ^1  apparatud  of  the  kind   ryinkl  never 
durable,  strengthens  ia»  claims  upon  our  nsgard.     la  thin  machine  hnl 
nhnwn  that  the  mere  act  of  drawing  water  from  long  IuImm  far 
purposes,  may  serve  to  raise  a  portion  of  their  contenu  to  a  higbi 
an  objeei  thai  does  not  appear  to  have   been  previou«ly  atlwm:| 
Even  tbonghi  of.     The  device  abo  exhibiu  anotlmr  mmle,  brsio 
by  pressure  ■  .T  deriving  motive  force  from  li>{ 

and  «inBei]u.  ,   anotlier  way  by  which  the  unm  ., 

psndcd  in  nuaing   ^vaIe^  for  the  rapply  nf  eitJea,  may   a^aut  1m> 
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will)  Uie  liauld  fmci  ibe  latt-rut  pi))es.     Ni>tmdi»tand)Dg  ijie  atlvan- 
4(e«  JcriveJ   Irtjm  lucL  aii   ajjiturtiui'.  under  rircuimtunces  siinitw    to 
■'■il  by  the  Rgun:,  it  Jt>es   tiui   ufij-esr  m  have   elicH«I  l)«?  at- 
iti«*«>rft,  iior  Joe*  Wlihfliin-ii  Imnself  st'cm  «i  have  he*'v.  awara 
<  a  sulislitute  for  runu.'g  [luriipti,  in  locations  when.'  the 
I  .  tiie  cock  was  nut  rL-ijuirvd.  or  could  out  Ij«  uiied.    Had 

HMr  purvuvd  (itv  vubjuci.  ii  ts  pfolnU'le  \\w  idea  of  opening  and  closing  the 
DOCK  (by  means  oftlitf  trnmr  tUal  esc^iped)  wliJi  some  sucli  anparaiui  a« 
Gtf^irvd  111  No.  10(1,  would  buvu  occarred  tu  liim,  and  then  rus  inacliine 
b^iog  made  selT-actin^,  would  tta^e  bwn  applicubk'  in  a  tbousand  Iocs- 
tioos.  But  tli«»e  uddilions  were  not  made,  and  liie  cuU5'*(]u«oce  Wu,  chut 
Uio  iiiTvndun  was  neglected,  and  but  for  tbe  one  next  to  L>e  described,  ic 
livoold  iiKKt  likely  have  passed  into  oblivion,  liice  the  sti'ani  machines  of 
SrwQva,  Kirdter,  and  Dec«u«,  till  called  lorth  \yj  tbe  application  of  tb« 
•«m«  prini.-iple  in   more  recent  devices. 

Whcneser'we  peruse  accounts  of  tbe  Uiborsof  ingenioue  mvn,  in  searoli 
of  uow  discoveries  in  ecienoe  or  iJie  arts,  sympailiy  tcadi  ua  to  rejoice  tl 
their  sucricss  and  Ui  grieve  al  their  failure :  like  the  readers  of  a  well 
wrillea  novel  who  enter  inm  tbe  views,  feelings  BOtl  hopes  of  the  hero; 
nalise  bis  disappoiotmenis,  partake  of  bb  pleasures,  and  become  iiitercgied 
ID  kis  fmli; ;  hence  someUiinu  like  regret  comes  over  us,  when  oti  indus- 
trious e» purimeniar,  led  by  his  researches  to  the  verge  of  an  important 
diaeoverj',  is,  by  some  circumstanee  diverted  (perhaps  tcmjwmrily)  from 
it  1   aiitl  a  iiKprc  fi^^unaio  or  more  sa^^cious  rival  slcpd  in  and  bears  oS'  the 

Kriac  rrtira  liis  pmep — a  priw*.  which  a  few  steps  more  wuuld  have  pot 
im  in  piMsveEton  of.  Thus  Whiieburst  witli  the  WBiprrBiu,  hke  JPanin 
Bricb  ihe  aliMin>-engine,  discontinued  hut  n^stmrches  ai  the  most  interreung 
toint-— «t  the  ver^  turning  of  llic  tide  tbnt  would  bnvc  turriiid  him  to  the 
[oal :  luid  hifnee  ilie  fniii  of  borb  tbttir  labon  h&«  (Mintribuicd  but  to  en- 
utncc  the  t*Iory  ofrheir  &ucces«>rs. 

The  Bilirr  kyiirauUqvr  of  MontgolRer  was  invented  in  1796.     (Ita  sii* 
&or  WJUt  «  FriMich  |f<ipfr  maker,  a&d  the  »ame  ^ntlefoan  who,  In  coi^unc- 
bnn  Vf'uh  \m  brother,  invi*ntf»d  balIof>n«  in  17B2.)     Altliottgh  it  is  nn  the 
irmeinU  oi' Whilrhunt'a  mochinr,  it^  invention  is  l>elievcfr  to  have  bcun 
"■  nidepenilenr  of  ihi,-  liuter.     Out  if  ii  wen*  even  admitted  that 

:i*-"r  was  atTquainled  with  what  Wliiie hurst  had  done,  slili  he  ha<, 
>y  hi»  iiitpr-jv'eiiH>nt»,  miide  t)ie  ram  ptitirely  his  nwn.  He  lound  it  ii 
mpanitivi-lv  uwlpfts  d/^vicc,  and  he  rrndi^red  it  one  of  the  moiit  efficient 
"t  was  opgUcli'xl  or  forgotten,  and  he  iwH  oiily  revived  il.  btil  gave  it  a 
ent  place  among  hydronlir  marhiQcs,  and  actually  mad^e  it  the 
it  intemsting  of  ihf-m  all.  It  waft,  previoux  to  his  time,  but  an  embryo ; 
ben.  Itk^  another  Pn>meih«H»,  he  nor  nnly  wrought  it  into  shape  and 
uty,  but  imparted  to  il.  an  il  were,  a  priDriple  tn  life,  that  rendered  il« 
ovements  tclf-acling  ;  for  it  mqutres  neither  the  attendance  of  tnan,  nor 
iny  thing  else,  tn  keep  it  in  play,  but  the   momentum  of  the  water  it  ii 

r -'  I  lo  elevate.     Like  the  ofiranisation  of  anima)  life,  and  tbe  me- 

ity  which  the  hlomi  circulates,  the  pulsations  of  this  admirable 

iicessanily  nintinue  day  and  night,  for  montiis  and  years;  while 

'111  a  deficiency  of  the  liquid,  or  defects  in  tlie  apparatus  can  in- 

ul;i-.<-  IL  til  4tnp.     It  14,  compared  to  Whiiehunii's,  what  the  ateam-cagine 

fcf  Wffft  i»  ro  rhn(  "*"  Savarj-  or  Newcomen. 

I    V  der.ied  havinf^  borrowed  the  idea  from  any  one — 

ft"  r  .      11  as  wholly  hiA  own,  and  ihere  is  no  reason  wbat- 

Lm  his  veradry.  The  Rsme  discoveries  have  often  been,  atwl 
'•■  in  tbe  suoa  and  m  distant  countries,  inde^teMe^A^  o^  ea.(^ 
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oUier.     Il  IS  a.  commnn  oGcurcvade,  iumI  rrmn  Ae  ouiiBtii<<)ii>T<  i-^f  tr«i 
nuu)  mind  will  iilw«ya  be  one.     A  pateut  w«s  tAltcrn  ai; 
aelfsicting  nuan  in  1797  by  Mr.  Uttulliin,  thi-  partui--r  of  V.  .....    ..  .. 

rcfertMictf  wks  nuulu  in  i)h.'  M>K(^cation  fr>  Moulgolfior.  imny  p«r«onw  ia^ 
gin»rl  liifin  to  hv  of  Gn^Uth  ori^i,  »  ctrcumKlaiici*  *'-'-' 
n«irki<  front  tWir  uutlior.     "Cette  iuveiiti'iu  {»*yit  Nj 

d'uri){iiip  AtiglHiut,  elle  upfitulient   Iduih  wiiiitlre  A  U  !■  r.iii<  c  ;  jr  .Jt.:ti,T 
<{Ui!  j'eti    But«    le    •eul   iiiveiiteiir,  et  <iu(t  I'iiJL'e  ni)  mVn  a  Ctl^  rmirttif  (nr 
[>er!tf>Tii>e;  il  et.i  vrai  i]ii'uii  dv  mea  &inu  u  fait  ii«it)icr,  avrir  in>- 
ft  MM.  WaiL  et  Boultou,  copie  lie  (iludieur*  (1i;h!iiiii  ijuc  j'u'> 
<:elte  machine,  aveu  uo  mvmoire  iJiMBille  «ur  Men  ajni I i cation*. 
memes  tirMtiitx  uul  t>nl  ^'Ic  fiilelement  copi^n  dan*  in  jialvtitt-    |- 
Buultoii  tt  LoDdrea,  en  date  du  lil  Duccmbre  1797;   ci  i\u,\  i-Ht  Ufwr  vftna* 
doat  il  r»I  blcn  t-loign^  do  diaconrenir,  aioai  que  le  r«tf>nctnl>Ir  M.  Watt" 
^Vv  lutvc  indt-rtod  inla  extrant  frotn  Hachette,  bncauMt  wij  n*ally  >iipnn*««l 
on  n-ndiiig  di«  KjtecificRlioii  of  Bouluin't>  patent  in  thw  He|wrton-  «1  \n%, 
(fur  1798,  vol.  ix,)  tlist   tlie  vntious  modificatiou*  t>f  die   ram   tliRrv  dw 
crilml  wiirr  ihtf  invention  of  thitt  gentleman.     The  tnttiot  was  rramni  i» 
"  Mmihuw  Roulton,  for  Au  invention  of  improved  anpuratiu  and  nwrh^ 
fnr  nu»ing  water  and  otWr  ilutdn." 


H«.1M.    HoMnUartRn. 


K«h  UP.      I'll*  M«M. 


No.  IBS  represents  a  nmple  form  of  Montgnltier's  ram,  Tlir  trf^'* 
eolumii  df^dcoiuls  from  a  npring  or  hrook  A  through  llir  pip«  B,  ii>  : 
end  nf  wliirh  an  air  chimilier  D,  and  ri^ne  main  F,  art>  attjich***!  in  it  v 
ahown  in  thf  cut.  At  ihe  (Extreme  end  nl  B,  the  orilico  m  (i[N>Ard  aiU 
cIokmI  \ty  a  valvo  R,  iiixtt-ad  of  tb«  i^nrk  in  No.  1G7.  Thia  valvD  ojh'I* 
duwuwunla  and  may  mibnr  1m*  a  aphprical  one  as  in  No.  Ifi8,  or  a  romnwa 
Kpindle  one  aa  in  No.  16i>-  It  in  the  play  of  tJiia  valve  tbal  r 
niitcliine  aelf-ncting.  To  ai?>en)npliab  thia,  llic  vaIvp  is  ni.id'»  r. 
Mritb,  sucb  a  weight  aa  just  to  open  when  the  woier  in  B  i 
inuat  be  so  heavy  as  to  overcome  thn  prussure  a^niit  iff 
closed,  aa  represented  at  No.  169.  Now  Mipposr  this  ^ 
No.  IGfi,  ihe  water  Howin^  through  B  sr>on  aci^uirra  ai:  - 
that  carries  up  the  valve  against  ha  seat ;  then,  as  in  shutting  the 
WhitBbiirsl'ft  nwehine,  a  portion  of  ll>e  water  will  enter  nml  rise  ia, 
valve  of  the  air  chamber  preventing  its  return.  When  this  has  tal 
thi;  water  in  B  baa  been  brooghl  In  rtst,  and  as  in  r^-  ■■  ■'•■•■  -•- 
la  iRMiAiriKnt  to  sustain  ibr  weight  of  the  v^ilve.  E  ' 
wat^r  in  B  Is  aeain  put  in  motion,  and  again  il  cIom->  r.  »i  ihio 
another  portion  is  dnven   Into  rhe  air  vessel   and    pipn  F  ;   bmI 
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opcmion  U  ronnnncd,  u  Ions  u  the  spring  nflbrds  n  snfficic&t  suppljand 
tin?  'ippiiratus  r*-(r,riifis  tn  order. 

Th.'  rt'irCnre  of  the  w«ter  in  ihe  .'prittg  or  source  sboald  alwavB  be  kept 
at  th*»  ^4iiu'  elevation,  go  ilnu  iu  preMuiv  Bg«infit  ibe  valve  E  itmy  alwaya 
be  iinilorni — oOK-rvrigu  ihp  Wfigrii  of  E  would  have  W  be  sitereo  u  the 
mrfiu-/>  of  the  ^^pring  rose  and  telL 

Tbi^  he«>inf))l  inachioe  may  if.  ulnpind  ta  numerous  lofjidons  in  every 
eonntrv.  Wbeit  the  (jerpcwiirular  lal!  from  the  spring  to  die  valve  E  u 
but  n  lew  feet,  end  ihe  waier  is  required  lo  be  raiseo  to  n  considerable 
bright  through  F,  then,  the  timgtii  of  the  mm  or  pipe  B,  must  be  in- 
creased. (Hid  lo  surh  an  extent  ihut  the  waier  in  it  i*  not  forced  bark  into 
the  jpring  ^hen  E  cloiieit,  which  will  always  l>e  the  mse  if  R  is  not  of 
fiuffinenr  length.  Mr,  Millington,  who  erected  sevejml  in  Rnglaii4l,Ju»tly 
observe:)  that  a  %'er}'  imignifirant  prensing  column  ti  capable  of  raiding  n 
very  high  amending  one,  90  thui  a  suRirioni  t'nll  of  water  may  be  iihtnined 
in  ftlmoAt  e^erj"  running  brook,  by  damming  the  upper  end  lo  prodace  the 
reservoir,  ^nd  riirrying  the  pii>e  down  the  nittural  chaniMil  of  the  *tream 
tinbl  a  viitTi(-tiMii  r,>!!  \*  o)>tdined.  In  ihiM  wny  n  mm  ban  lieen  made  tn  raise 
oiw*  hundred  hovaliiml*  of  water  in  twenty-four  lioont  to  a  ]M*rpendi('iilar 
hetgbt.  ofon**  hundred  and  thirly-fnur  feel,  by  a  lull  of  only  four  feet  and 
a  half.  M.  Fiitchrr  of  Scb»£niausen,  couHlructed  a  water-ram  in  the  form 
of  a  beaufifiil  antique  altar,  nearly  in  the  Htyle  of  tliat  of  Gsculapius,  as 
rvprr^ented  in  various  engravingsi.  A  basin  about  six  inches  Ju  dcplb,  and 
fnni  ejghfeen  to  Iwentv  trii^^bes  in  diameter,  received  the  water  thai  formed 
the  mniive  column.  This  wiiter  flowed  through  pipes  tiirec  inches  in  di- 
ameter that  descended  in  n  spiral  form  into  the  base  of  ibc  altar ;  on  l)ie 
valv"  opening  a  tliird  of  i}te  water  eseaped,  and  the  rest  wasfurced  up  to 
a  cnstlr  m*vc(h)  hundred  feet  above  iJie  level  of  the  Rhine. 

A  li'Ug  lube  laid  uloti|{  tiie  edj^e  of  a  rajiiil  river,  as  the  Niagara  above 
the  falls,  or  the  MUsisMppi,  might  tliua  l>e  used  mstead  of  pumps,  waier 
wheeU,  •team-en^tiien  and  Imrsea,  to  raiiu  tJie  water  over  the  highest 
Imnks  and  siipply  iuUnd  Mwus,  howevt^r  elevated  llieir  location  might  be; 
and  them  is  scarcely  a  farmer  '\U  the  land  but  who  might,  in  the  aluence 
of  otber  sources,  furnish  bis  dwelling  and  barns  with  water  in  the  Mme 
way,  trom  a  brcKtk,  creek,  rivulet  or  jxind. 

if  a  ram  of  targe  dimensions,  and  made  like  No.  168,  be  aaed  to  raise 
water  lo  a  gresl  tdevation,  it  would  lie  subject  to  an  inconvenience  that 
wtiuld  soon  destroy  ibe  beneficial  eflecl  of  the  air  chamlier.  When  speak- 
ing of  the  air  vessels  of  fire-engioes,  in  the  third  book.  We  observed  IJiat  if 
sir  b«  Huhjerted  lo  great  pressure  in  contact  wiih  water,  t1  in  time  be- 
comes uicorporated  witli  or  absorbed  by  ihe  latter.  As  might  be  supposed, 
•lame  thing  occurs  in  water-rams;  as  these  wI/imi  nsed  are  tnces- 
]y  at  work  both  day  and  night.  To  remedy  this,  Montgolfier  ingeni- 
onsly  adapted  a  very  timall  i.'alve  (owning  inwaixl*)  to  tlie  pipe  beneath  the 
ijf  chamber',  and  which  was  opened  and  shut  by  the  ordinary  action  of  ihe 
machine.  Thus,  wlien  tlie  flow  of  the  water  ihmugh  B  is  suddenly  stop- 
ped by  the  valve  E,  a  partial  vacuum  is  proditred  immedlalely  below  the 
air  chaiober  bv  the  recoil  of  t!ie  water,  at  which  inslant  the  staall  valve 
opetM  and  a  portion  of  air  enters  and  supplies  ihat  which  llie  water  ab- 
eurbs.  Sometimes  this  imij)ing  valve,  as  it  has  been  named,  is  adapted  to 
anochi'r  chamber  uiunediately  below  that  which  forms  the  reservoir  of  air. 
as  u  B  in  No.  1C9.     In  BmaU  rams  a  sufficient  supply  ia  found  to  enter  at 

Use-- K 

ur  ckamben  or  vesseU  are  oot,  strictly  spi'aking,  consttuwwt. 
eleiii>;uu  'ji  wcfei^rvos,  tb«y  are tDdispcnmble  to  ihe  ^erauneuv  oyanKwn. 
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of  thmtQ  mitrliitiei.  Without  tliero,  the  pij^es  would  booh  be  niptuiiMJ  It; 
violaot  coii'-uxnuii  omM-quful  im  tlif  iiiidiJL-u  stuppncc  ufUie  ctllux  i; 
R)(*tiv«cul<iiiiu.  They  ((erfui  III  a  «iiiili>r  [virlttittMt  of  ibt  1  "* 

wbicli  tlie  aucic^iitit,  when  bt'diegwl,  inU!rp>T*i?d  IjeiwetJHih' 
bmtvriiig  rams  of  ttw  besiegeri',  in  order  to  break  Uie  fnn 

The  mn  hu3  also  beeu  ustd  lu  a  luw  cuscs  to  nitu:  ■  aUi 

plierlc  pn^saiirii  froin  a  lower  level,  so  a»  to  discliiir];^  it  ui  Uil*  narac  1 
wiib  lliu  motive  column  or  even  higher.     Sec  Stjfhim  Ram,  in  next  ( 

The  device  by  which  Mcmlgoltier  mode  the  ram  seU-ociiug.  i*  one 
ihe  neatest   im'iginalile.     It  is  atuque :  there  never  U'as  lui^  thing 
ill  ^raeucat  h^ilraolics,  or  in  the  wliule  range  of  the  arts  ;  and  itn  nun 
i-ii^  is  equal  lo  its  novelty,  and  useful  eflecu.  Perhaps  it  may  be  Mud 
hv  only  added  a  valve  to  Whitehurst'e  machine  :  be  it  so — but  thai  am,' 
pie  valve  instantly  changed,  as  by  toafpc,  the  whole  cliaractiir  of  '.V'  't 

KLratua — like  the  mere  change  uf  the  cap,  whicli  traiiffurmeJ  ihr  ■ 
akim   into  Saladin.*     And  the  emoltotu  of  Cceur  de  Lion,  u{K)i;  : 
his  jTreal  adversary  had  been  liie  physician  in  disjjtiisc-,  wore  not  nn 
{{inBite  than  ihuse.  which  an  admirer  of  Uiis  departtnent  of  phili^-"  [  liv    ^ 
perienceo,  when  be  conu-mplates  for  the  first   time  the  iiietfttnni|n,    i- . 
the  Knc^idi   machioe   by  tlie  French  Suvaa.     The   luime   uf  Monif   -  * 
will  justly  bo  assaoaied   with  this  adtoirsble  maRlune  in  futnrr  .il:i> 
Wheu  all  poliiical  and  ecclesiastical  crusaders  are  fnrs-nlten,  and  the  me- 
moriea  of  all  who  have  hewed  a  passage  to  notoriety  merely  bv  the  nord, 
wUI  be  detested — the  name  of  its  iovontor  will  be  emlialmed  m  the  tccul- 
lociions  of  an  admiring  posterity. 

The  water  cane,  or  ntwu  ht/drauiiytie,  raises  wftter  in  a  difTnreni  nu*- 
nor  from  any  apparatns  yet  desJ^ribed.  A  modiiicaiiuti  uf  it  in  mttiiAiOR 
hajt  long  been  employed  in  the  lecture  room,  but  it  is  seldom  mcl  wilhin 
doacriptiuns  nf  liydraulic  machines.     It  is   rcpresfnted  at  No.  I«0:  ->*^ 

eoosist*  of  a  vertical  tube,  i:i 
Ward  sppoarnnce  like  a  w&kv 
eone,  bavin;;  a  valva  o[>et]tii;  up- 
M^anls  at  tlie  bouom,  nml  [lUc^l 
in  the  liquid  in   bn   raio"!      ^"-T- 
posu  tlif>  lower  end  lv 
teen  inchvs  below  ihr 
wtoer    of    Course     would     t-nui 
thmugh  th<^   vnlvi>  aixl   ttunt]  n 
the  same-  hoighl  witliln  «»  with- 
out :  now  if  the  niW  were  mtifi 
r'ckly,  ImH  not   sntirt'ly   out  •' 
wawr,  the  valv^  wntUil  --i— " 
and   the  liquid  within  wi> 
carried  up  with  it;  and  If.  .x,^,. 
the  tube  waA  at  tbr  biehtitu  ^nnOi 
of  ilmt  Rtmkr.  it*  r,  ■     , 
dtnlif  m'rruvi  (by 
ihn   liqntd   Rotiini 
still  roniinur  to  .. 
mom4*titiim   impiiiTttJ   tn  ii«£{ 
first  wn*  *"tpt-(t<lfd  :  ?ri»nf»'  «  -ra- 
cuily  «■ 
part  of 
a  freah  portion  of  water  would  enter,  and  by  tr ; 
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lub«  wai^d  becone  Glled,  ood  k  jet  of  water  woald  dien  be  thrawn  frmn 
lliD  upper  uriHcB  u  every  stroke.  Thla  cfTuct  obvioualy  dopeiids  upon  die 
rapidily  with  wliicli  the  iustrument  u  wurkcHl,  i.  e.  a  sunicicnt  rclucJnr 
nuu  be  ^veo  Ut  the  wtler  by  tbe  upwBnl  etrukc  to  piwcut  tl  tletoemt- 
lujf,  LiU  tilt'  cube  ftjniiu  roaches  iho  lowest  point.  a>Ki  conaequouUy  reoeivKS 
iLouiher  fiupply  of  woii-r.  The  initrtunent  ghnuhl  be  stnuf  ht  una  the  bora 
UDixnli  *na  lutiforis,  ibit  the  lujuiil  may  gliilt.'  tlirut)|*h  with  ibe  leul  po»- 
nble  obstrucnotL  A«  il£  k-ng:h  must  \tp  eciuul  to  uil*  clrvuliun  to  wliicfa 
ibe  water  is  to  bo  raised,  it  id  ttecesmmly  iil  limited  application,  luid  e«po- 
ctally  so  atnoe  tbc  whole  (both  water  uihI  uppuratus)  ujls  lo  bu  Uflcd  at 
every  stroke — nui  merely  the  liquid  thai  is  disohorgcd,  but  tbe  whok 
ocmtenu  of  the  mactuna. 

By  inakiiig  ibf  upper  part  of  ibu  tube  iilide  within  Hitotber  tbnt  is  fixed, 
B  ahurL  purl  only  uf  the  apparatus  might  lliei]  be  miived.  oiid  by  connect- 
l/ie  an  ur  cboinber  as  in  Nn.  171 ,  u  continual  Htreum  I'n^rn  tbe  dischai^Df; 
oriBce  might  be  produced.  A  ainlKng  box  should  bu  adapted  to  iho  vnd 
of  the  fixed  tube.  Huclieiie  sufigcsled  the  applicadon  of  u  flprihg  pole 
(like  thos«  D«cd  in  o]d  lathea)  to  communicato  Uto  i]uick  rociprocaiiug  nio- 
liofl  which  these  macbinoA  rcijuire. 

No.  172  n^presL-nis  uiiutlier  form  of  the  itiatrnmcnL  Two  spiral  tubes 
coiled  round  in  opposite  direcliuiis  arc  secured  to  and  mo%'cd  Ity  a  verti- 
eal  sbofi.  Thpir  upper  ends  arc  united  and  terminate  in  one  discharging 
orifioci  the  lower  ones  are  euturged,  and  each  has  a  vaKc  or  clack 
opmaoff  inwards  lo  retain  the  uiiter  that  enters.  Bv  means  of  the  handle 
A|  which  is  mortised  tu  tbe  abuA,  an  altenmting  circular  motion  is  im- 
parted to  thf  whole,  and  ilio  water  thereby  raised  through  these  coiled 
iuIm^s  on  prci'isuiv  the  same  principle  as  through  the  perprndicular  ones 
juBt  described.  Thus,  when  iJie  handle  in  moved  either  tu  the  right  hand 
or  TO  the  loft,  one  valve  closes,  and  the  water  within  receives  an  impulse 
that  continues  its  motion  along  llie  tube  after  tbe  movement  of  t)ie  lutter 
u  reversed  ;  and  by  tlie  time  its  momentum  is  expended  a  fi-esh  portion 
of  water  ha«  eutercd  that  prevents  its  return.  In  this  manner  all  the  coila 
beenme  6lVed,  and  then  e%'cry  additional  supply  that  cntem  below  drives 
before  it  an  «i\\i»\  portion  from  tlie  orific*  ahove.  This  machine,  tliere- 
fore  diffeni  from  Nos.  IVUand  171  only,  in  hiding  odupteJ  to  a  horizon* 
ul  instead  of  a  perpentlictilsr  movement.  Each  tube  in  the  Rgurc  forma 
■  distinei  machine,  aivi  should  be  considered  ivithout  reference  ti^i  the  oilier. 
Their  discharging  orifices  are  united  to  show  how  a  coiisisnt  y:-x  may  b« 
produced.  By  mnking  the  upper  part  turn  in  a  stuffing  box  in  the  buttovD 
of  a  Rxei)  tub)-,  a«  in  No.  17  L,  water  migbt  then  bo  raised  bighrr  than  the 
movable  part  ofthfi  apparatus. 

That  property  by  which  all  bodies  tend  to  continue  either  in  a  slate  of 
real  or  motion,  viz :  inirtia,  increases  the  effect  of  tbe.Ke  tniu:Kinc«,  for  when 
the  momentum  imparted  to  the  lir^uid  in  the  tubes  is  exhausted,  inertia 
alone  prevents  it  from  instantaneously  flowing  back,  and  hence  there  i« 
time  (or  an  additional  portion  of  wau-r  to  enter  at  the  valve.  The  action 
of  the  conne  hvdmuliijue  is  similar  to  thai  by  whir.h  persona  ihruw  water 
CD  a  distanri!  trom  a  bucket,  or  a  waxh-basin.  The  momentum  given  to 
thesr  vcissmIs  and  their  contents  carries  tbv  lattiT  to  a  di»<nnce,  while  tho 
firmier  ore  held  baek  or  retained  in  tlic  hands.  Cuals  are  liiua  ihn^wn  from 
a  scutili*,  t^artb  frum  a  ghuvel,  and  ii  is  the  same  when  a  Lruveler  on  a 
>*-«•,  fir  when  drau'ii  furinuslv  it'  an  upeii  carriagn,  continues 
V  afu-f  the  animal  suddenly  olitpii — hut  ailheaion  tu  hia  Mat, 
9iu^  tut&ctenl  to  resist  tbe  inotaJ  inertia  uf  liis  body. 
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HmIUm*  ror  rtlMil  «il*r  b^  In  .  Kir  buIiuie*—  tnCioal  ««<tlnj  yl—     fthi«M—  W  ^1 

■•d  cnaJraiaHun  by  told— Anclaai  Ef  j)auai>  lu^niiirJiWK— 3tM>B  at  ll«ili«ili     Jlxtnm*  rfl 
UM  BU4  «f  MtMaoii— Dw«m'  ■ihI  KltcbiirV  uKdiMTT  lo  (crouai  IW  Uia  tvaaik  «f  a>  ThalM  1 
Kauaiktoa  IkfaialuavT  MvmiiD^-llatliiBi  lb*  nkiutf  aiuar  li;  <he  •iiii'i  Iwai,  ftvM  Hrrnn     ffwfcr 
■Mklan*  la  (be  •dtBCBibMOisry— .lir-M*cMnwl>rPoru  adiI  Uec*a»~UHitlltiif  tif  Ibficaad 
Meat  *l>  mai-biana  tij  Omlibla  anil  IkMMiB— Atr  maclilar*  urlaJa«lif  •mtwary  flfv— ^mliAniili 
•■|>(trr*d   to  aiKituI  alUn— BiMU  «llBr*— TiMk*  |><Tf«rwt4  bj  tk«  bfaUwii  |<n*Ha  bIU 
b;  b^alfid  air  vjjd  4-a|Kir^BK5tJB*  dufilojfal  in  aaaWnt  altar*— Trkk*  |i«vft«in*J  al  a)lar*  viaffliMfdl 
Hutu*— Allarlliat  IrnJa  ibrlf  wilh  H  \mti.  faau  Harm— InftauU^  dtapUyad  by  Mu:i*kl  |iti 
nT  Ifea  noifila*— Tlia  Sptrtlatia— SkaMb  of  incumM— CariaMt  t.aMnl  Tan. 

A  suparaiu  tK>ok  miglu  widi  propnut^  tiuvc  l>t%n  <Jvi-uti>tl  lu  nweliimf'] 
which  nuMc  wuUt  ihruu^L  [ub«s  bv  iiieuLiiB  of  tlie  wuiglii,  prvfiurv.  in>- 
mentuui.  or  ulliur  uuiural  propurliu*  of  Uquidp,  wilhuiil  Uie  oocdMrj  m* 
tervuuliun  of  wbtM-le,  craiiKs,  levore,  jcc.     With  tucli.  ifaotc  Do«r  in  b*^J 
liuscribvU  luiKl't-  ulao  have  been  cluaed,  since  chey  loo  rvi^uire  n««i!M^^| 
oxturuol   nuicniiMiry    iwr  force.     They    differ   however   froin  pr««'"»"^fl 
cngiiitie  ttud  water-nuns,  awl  every  oiiier  device  yet  uotice<l.  in  biingiAg 
iiilu  iictioH  II  new  cleraeBt,  vi«.  Afoi  or^f.     Ii  ii  by  this  ihof  ■'     '— ' 
upan  which  ilieir  movemenu  depend  »  generated,  viz,  in  Ud' 
Oi  elastic  fluide.     There  are  two  kinds  of  ihcje  roaohinci  wliich  ai;i>-'  ^ 
cording  to  the  Quid  medium  upon  which  the  fire  19  made  lu  net.     In  r"*" 
ifati  is  common  tiir,  in  others  itrasn  or  vspor  of  wnler,  and  sDmeiinit 
ne&m  and  air  hiivc  been  employed.     Tbe  present  chapter  is  ajipmc 
10  air  machines.     These  might  be  divided  imo  (wo  clii5i><<«,  uccor 
ibe  noiure  of  (he  heat  employed  ;  in  sonic  tliis  is  ilerivv.l   from  d 
ia  ochen,  from  ordinary  nre.     Thone  in  eaeli  chiss  migiii  nlsn   be 
od  Bccordmg  to  that  property  of  (he  nir  upon  u'hich  their  artion  depcpd 
ris.  1.  the  force  developed  by  its  expansion;  ^tJie  vttcuum  fonne-l  hyj 
condensation  ;  3.  tho»e  m  whinh  liotn  nre  cnmbincd.     The  tirst   tnighl  I 
compared  to  forcing  pumps,  the  second  U\  sucking  or  altnosphpric  ones, 
and  the  third  in  ihnse  which  both  suck  and  force  up  the  waier. 

h  was  obwrved  in  the  second  book  (page  176)  tJial  all  gases  or  ain 
are  expanded  hy  heal  and  eontrocletl  by  cold.     A  proof  of  this  ia  aSar  '-*""' 
by  the  usual  mode  nfempkiying  oapping-glaeaN ;  a  minute  piere  of 
ton  or  sponge  dipped  in  olctihol  is  tnnamod  atul  placed  in  a  glaas;  u{ 
which  the  air  h.'c»mG5  diliilL'd  or  increased  in  bulk,  so  ihu  a  gTEat  porf 
ia  driven  qui  to  make  room  for  the  rest ;  the  mouth  of  thti   instrurannt  m 
then  applied  m  the  place  from  which  blood  ia  to  bo  wiitirlmwri:  the  3axna  of 
the  oooon  is  thereby  extinguished  ami  oa  (he  rvv  jniTs  r«»I 

ir  cannot  reiiumn  its  pm-ious  state  nf  density,  m.  n   \-nf^tii 

or  ifoid  i.*  lel^  in  thi'  glsaa.  Plomhem  wmelimfs  iniiku  -in 
of  sheet  lend:  and  on  Aoldering  in  the  covers  (he  trin: 
conmincd  air  it  so  grcnlly  iiicrroaiid.  ihnt  Wrore  l3ic  ^(iIHiti 
a  large  ptiriimi  ts  expelled,  and  whnn  the  boxes  U'conw  r 
ia  fonnd  vli^Uy  eullapsi'd.     This  restiU  is  the  rei|uinsd  praof  nf  the 
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uai*  being  tight.  Now  it  ia  clear  that  if  •  connniiincatioii  was  opened  by 
>  tube  betiA'wn  tbr  interior  of  otio  of  th«>5o  boxae'tuitj  a  vessel  of  water 
placed  n  few  f»ei  briow,  that  the  U^iiiti  would  bo  Ajrood  into  it  (by  the 
aUncMphere)  until  tJie  contaioeii  w  ocoipit^d  no  greater  spncc  Jian  it  did 
bafbre  any  pitrt  wnx  drivnn  out  by  thi-  h««t  Tbis  muilf^  of  nusinc  l>({uids 
may  bn  iIluKtnttcJ  at  ihi?  lea-tablu  :  Lei  «  sniiccr  )»;  biiir  liilud  wirh  cold 
water,  IioliI  xn  tnvi^rtvd  cup  just  ovor  it  and  apply  ^i*  n  niuini'tit  a  atnall 
•bp  of  ligbltfd  papr-^r  to  tbc  intcrinr  ol"  t)n;  cup,  clri^  tbf  paptrr  on  tbe 
waller  xnii  cov(>r  it  witb  thf  cup,  wiu^n  ibo  buiiid  fstnttxiAt  uf  tbc  saucer 
will  lie  inBtantly  forced  up  intn  Uif  inverii'd  vesriel. 

If  an  inverted  gliuM  sipliort  W-  [Mrily  filltid  u-iUi  water  and  the  oritic* 
of  one  le|;  t>e  then  cloaed  and  tbiir.  leg  \if.  beld  tn  l}ie  iirt^,  iJit-  nir  i-xpsnd* 
in^  will  Antv  out  the  liijutd  nitd  nauntr  it  to  ni^i-i^nd  in  tbe  other  leg. 
Several  philosophical  tnNrTiimeiitx  ilhtittratr'  thif  kihih!  tbinu.  Prfviou«  Co 
(be  discovery  of  ntUKMphf  rin  prasMure  mid  tkt!  inVKution  of  the  bvnimvter, 
the  expansion  of  air  by  1k«i  wa«  the  primsplK  upon  which  the  «nci«iU 
Weather  glasaes  were  conntructed.  T}iey  wore  made  in  f^eai  variety. 
Tbc  simplest  consUteJ  of  a  gltuui  liib«^  having  a  bulb  blown  on  the  cloMid 
end.  It  was  held  over  a  fiiv  to  lUlale  tlie  air,  and  tbe  open  t^nd  wa« 
tbeo  plunf^d  into  a  veasel  of  water.  ltd  cniisti-iictinn  was  the  same  u*  llie 
nodern  barometer.  Varialicina  in  the  temperature  and  di'usity  of  the 
■tmospbere  caused  ibe  water  to  rise  and  fall  in  the  tube,  as  tbe  ooutuned 
air  was  dilatc^d  and  contracted,  and  thus  changes  in  tbc  weather  were 
iMHcatcd.  From  ibcse  instruments  the  barometer  received  ita  former  name 
of  "  the  weather  (•laits."" 

Tbc  dcgre<>  of  elevation  to  which  water  can  be  thus  ratsecl  depeods 
Upon  the  temperature  to  which  the  contuned  air  ia  subjected  ;  its  dilatation 
or  increase  of  bulk  lieing,  aocovdisg  to  Komo  aulliors,  in  common  with 

■  Tba  (bllowiiix  tatiriut  rmm  a  hnirk  publisbsd  tea  fHBm  bBforr  the  diocovsrv  ot  at- 
■ie«[ilM!ne  prSMure,  tn\y  Lntnrn^i  uime  r«>ulars.  Altnoiigh  th^  in*ln)nieiiU  to  wbicb  it 
refers  art  n«  longer  in  use,  lliey  uu^lil  out  \a  he  outirelv  ftirgolien, 

"  A  wealJter-glMBe  iH  a  ■iruFiiirc  »rnl  liir  IcohI  im-o  jtliuwi  [u  lulie  and  ihe  vessel 
contaiiiinjg  llic  water]  •n[nrliin^*oribn><>,  Tnum.  nr  iiiorp  it>  (m^iutioii  ■rrictbi.  rnclonin^ 
a  (jaantiljr  ofwnlsr.  nii4  «  p«r«>on  of  nv•^r  prnporfiaiinbte  ;  hy  whoac  rnnilvnaacioo 
or  rarifii^tinn  ilia  included  wsisr  !■  vuhjeni  nnio  a  oontinunl  tnncioii,  eiiher  upwsrd  or 
domi«*BrJ  :  by  which  laecivn  of  the  water  is  oo Qtiiiouly  fbrc-tltuvm.  tlit  •<«»!.  duinfa, 
and  alierscion  of  the  weailier;— ^r  I  speak  nn  iDar«>  than  what  niv  dwii  esiierienCH  kslh 
auuU!  tut  iKiliI  to  sffimi :  ^nu  tnay  (the  liini.-  ofthir  ytiar.  iiii<l  ihr  fnllowmn  nbrntrvncioiu 
ttBderslfiiidiiisly  caii'iHered)  Live  able  ei-rraiuly  to  lotelell  iJie  altersciOTi  Ar  uncertainty 
aTttu!  ¥r(!atliEr  a  food  mnnv  hnura  baram  it  r.iima  In  piuii. 

Thar*  arv  divor*  wvornJf  Ik'hioiM  oT  KMiljer-K^u^t,  bnl  principally  two.  1.  Tha 
eiTculsr  i;taMii>  %  Tli«  |>«rp«ii<iicu1ar  |[la«i).  Tii«  purpandiculsr*  ar«>  wiilm  *iiiKl«, 
deubtr  or  lr«bl«.  Tiiv  single  perpnndieulsn  are  of  two  »»rtR.  eiilier  liii  ur  nitivnubiu  : 
The  lUi  arc  orooDtmry  aiislin<!H :  either  sueh  whose  incliidcil  water  dotli  tnove  iipxanj 
wiibciold,anilihiH-ntvii.rdwiiihhra[.nrel*o  upward  with  hfnl  iind  downward  wiih  oald. 
In  Ihedonlile  and  trrlili- perpeiidiciilnnt.aa  the  wnlei  awcmtiiutti  in  onn.  il  Hi.-i<ccindeib  as 
much  ur  tuore  ui  the  utiii^r.  hi  the  nnitrable  p«r|)«ndieuliu«.  lliu  ^^ttiue  being  attificially 
ImiiihI.  II  movnth  ap  iiml  down  witli  th«  wat»T." 

ThcsiitbairlbpnileirriljaatlitirariuuakiiidamuillionediHil  ti<ll*liUroaili>i  ■■  iryoudoa 
wsU  ohsorre  tbe  Tonn  ofibe  fijcurei  jrou  cannot  fo  niaisH."  Ho  ■■■a  k>vc*  liitKciions  for 
BMliinx  coloured  water  Tor ths  tubes,  iincbas"inBybebotliBnoruiuiient  iuih«  work  and 
delrclnhir  to  th«  erf."  Trcaline  nn  An  and  Nninro.  A.  I)  WS.\  or  4.  ^e«  account  nfthh 
bnok  pnicQ  -fix .  A  modi  lies  lion  or  an  air-glun  may  he  r<ii]iiil  in  Hit  For<'ibl'-  Uovctnenis 
ar  Dncau*.  i  pWltt  viii.J  wliich  he  riniBimun  t'.nginr.  thai  fhutl  man  t^ittrtf.  Lord  Baeoo. 
tn  f*ho*^  t)iiii>  thuH-  air  iitai4>>>  wnrH  roin'riiiii.  rir«wenl^  what  appmra  to  ham  be«a  an 
iipprovci]  line  an  J  ofliiiiouu  itnvciliuii,  lu  lliv  i'-atl  ufF-oM.  who  il  is  ssid.  waa  w  capti* 
vated  »  rth  it  Ibai  Ii4<  prwiitud  Hi*  doiiur  with  Txrirkenhiiin  I'aik  tini]  ii«  icardan,  as  a 
niacfl  for  liii>  aiitdie^      The  iii*truri>t-ni  wtu  naine^  *  -1  *rfra  eitriont^  vf  nalun,  roArnAf  to 

titm^ MUrf)  im  ^  <i«atUr     liu  account  uf  l^rd  Bacon*  \VntWii,\jniAtiti.\'&'^- 
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otber  ptfrmftoenlly  etoaDo  fluids,  in  i  gftomotrical  irwfpn'wifjn  m  et^i  ir- 
crctncnis  of  tiPM.     A  volurno  of  ur  u  ordinan,'  < 
over  mir  tliiril.  if  mUtMl  lo  212*'  F«lirwnhciL     A- 

(about  600^)  it  U  more  than  doubloiJ,  wkI  at  tbc  bant  nl  llOi}-^.  u  would 
iH*  tri|iU'<).  Let  n  siiiaII  glajt«  tubr  Up  uurbrj  tii  liiu  mtck  of  a  F^onms 
flask,  and  hnnl  both  in  boiiini;;  water ;  il'  itic  end  of  iJio  cube  be  tliCQ  plicni 
in  mfTcury,  the  latti<r  \)rill  an  the  air  b^comp-S  cooled  ru<.'  to  thi;  tuho,  tu  (ht 
height  nfien  ineh(>5 — f^^aat  in  ahout  eleven  feri  of  wtuit.  Jf  iboj  \mw 
faeoipd  to  aOfP  it  would  riac  to  fiflnen  inches  ;  ami  if  in  I  lOO-^  lu  vrnetny- 
one  or  two  Inches.  We  faavo  connected  u  tuba  lu  the  niDiith  of  a  cantffioe 
ouart  bottle,  aixl  after  heattag  the  latter  ovtir  a  Gro,  placed  the  enl  td 
the  lube  in  mercury,  and  on  ntmoving  the  sshole  to  the  tf[H<n  air,  then  il 
60^,  liie  nii-rcury  iti  a  lew  rainuies  rose  to  sixlecn  inches;  bemrif  ntker 
tnoru  than  one  bnlP  of  tliu  air  had  buen  t-xpulk-d  Uy  the  heat. 
cfTuclx  take  |ifnc»  when  the  eni;lused  air  is  rlrif  ;  but  iHl  tw  moist, 
drop  ur  two  of  water  be  in  the  vessel,  the  nrentl^  an*  ^nraier,  Ih>c 
vapor  (if  tlie  lii^fiitl  would  alun«  till  or  nearly  fill  the  vessel  and 
drive  out  a  c<irre<iponding  quantity  of  air. 

Thi4  mode  ofcrealing  a  vtvcutim  and  raising  watic^r  \iy  li. 
eondenntinn  of  air  i«  now  seldom  iMud,  because  superior  i 
iniitnated,  are  oblainorl  from  dtenm  and  with  lean  eTpetise.     Air  mwiiaM 
are  however  inierrAling  in  xcveral  re^pccu.     They  arc  amontr  '^•'*  i'^'*:^ 
examples  of  elastic  ftuid«  being  emplnyed  u  a  moving  power. 
alternate  obatigej  of  temperatui-e.     They  coniiitute  t)ie   tirat   ii; 
chain  of  derirns  lliat.hiis  now  tcrminntcd  in  the  Bteani  en^ne,  biu  vliickl 
will  probably  be  prolonged  tlirough  future  ague  bv  tha  addition 
more  eflScianI  mechantsdt.     In  this  view  of  tb*  subievu  air  inaohi 
eoutiect  the  researches  and  invenuons  of  antiifuiiy,  in  the  devflopmc 
appUculinns  of  the  most  voluublo  because  most  pliable  of  all  mouve  forMii 
with  every  impruveiDem  future  enginoera  may  make  to  the  rad  of  ttm. 

Tho  oluest  lur-ruuvhiiies  known  were  roadu  in  Egypt,  and  the  dUM 
account  cxuiiit  of  ituch  devices  i«  also  derived  frtim  that  country-. 
the  Spiritalia.  It  is  al«o  worthy  of  remark  thut  they  ore  associa 
Heron  with  other  devicei  of  the  pneitbood.  t\^r  exciting  woiuler 
forming  prodigies  before  the  people  ;  thiu  uAordiui;  a  i-oUateral  proof  t 
oocupants  of  the  ancient  temples  ttt  Thebes,  Memphis  aitd  lulnipolii 
were  intimately  acquainted  with  the  principled  of  tiatural  pltiltMopbj'; 
•ad  fully  cap«ble  of  teaching  ihoae  who  Aocaed  to  them  fur  mfumiatws, 
from  Crreece  and  neighhonng  countries.  There  is  a  circumstance  — 
that  indicates  a  more  thorough  and  practir/tl  acqualntanoc  with  thn 
clianteal  properties  of  elastic  fluids,  and  the  means  of  oxcituig  lho«e 
p<mies  than  might  at  first  be  supposed,  vis.  in  tJie  substitiuioD  of 
•un's  heat  for  that  of  ordinary  Arcs.  This  seems  tn  have  been  odopt^l 
cues  where  the  miracle  to  be  wnmghc  could  not  bo  accomplished  oy 
bitter  without  flanger  of  detection,  or  when  it  could  not  M  so  sea 
effbcied.  nr  could  not  bu  performed  with  such  imposins  efect. 
this,  the  vocal  statue  on  tho  plain  of  TholM.>8  is  an  example, 
vautic  idul  saluted  the  rising  sun  and  continued  to  utter  suuods  as  __ 
the  aolar  bflams  wcro  ihcd  over  it,  and  while  ■(urrounded  by  the  m} 
that  worshipped  at  iu  shrine.  Now  these  sounds  wi'n>  pr<idtirci],  ar 
ding  to  HeniM.  by  ihv  dilnlnlion  of  air,  or  by  vapor  <■ 
heal  from  wiiter  contained  m  cIdso  vuMets,  thnt  wen'  <  - 
nectel  <i>  the  iiitsr  of  the  >it»iue,  and  expii«i-J  to  the  solar  nja, 
expniiiji>d  .luid,  It  i««uppossd,  waa  conveyfu  through  lubea  triioHt 
went  foshionod  to  prodtioc  the  required  sounds. 


.p.rl 


Statue  of  MemMm. 
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*un1iyfM  desiroiu  of  ast^rtniiiin^  llu*  cttMealcd  mechanum,  tt  u  Mud, 
site  ihp  slam**  from  liic  bead  lo  ibc  uiiddio.     Act-'onling  lo  kome  writer* 
discovprpd  nothine;  wliilc  others  m^uiwii  nn  opinion  prcvaletil  unong^ 
Kevi'linM  thai   ln(^  imogf   prrviously  uitcrrd   l\\<^  nevca  niviiu^rtouj 
iU,  lutl  never  nAt^rwarda.     iStrabo  has  r^conlcd  n  troditinn  iliiit  the  in- 
V  Was  ralt*t^d  tiy  nii  rarlltqualce.      XXo  vlailtrd  Kg>'|iL  in  t|ji>  Itntt  crmtury, 
-.  ■*.  that  t-arly  owe  niuniing  as  lie  and  Galltis  tlwi  uri-ft'crl,  with  many 
Ik,  atid  a  largf  iiutnWr  of  soldiers  were  standiniif  by  tlie  status, 
ey  iieard  a  certain  sound,  but  rould  mil  determine  whellipr  il  came  I'rum 
trunk  or  t]ie  base;  there  was  however  a  prevailing  Iteli*:!' Oiut  it  pm- 
»d«^d  Troin  tho  Intter  or  its  viciniiy.     The  sounds   (inally  ceAscd   in  the 
inh  century,  when    clirtstianiTy   became    established    in    the   country, 
tp  authors  have  •uppoii'd  two  difTerffnt  devices  were  employnd  ;    one 
tviouB  lo,  a»d  the  other  sub«i>queni  to  the  mutilation  of  the  statue  ;  and 
one  or  both  ronsisled  of '^>nng3,  Arc.  on  tht;  pnnciple  of  tome  of  the 
ikin^  brads  of  the  middle  •g'es.     Heron,   liowerer.   who   must  hare 
famiiiar  with  the  Jmagv  and  the  stiunda  utt■^^rd  by  it,  attributed  the 
;r  lo  air  or  vajKir.  evolved  and  expanded  hy  sohir  jieat ;  so  thai,  how- 
•*.■(•  may  upt-cufiirr  on  the  subject,  in  his  opinion  the  i'hamonic  priest- 
were  well  ni;(]uainl(td  with  the  dtlnlation  and  conlmetion  of  airs  by 
and  cold,  and  with   various  nxMlra  of  employing  them.     Morrtover, 
moveinenu  of  the  farauUM  Hiaiue  of  Renipt*  and  alao  those  of  the  Bird 
Mf^mmin  (an  iraafre  whieh  we  have  previuu-^ly   mentioned)  wr>rft  aUo 
lueed  by  air  or  vapor  dihited  by  the  suh'r  )»eat;  aixl  we  shall  present- 
e  that  triclut  on  the  same  principle  were  frequently  perfonned  at  an* 
ml  altAr*. 

Miwler:)  expositiona  of  the  mechaniam  or  supposed   merhantsm  of  the 

bban  Idol  are  derived  from   tlie  S{>irila]ia.     That  of  DecauH  contistt 

.a  elose  vessel,  of  lltc  form  of  a  pedualal,  Wviiig  a  partition  arross  it  by 

liich  two  air-tight  compartmenU  are  formed.     One  of  these  i*  half  tiUed 

lib  water  and  exposed  to  the  solar  rays — the  other  contains  air  and   to 

upper  part  arc  connected  two  organ  pipes  or  reeds  tlial   i:onimunieate 

th  toe  statue.     A  communicalion  is  formed  between  the  Iwn  compart- 

enu  by  a  siphon,  the  legs  uf  M'hicb  Bie  inserted  at  the  top  and  descend 

rly  lo  l)ie  bottom  of  each  compartment.     Thus  when  t)»e  sun   warmed 

Vessel  i-ontaining^  water,  the  air  and  vapor  within,  became  expanded 

'  pftfasin^  on  the  surface  of  the  liquid  forced  part  of  the  latter  through 

1  tiphoo  into  the  other  comjMrtment,  by  which  a  corresponding  portion 

fforred  through  the  orgnn  pipes.     A  figure  and  details  uf  this 

>rm  the  23rd  ptate  of  Decaus'  Forcible   Movements.      Pausa- 

ka  JUld  *omp  other  ancient  authrtrs  compared  the  sounds  to  thoce  produ- 

the  vibration  of  harp   string*;  and  Juvenal,  who   was  eidled   to 

:  by  Dotnitian,  aeem^  to  have  been  of  the  same  opinion. 


-     -  ■  •  when  the  radiaBtbesmorinorainR rings 
Onthatur'd  Memnon'snUlhannoniMiiMring*. — 


v.  Sol. 


IrTice  Kircher  in  his  explanation,  insta-ad  of  conveying  ihr;  rmrefied  air, 

'  rajKir  through  a  wind  iiislniment,  ma«1o  it  act  osninHt    tiie    vanes  of  a 

sl,  aa  ID  Branca 's  steam  nmchine.  and  us  the  whet-1  wits   thus   blown 

md,  s  number  of  pins  attiichud  to  itj"  periphery  itrtick  a  aeries  of  wires 

larraniivd  as  to  receive  the  blows.      A  figure  of  this  devine   is    ituerted 

jbi«  (Kiiifiu  ^ji;yptiacu4.     Rome,  lfi52,   Tom.  iii.  pag«  326. 

I^VIwtever  the  device  was,  )l  He*<mft  to    have    lieen  aa  admirable   tii   ita 

luulioii  and  the  dispoailion  of  the  tneehaniain,  as  in  its  conception.     We 

I  BOt  cvn«iD  that  it  was  ev«r  fully  understood  except  by  tlie  priests  of 
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the  adjoining  t^inple.    The  R/)m?iTifl  do  doi  oppekr  in  hftvo  tiad  itiffinm 
curiosity  to  girt  it  a  cmicn  tinn.     V^  nm  n  eohirftn  >■ 

Bome  raodom  vroiidftrs!     'i  -  i^  puxKl«iJ  pi?nplf  only  "-^ 

munn  wiu«  prfthi))ilc<l^whil«  aocesi  lo  them   wu«  JiMtied,   .. 
pUycr  ri|'  Ki^mpelon ;  bm  the  nnk)<wiil  android  oi'  ']*hrl>e<t  dclit.  _ 
nv  nfibn  vporlu  ihmugh  unknown  perioda  of  time.     In  it,  The  oM 
Of  l!!f!5'pt  hnve  sent  down  a  iiurpming  specimen  of  ikrir  «kttl,     W*> 
from  roe  Bihle  that  thpy  had  a  pmfnuod   kDOwlndge  of  Natiinl  M-. 
i.e.  nfthe  applicntions  of  science  tn  purpoeca  of  deocption,  and  tlii*  iIoIuf 
confirms  the  scnptami  aceoont: — it  ahows  tu  what  an  atnoimc  of  laliui 
and  ingeotii^  vmn  expended   in  Oic  fntmcatinn  of  idola,  uvd  to  what  • 
prodigious  cxtont  tlio  ancifint  sysipma  of  delusion  were  tarried — how  tLr 
very  inagniludo  and  wen  rublimUy  nf  the  tmpoMurea  were  calnitatffd  tu 
boar  down  ihu  iniL-lk'ct  and  c.iublisb  ao  unshaken  helief  in  the  rommmuoii 
ofthti  [irivHiti  wilh  thv  goda. 

If  a  cloM'  inL-tallic  vcHaol  nontuining  water  be  exposed  to  the  ran,  i^ 
ftir  in  the  upp4!r  part  will  boroinr  di)atud  liy  ihp  heat  and  may  he  .  ' 
ed  to  raise  tn«  walc-r :  for  if  a  Itibo  )*e  insLTtr-d  at  the  tup.  titxA  tli' 
end  reach  nearly  to  the  buttom,  ihe  cla«ticiiy  of  (hi<  air  wiLl  be  ex[W' 
forcing  thr  liquid  up  the  tul>c  and  to  an  elevation  acroniiug  to  thr  m. 
of  its  temperniure      A  device  of  ihia  kind  la  deacribed  by  Heran  wluek 
il  leprescntcd  in  the  antiAxed  cuL 

On  the  lid  of  a  box  or  at- 
tern  containing  water  i«  '.A-^-r* 
a  globe,  also  partly  6i^< 
rhe  same  fluid.     A  pipt.-  n>^ 
from  the  otstrm  to  about  tba 
eentre  of  the  i-lobe.    Aiiot^ 
pipe  thmugh  whieh  the  ««M 
»  to  be  raucd  pn  ■  ■ 
rwiar  the  bottom  u 
and  termioarefi  ovor  *  vumo; 
eup,Mhicheommiinir:<rr"Wi^ 
the   ciMera    na    i 
When  the  aim  br  . 
the  riobe.  the  air  «~ir.tt 
refied  and    by  itn   exi' 
ftrcea  the  water  throu; 


No.  m.    iUa>R(  Wuar  bj  ikn  »<».    Fi«m  titnm. 


piii«    into  the   vii4< 
which  it  descemh 


the  eialem.     When  the  attn  beams  are   withdrawn  and  thf  •urwit> 

the  globe  bccomea  cool,  a  partial  vacuum  is  formed  in  the  glolie.  »nd 

prcasure  of  llie  atmosphere  then  drives  a  fresh  portion  into  !r  fnim 

cistern  below  ;   when  it  \*  again  ready  lo  be  acted  on  by  the  sun  ut  \mfA 

In  addition  to  the  air.  at  first  contained  in  the  globe,  i«  9 

or  low  steam  would  be  evolved  by  the  iieai  and  contribii' 

resulL     The  cistern  representa  an  open  reservoir  which  1 

tance  from  the  globe,  and  the  vase  merely  exhlbita  the  i>l  ■• 

— having  no  necessary  connection  with  the  reser*-oir.     The 

a  model,  t«    figured  just  ba  philoauphical   inttrunieiita  alill    iip- 

moderri  books,  a  puiop  {for  example)  is  often  nboxvn  as  dj 

into  the  reservoir  from  which  it  raises  it.     We  make  %iv 

cause  aume  persons  are  too  apt  to  ooueider  thete  ancienl  tigurra  aa  liis 

repreientatiuna  of  working  macblites,  wbereiu,  tTicy  were  draij;ticd : 

Id  itlusirale  the  priiiciplea  upon  whteh  the  movetoonla  depended; 
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■pccimerM  from  which  olhcra  for  practical  purpoaea  might  ita  dnducvU. 
It  ii  tiuitc  a  commoo  r(.-inark  in  old  authors,  oiler  describing  a  device,  to 
observe  that  variou*  machine*  for  olhur  purpores  may  be  derived  from  il, 
uid  trxcuM"  thcijQdclvcA  for  tKit  p^riBtitig  out  purticul&r  modes  of  duing  ihis, 
)>eca>iM-  ihcy  con&idcrcd  thcra  too  obviouA  to  rerqulrv  II 

WhfUicr  such  modes  of  raiting  water  were  praciisc'd  in  Europe  previ* 
oas  to  chf>  lixteenth  ccnturv,  we  have  no  means  of  tLScfrtaining;  butib  the 
middle  ot'ihat  and  ihe  beginning  of  the  following  oou  they  are  frequently 
to  he  met  with  in  old  author*. 

Bapiiat  Porta,  in  hi»  Natural  Mof^ic.  after  dcMribing  a  method  of  raia- 
tn^  watpr  from  the  bottom  to  ihe  top  of  a  tower,  by  menns  of  a  vacuum 
frtrmt'd  by  water  flowing  from  a  close  vessel ; — next  propotea  a  mode  of 
occiimpli.ihing  the  same  oltject  "  by  heat  aleme."  A  close  Teucl  of  brass 
was  to  be  placed  upon  the  tower,  having  a  pipe  connected  to  ha  upper 
pan  and  extending  down  in  rbe  water  In  be  raised  ;  the  orifice  being  a 
abort  distance  })elow  the  surface.  The  veejiel  wom  ilien  "  lo  he  made 
hot  by  the  Bun,  or^e,"  to  nire^  the  cnnlnined  air  and  expel  a  portion  of  it 
throngh  the  pipe  As  the  vessel  grows  cold,  he  observed,  the  remainins 
air  is  condensed,  and  becauae  it  cannot  then  Sll  the  vacnitv,  "  the  water  is 
ailted  in  and  ascends  thither."'  (Book  xix.  chnp.  3.)  He  does  tint  men- 
tioQ  the  height  of  the  tower  because  the  philosophera  of  that  ago  had  no 
idea  that  the  elevation  lu  wbicb  water  would  aacend  into  a  vacuum  had 
any  limits — and  hence  in  anothor  pan  of  the  aaine  work  Porta  usea  the 
fallowing  languagu — '•  A  vacuum  is  so  abhorred  by  nature  that  the  world 
would  stKfHcr  be  pulltHl  asunder  than  ony  vacuity  can  be  admitted." 
(Book  xviii.  ch:ip.  1.)  There  is  another  passage  in  tlit;  5th  chapter  of  tlte 
i9tfa  Book,  from  whieli  it  seems  that  be  employed  tlie  clantirc  force  of 
air  or  «leani,  or  a  mixture  of  both  as  in  No,  174 — and  generated  either  by 
the  heat  of  ll>c  sun,  or  by  that  of  lamps  or  cMidles,  as  shown  at   Xo.  189. 

After  describing  a  fomitaiiiof  compressioti,  wliich  he  exhibited  to  some 
of  the  great  Lords  of  Venice,  and  the  operation  of  which  he  says  cauaed. 
great  surprise  as  there  was  no  visible  cause  for  the  water  flying  so  high — 
he  continues,  "  I  also  made  another  place  near  this  fountain  that  let  in  fight, 
and  when  the  air  vran  extenuated,  io  long  a>  any  light  lasUd  the  fountain 
threw  out  water,  which  was  a  thing  of  much  admiration,  and  yel  but  little 
labor."      This  passage  is  probably  imperfectly  translated. 

No.  174,  on  the  next  page,  forms  the  9tb  plate  attached  to  the  "  Forcibis 
Movemeota"  of  Decaus.  (Translated  by  Leak,  London,  liinS.)  It  exhi- 
bits an  extension  of  Heron'a  machine  already  noticed,  (No.  173.)  Decana 
says  "  this  engine  hath  a  great  effect  in  hot  places  as  in  Spain  and  Italy." 

Four  air  riebt  copper  vessels,  a  foot  «t|nare  and  ft  or  9  inches  deep,  are 
•o  arranged  thai  the  sun  may  shine  strongly  upon  thera.  A  pipe,  having 
a  valve  o,  opuning  upwards,  communicates  with  the  lower  part  of  each,  to 
supply  them  with  water  from  the  iinrin^  below.  Another  pipe  pa.tseB 
over  the  upper  Bnrfaces,hnving  hranrnes  which  tlescend  noiuly  lo  the  bot- 
tom of  each  vessel.  A  valve  is  also  pinned  in  this  pipe,  from  the  upper 
end  of  which  the  jet  of  the  fountain  Lssuus.  At  tJie  commencement,  each 
ve««e1  is  alioiit  one  third  filled  with  water,  through  optrnings  uii  the  top, 
which  are  then  plugged  up.  "  Then  the  suti  shining  upon  the  said  en- 
gine shall  make  an  espreMion  by  ranHying  the  enclosed  air  and  foroo  the 


•NkTrast  MA«iuaMliMWyhoo^lbv  JWin&i;rfwrPMtn.inlWaa«T(!Stfjbrt/iaUtA<ncW 
mtdddighttoftKt  Natmrai  Stiftiees'—ljOiiiloo.  Ui5H 

llroiitaiiM,  tirvulB  0  iiiigtiitudr.  [irtbaurditio,  iiuoiy  in^tftiioui  ct^vuccx  Titt  (iuntl«, 
canM^in  o>>wiifn,  .-i:r  ^iirt  rKf>i>.a[iu(aiM,  nirtubet,  ear  mimpett.&c.  Ate,  ai*  &vmci\Vw&. 
7W  work  WM»  6mpab}MM6  in  J5tf0. 
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wniirr  id  6nw  oat  M  in  the  (Jt^ro.  \nd  aflcr  the  heat  of  Um  day . 
ed  «n>J  ihn  iiighl  .^Itall  romr.,  the  ressulx  shnll  draw  tlii<  wmui 
eisifrn  [^prinp]  by  tlie  pipe  ami  auKkir  jliiwor  vnlrc]  »nd  ihtiH' 
VflXflcIs  as  hciopo.  -  ...  -  .  .  And  yuu  must  nbserve  : 
mckRrii  [vulrpa]  miist  be  mode  vnry  liglit  mid  bkewiae  vcr\ 
the  wusr  may  not  descend  by  them  oiier  it  u  raised.** 


An  improvement  upon  die  prec«*JiD(j  machine  \»  next  pivon  by 
Tho  form  of  the  vessels  l»  altered,  and  double  convex  lensea  or  "  hor 

Slasftes"  are  to  arranged  on  their  covers  ts  to  collect   **  tivt  nwu  i 
le  sun  within  the  said    vos«vl»,  tbe   which   will  cauM  a   ^at 
to  the  water,  and  by  that  tneaiu  make  it  spriug  forth  with  ^'at  tin 
dance,  and  also  higher  if  il  bo  required."     (See  the  figare  below.)    hi 
we  think,  in  the  range  of  probability  that  the  heat  of  tho  solar  rayi 
yet  be  applied  in  some  situations  to  raise  water  with  effect 


>W«^ 


N&  m    Air  Sailiia,  tna  DacM& 
Wbethffr  thi«  application  of  IfiTues  "  to  encrense  the  foro: 
in  air  tm^nas,  vru  a  rl«vt«w  of  Dvcaus.  we  know  tat,     Tbe  i 


Clwp.  S.) 


maaimg  6p  the  Sun't  Beat. 
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vronld  natnralty  ooeur  to  nny  engineer  of  ibc  lime,  enf^ogcd  on  the  bn- 
provem«'nt  of  auch  machines,  because  disiillinp  by  the  son  boih  with  len- 
Mrs  nnd  wilhnut  rhem  was  a  (-{trnmon  practire  with  rhrmifiis  in  ihat  iifre 
mnd  some  centuriaa  h«?fore.  Bapriat  Porta  described  the  procces  in  ihe 
fenth  book  of  his  Xalurai  Magic,  and  obwn-es  thai  "  ihc  waici's  cxtracl- 
rd  by  ihp  sun  are  the  best,"  See  aiao  Mauou  Hw/tique,  Paris.  1574, 
pa|*e  £11.  Kircher'a  Mun^va  Stdttrrratmu,  Tom.  ii,  392,  Other  au- 
thors Biso  .Ica^Tihc  ihe  appliration  both  of  conTCX  and  concave  Vnst^'S  to 
eoncentraie  the  aolar  rays  on  distillinf^  vesHeta;  a  prnctirt?  probiilily  aa  oM 
BB  the  lime  of  Archiro^defl,  or  even  older.  We  f;ivo  an  oxtraci  from  an 
English  translation  of  onn  of  Gesncr's  works,  who  dit-d  in  ISlS. 

"  Further,  alihoueh  that  the  Chimisticke  autlioura  due  teach  and  ahew 
diverse  fashions  of  aistilling  by  ascension,  yet  may  all  iliesc  waies  be 

brought  into  three  orders. ■■     The  first  mannpr  ie,  when  we 

dtfldU  anie  liquido  substance  or  flowers  in  the  sumie  by  force  of  his  heaie. 

The  sitifpitar 

man  Adam  Loucirr,  in  his 
treatise  on  the  arte  of  dJs- 
lilltng,  sL-iieth  forth  an 
easie  maner  of  diBtilling 
by  t]io  faeate  of  the  eunac 

beunei and  the 

same  la  to  he  wrought  on 
this  wi»e:  take,  saiin  Lou- 
cier,  a  hoUowe  burning 
glaase,  whU-b  directiio 
place  towarde  the  hole 
i)Cftme«  of  the  aunnc,  after 
(betwccnc  the  beams  of 
the  sunncaod  the  buming- 
elasse,)  set  the  glass  bodie 
[RctortJ  -  -  -  •  in  such 
manner,  that  the  bcamca 
of  the  bote  suune  tailing  into  the  hollow  glasse,  maic  so  bente  baeke 
aad  extemlu  to  tlie  glasae  bodie  wilh  the  proper  mutter  (as  to  the  object 
sc&ndiug  righte  against)  •  -  -  -  as  more  livelte  appeareth  by  this  fignre 
bcTB  deacribed."' 

Air  dilated  and  vapor  eTolved  by  the  sun's  heat  were  also  -aaed  to  pro- 
ctuce  muiiic  in  the  middle  ages,  a  uerice  which  often  caused  thut  celestial 
lucludy  which,  like  ihc  harp  of  Dunstan,  actjuired  for  its  auihorft  a  repu- 
tation, aomctimei  of  Bupt-nor  sanctity,  and  at  other))  of  dealing  wJih  the 
wiekad  one.  The  musical  machinu  of  liie  famtnui  Drebhh,  according  to 
Btflhop  Wilkins,  was  of  litis  kuid:  i.e.  a  modification  of  the  supposed  one 
in  the  Statue  of  Moranon.  Urubblii's  machine,  says  the  Ri.4hop,  "  would 
of  itself  render  a  salt  and  plvaasnt  hurmony  when  expoxed  to  the  sun's 
rays,  but  being  removed  into  thu  shade  would  presently  become  sile-iU. 
The  reoaon  of  it  was  Uiia;  the  warmth  of  the  sun  working  upon  some 

ofjAtMflnanJpkUoaofJtk.dtriiMinivfaKnB'totit—^HlhKiriiiehmnthtbrftt'fprvetdrtmt- 
difM  far  tlu  Jirmu.  m  kvJI  nmird  at  vattenrd.  tfttl  On  fMrtt  <^  mitiu  Wji  ■■  tnatmi^  mt* 
Qm^it  of  tit  d'MUiatwmM  ^  ttattn.  of  oyXtB.  h^mts,  qtdnUOKmcn,  trUh  ilu.  utmoitm  iH'*rtt- 
fitui  lAff,  Ae  tit  and  jtrrpurMion  ffannmoif/.  Mtd  fUaiU  gM,  galhmtl  ouf  of  uia  tat 
««rf  iMMt  itffTVTtJ  nmlhtriirt.  Ay  lAal  fJctUful  Deetar  Omenu.  Aiaa  ihr  pittnTta  and  bmmt 
ta  makt  Ikr  rrjuc^,  futnaai  amd  oAer  imlmmfHtt  tJtm-uttto  MirnfiiMg  Afvfy  armcttd 
mad/adJuiaf  ra  Ki^fiu^  ig  Omrgx  Bni«T.  ant  of  lb*  (jiucau  lUoiutu*  thvije  ChirwtavniA 
m  MDAMjy.     /.«Mb«.  Btiui  Lmtr.  UJOS. 
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moMtniT!  millin  it,  uid  rarofyliig  the  inwvrd  ait  itntn  »n  i^reMt  An  itxti 

ihKt  it  must  need*  Htfck  lor  rem  or  tuuc,  did  t! '  .  e  •evenl  mi 

iinlii  tin*  iinlrumcnl."     (Maih.  Mngic,  Btiok  ii.  ■      ; 

Dt^caus,  besides  Wis  {^xplniiurion  of  the  vuciJ  Maiue  of  K^-pt,  }. 
n  dcscriptioa  of  a  muaieal  tmmmer,  a  device  apparcnilv  nmilar  ii    .... 
hie's  ;  nod  in  the  twenty-socotid  pliio  of  tiis  M-ork  he  luu  ftgitrod  auiilir 
which  Switzct  has  copied  inlo  his  system  of  hydrouaUcs. 

The  heat  of  tlie  auti  is  too  unrenaiii  to  be  rvliod  upon  in  Uidm  fii^i 

jecb  that  require  immediAte  and  ccitain  rrmlu.     Durio{{  the  " 

night,  and  <>ar)y  dan'n,  nothing  could  \ic  effocied  ;  and  ev«n  in   i 
clouds  and  shriwers  rtfn»n  intercept  or  divert  the  rays ;   mort^owr  i  it-- 
chine  when  pinred  40  as  ro  he  heated  directly  by  the  aun,  »oon  exprrtm. 
cea  «  diminution  nf  ira  influence  by  the  motion  of  the  earth,     Tl- 
which   fell  directly   npon   ii   becoming,   in   r-nnseqiicnro   of  rbi* 
obliqne.     Thece  and  other  iintavnmhle  eimttmatiinoeA  ar-    . 
countries  vrhore  the  solar  heat  U  PufBciently  inienae.  wi< 
too  fi?eble  to  lie  uneii  with  effect  ;  hence,  in  th«  tem)>eraii>   :• 
which  (he  arts  have  at  all  times  been  chiefly  cuhivale.l,  the  ^1 
Ordinary  fire  has  superecMled,  for  nearly  all  prartical  pur[>c>se^, 
from  the  »un.     In  «ome  parts  of  the  earth  saline  wnters  are  c. . 
and  salt  produced  by  the  heat  of  the  glowing  urb  of  day.  but  f-i 
thing  like  tho  devices  i>tilunging  to  our  subject  it  is  now  celdotn  caii'>-  .■■, 
if  at  all. 

The  old«8t  auplicattons  of  fire  fr>  raJM  liquids  are,   sinpulnr'-     ■,■-!. 
aliici  to  he  fiiuiKi  among  tho  phibta'mhicnl  tricks  nf  ancient 
amonf  the  priidigii-s  which  they  [HTiormed  at  the  aliar  ibtelf.      1 
lion  of  altiLnt  tur  mich  dnpiayfi  U'ns  niiturat,  becauM*  it  u-as  at  thetn  i 
of  the  giKl«  was  more  particularly  expttcted  lo  be  made  kno«m.      !•  niix 
not  Iw  lupjioied  til  at  ancient  altar*  were  all   Mraple   stnictum*  nf  viviA. 
atone,  Imck,  nr  murbln ;  on  llie  contrnrv,  many  oF  them  wer- 
deiii^nud,   aud    cuiulrucred   entirely    of  meltu.      Every    one    . 
bronze  or  braxen  attar;*  are  itf  fru([Uont  oecurreiice  in  the  Old    \f 
and  the  deacripriouH  of  fbine  prove  them  to  have  lieen  Hpli-iidid  •[>< 
of  workmanship  and  design.     The  altar  for"  burnt  oflfcritij^."  lie- 
Wanja  of  eight  feet  stjuurn  and   five  deep,  was   covenwl    wilh    ji-. 
brass.      The  grate,  fire  plaee,  vessels,  Ice.  were  also  of  the  sarar  raalBBL 
Oin  of  the  numerous  brazen  altars  built  by  Solomon  waa  an  t!:(trii(ir>t<'-->n 
affiiir,  Iteing  twenty  cuhils,  or  thirty-thrte  Jeft  square,  and  tLrttrn  fp' 
The  large  number  of  victims  coiiBumed  on  it  and  the  necwssarj  tit 
count  ibr  these  dtmetiaiooa. 

As  some  nf  the  most  effecttul  frauda  were  coniaminafed  01  niuil 
means  of  altars,  the  civil  governors  of  the  heathen,  and  some  of  th«' 
princes  of  the  Jews,  made  use  of  them  for  tJie  performance  of  < 
to  intimidate  the  pc-ople  and  subdue  Uiera  to  tiieir  will.     In  auoh-^ 
a  collusion  l>eiweeii  the  priests  and  statesmen  of  aiiti>|nity   ia  very 
ouB.     (By  a  similar  combination  of  church  and  state  it  is  that  the 
of  Europe  are  still  oppressed.)      When  Themistoclcs  citild  rwrt 
carry  out  his  measures,  he  did  not  fail  to  make  the  onit:l'!»  interl'er 
are  some  interesting  particulars  in  2d  of  Kiugs,  chap,  xvl 
brasen  altar  which  Abas  examined  at  Pamascus.  and  an  exact 
which  he  had  made  i|nd  erected  in  Jerusalem.     It  etidenlly  was  of 
ve!  construction  and  was  probably  designed  for  w-iiVim-  i.r> 
den  for  state  pitrposea,  for  it  was  among  thus*' 
sriiiali.     Mtmtfaucon  in  the  supplement  to  Iits  .m-.i,  .....  .  .t. 

atn^lar  altars,  and  among  others,  nno  un  which  an  cagte  wu  nuda 
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denly  lo  rue  bs  in  ibe  act  of  Qy'mg  awa^.     This  he  nb«ervea  was  effected 
"hy  tnacliiner^'  moveJ  by  a  person  appointed  for  the  purpose. 

f  here  are  nurnerotis  lucitDadonB  in  history  ofir^uas  practiced  at  altars 
by  fire,  and  by  wat<r  and  other  ligfidf.      We  tball  notice  a.  few  here,  and 
others  in  the  next  chapter.     A  very  ancient  tradition   taught   that  those 
were  the  ereaiCBt  coos  that  answered  their  worehtppprs  oy   fire.     This 
v-aa  a  prevailing  belief  among  the  ancient  heathen,  and  hence  the  ingenuity 
of  the  pncsts  wm  pflrticularly  exercised  in  d'-vising  means  to  produce  a 
spontoneous  or  "  dtviiin  fxrr,"  la  conNume  lh«  8ucri6cr».     tSvrriuK,  a  Koman 
vrriter.  iiKmis  that  In  ancient  ti(ii«»  lire  was  nevrr  kindled  an  i\m  nlinra, 
but  wa^dravrn  down  Imin  he&vttn  by  pruy«n«.     Soliiui*  iumihrr   Koman 
•uthor.  who  unite  in  the  tir»t  i;«!nlury,»|i€ilK»  of  one  in  Sieily  Uf>rm    which 
the  fuel,  though  ever  jmj  K"^"«  would  kindle  of  it^rlf  if  ihf  sucriRce   was 
ftccirplahle  !■>  (hi-  ^odn.      Patuaniua  rirlaleii  xn  example  of  whirh   he  was 
M  wiTtw».    Some  of  Uie  d«rvices  are  known.     When  llie  victim  vthm  laid  on 
the  altar  ind  tlie  fuel  ready  to  be  kindlfd,  a  libation  of  wine  ur  oil    was 
|Hiurtrd  upon  it;  Streams  of  the  liquid  trickled  through  tigiHurea  or  aecret 
chaiiiieU  into  a  pan  of  coaU  concealed    below,  and  iitslnjirly  the  >»crific» 
wa»  unveinped  in  fiame»,  and  the  desired   pmof  of  its  acceptance  given. 
At  other  time*  i;aptha,a  ininersi  oil  iliai  takes  lire  on  being  exposed  to  the 
air,  was  adroitly  oropt  on  the  fuel  by  the  priest*  as  they  ofiictaled.     Tltis 
It  the  aubaiance  by  which  Medea  is  supposed  to  have  destroyed  Creusa, 
by  impregnating  with  it  the  enchanted  gown  which  ahc  presented  to  her. 
Wlien  Creuss  had  put  it  on  and  was  approaching  the  altar,  it  burst  into 
flames,  and  she  expired  in  ext't^cioting  torments.     The  Druids  had  the 
art  of  kindline  without  firr  a  iiiipbtiroiis  substance  by  which  they  struck 
terror  into  their  eTK^mics.     Thcr*'  are  prcsumpdvc  proofs  thiit  both  they 
and  the  priests  of  TlelphoA   had  gunpowder,   with   which  they  imitated 
thunder  and  lightnins:  and  this  accords  with  a  remark   nf  Pliny,   in   the 
second  book  of  his  Natural  Historv,  {chap.  53.)      "  It  appeareth   upon    re- 
eord  in  chronicles  that  by  certain   sacrificea  and   prsvers,  hn/ttntngs  may 
either  be  compelled  or  easily  intreated  to  fall  uprm  the   eartli."     And   he 
obserres  thiit  there  was  an  old    tradition    in   Etniria,  that  lightning   was 
procured  "  l»y  exorcisms  and  cimjurBlinns,"     The  ancient  priests  of  Ethio- 
pia   worshiped    (he    nun.   and    at    the  close  of  harvest    ihey   separated  a 
portion  of  the  fruiUi  from  the  rest  ss  a  sucntice  lo  the  Hcily :    if  the  offer- 
ing was  acceptable  it  inslantly  took  fire.      The   VeatoJ    jErnylia  rekiiHlled 
thr  sacred  6re  on  the  altar  of  Vejta.  by  putting  her  veil  over  it,  that  i»,  by 
some  device  which  the  act  of  ailjuHimg  her  reH  concealed  :    in  fact  enough 
is  known  to  convince  us  tlial  old  t»mple«  were  perfect  laboratories,     (See 
an  expose  of  the  pretended  desceiii  ufcelenlial  fire  on  Good  Fridays,  into 
the  holy  sepulchre  of  Jerusalem  (which  w,  we  bcdieve,  still   kepi,  up)  in 
Motraye's  Travels,  vol.  i,  page  79.) 

Bui  it  was  not  by  the  sudden  appearance  of  flames  only  that  6re  was 
employed  as  an  agent  of  deception.  Equally  surprising  effecl*.  and  as 
aecreify  produced,  were  derived  from  the  ht(U  which  the  fuel  and  burn* 
ing  sacrifice  gave  out.  It  will  readily  be  imagined  that  this  heat  must 
have  been  intense  when  a  bullock,  a  aheep,  or  a  goat,  was  consumed  ;  and 
sometimes  several  animals  were  offered  at  once  upon  the  same  altar.  In 
buml-offeringa, cvcrv  part  was  to  bo  reduced  to  ashes,  and  hence  particu- 
lar cvo  was  required  that  the  fuel  should  bo  dry  aa  well  as  in  abandance ; 
otherwise  the  mass  of  flesh  and  juices  might  extinguish  the  fire — a  circtim- 
stanojthat  was  deemed  very  inauspicious.  It  was  also  ciutomaiy  to  pour 
wittc  and  oil  upon  the  sacrifice,  and  spices  and  perfutnes  to  correct  the 
odor.     TTiese,  nf  course,  increased  the  heat,  and  tii  aA4\ttOTi  \o  'MV\dft,  '*. 
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Hpptan  from  on«  of  die  K»mi?toii  V»w«,  ih«t  Ur)ge  bdlow*  wm 
umirs  usvJ  to  promoip  ihe  <  isl 

A  uimIitii  mvcliitnii^itin  .....  li^A  ^^  ruliuion  fll* 

from  such  firva  into  ibe  mffj-tur  ul'  «li«r>  otlur«ii  ko  •Bvctivp  «nJ 
ciou*  »ource  of  fnuO — otx^  frum  u-bu.-)i  «  <ji»iiii«t  aeriBf  of  prodtgim 
be  Jerived.     Lei  us  set*  bow  the;  could  lie  rstlisod.     Sappoi«  «  (mHl' 
lUur  made  Mr-tiglit,  with  a  cyhndnoft]  or  other  Ofieninfr  throuf>ti  its  cetkbv, 
in  which  Id  place  the  hre  und  to  aflord  ■  Jrni'i.  (u  in  Umw*  woi>da>ti  l»^|fn 
in  which  WKitrr  is  hen(o<i  b;  a  fire  in  ibe  ci'Utre ;  thu  liijuiil  Win^;  Jd       ~ 
tAct  with  the  healed  siiles  of  ihe  t'uniBfie.  ■!»!  ihn  ashes   from    tW 
falhng  through  the  draft  Dp«nu;g,  which  ii  vontintit'tl  thr-  :    '      ' 
of  rhe  hoilent)  or  the  naevogf  lor  the  dmfl  mighl  be  ina< 
to  the  fitrnace  or  fire-plsci',  and  tvnninAte  at  outr  «ide  of  Oie   . 
per  part  of  the  furnace  would  then  lie  level  with  l\w  top  nf  i' 
which  the  victim  wag  laid.     Supuofe  the  airughi  rantv  r-. 
tiaco  fiilf'd  In  a  wrtnin  height  with  wjne,  oil,  or  ulttcr  inflam.    . 
a  vapor  ivoaid  then  b»i  ernlved  h\  the  hem,  and  mixing  with  tin- 
od  nir  would  press  upon  iht-  aurlace  of  l)iii  1ii|uid,   which,  \>f  c  ' 
tilheE  might  be  cuiiveyed  to  the  fire  uid  ihua  aiiitlnin  it  wiLhnut  u< 
tionul  fuel.    The  vupor  might  aW  be  made  to  produce  aouorU  a*  i 
blo'e  machiiiL- — images  of  birds  might  bv  it  Im  made  in  sing-^di 
uod  RcrpeotH  to  huts.     The  current,  like  ine  bhut  of  a  hellow*.  mifhi 
RUide  to  «xcitu  the  fiuiue* ;  luid  by  ■pproprinie  mechant^ffl  imfian  ni> 
to  vurious  automata — cause  the  doors  of  the  temples  myal'vioualv  tn  - 
open  uid  to  close,  &c.  See.     Xow  it  so  happens  that  Uteae  very  Uiiwi 
were  doiie  and  b;  meant  of  wr  aud  rapor. 

The  aiiiiux,ed  figure,  frvm  "BrwAvm  XI,  of  ihu  SpTriialla,  wiU 
u  a  irpecimca  of  the  ingcmuiy  of  the  oncienis  in  ihcui  n-«pret&. 
merely  one  of  a  nuiuber  tiiat  Htron  has  given.     The  ullar  was  o^ 
hollow  and  air-tight,  and  placed  on  a  hollow  haw  or  iieJestal  (ai*a 
tight)  which  contained  a  qnuitiiy  of  oil  or  wina.     Upoo  die  baMi 

two  statnes,  each  holding  a  rue  b 
one  hand  as  represented.  Pipes,  m 
sho'wii  hy  iho  dottied  lim**,  mmmasi- 
catrd  through  the  statues  -with  ibc 
tit|nid.  Aa  tho  air  uithin  thn  aliu  dr- 
came  dilated  by  tlie  bear.  ti 
forced  the  liquid  up  the  p<pe* 
drove  it  out  of  the  mouths  nf  the 
sea  in  which  tho  pipee  terminal 

id  not  easy  to  •©<•  why  the  botl , 

thealntrdid  tM  opvn  dirwtjy  tntnj 
base  or  natervoir  of  wiiM*.  inste 
the  pipe  that  conrwrts  them,  sit 
would  have  pronnilnd    ibe  evo)i 
1IA.ITI.   Uitaiil* rateed hjr  bui  la  Muui  «l-     of  Vapor:    but  the  fiirure   reoi 

Wrm-Ynia  Ih*  JpWitiia^  \  t  .\  *^ 

'  only  one  of  tlie  niiniKrnus  mi 

tiona  employed.     It  is  obvioiu  fmm  this  and  some  oTher  flrvtre«  d( 
)>y  lierrjii,  {us  No.  173)  that  vapor  from  the  conliuiK  -  i.-onirihuta4 

cAlf/fy  to  the  result,  allhinigh  he  Iws  not  in  all  cmurn  ■  ;  iL     It 

it  is  not  certain  ihni  he  did  not  confound  •tMiro   wiii^     :i  -     ...   ■'■■,• 
phnm  of  the  KtxLei^uth  century   did,    of  wliirh   Mime  y\"i  t--''-  ~    ii 
m  1)111  next  two  chapters.     Hiul  air  alone  been   used   in 

the  nfToct  could  only  have  havn  l»een  momenlaty  ;  lor   |' ,    a 

be  KMHi  alworlwd  \^  the  liquid  and  carried  out  with  il,  and  tlivre 
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VKi  iinivutori  for  a  freth  »%iyply.  Be«i*l*.'B,  as  iLe  liijuid  was  e!t[v!l<-(l.  llie 
htkiluT  ttii-jIJ  i!ie  reiiiaiixJf  r  iiavw  lo  i»e  miwii,  and  »;o(j8L'«jueittlj^'  uiilutf  llie 
ail  -ii>s|Htitdiiig  increaw!  ul'  tem)>erHlurc  ibe  di»charg«  fi-um 

ill'  .!*.«.•, 

Had  )i  mil  Uvo  fur  llie  SplritaliB.  we  should  never  have  sufipevted  Uiut 
otr  wa5  nrtdr  tu  pi^rfunn  «■  inifmriani  a  pari  in  uictcnt  frauds,  ti«r  iliai 
iu  ■!  itDd  cmitraction  had  Ln-cn  t'niplojred  lo  mise  lii{tiidii.     Not- 

w    '  '  >.  tbp  higli  opinion  which  hwlpry  gives  as  of  the  pliilosoplncal 

knowit^ug?  Ill*  (jld  pm>»i»,  we  ahould  hardiv  have  surmised  utat  ihey  boil 
tlieui  ofupplyinK  (his  eublil  llnid  so  ingcriioosly.  Thvy  seem,  hcwevvr. 
lo  have  nHMit^'ked  all  natttn*  for  devices;  and  to  hav»  becume  familiar 
with  the  pnnciplrti  itpon  which  the  most  vsluabW  of  our  arts  tutd  ma- 
chinery are  baM'd.  Astronomv,  acouBtJcs,  chetnistry,  opUc«,  favdrostsiico, 
pocumncics,  and  hydraulics,  were  all  prcnod  imu  thetr  service.  Even 
the  applicatHin  of  itcam,  as  a  source  of  motive  force,  did  noi  escape  th«in ; 
•o  Uiat  bod  their  eiurrgips  Wen  d'^voted  lo  thp  duvelopmetit  of  useful  ine> 
ehainMm  ib«  world  would  prohably  have  been  iudobied  lo  tbetn  l<ir  the 
sleani  (.-u^ue  iisvtf. 

VV'bui  wonders  Would  on  ioneht  into  the  old  tflinptei  have  revealed  I 
To  have  bod  an  opportunity  of  inepveting  tbc  machiaory,  new  and  old — 
U»  b«To  been  preseul.  at  tbu  cunsultatiuus  of  tho  prtesta — witneased  their 
"*  ivatc  cXficnnieMa — bcurd  tbem  expatiatv  on  Uie  defects  of  this  device 

~  tJaa  jierfi^ci  working  of  tbai^^qggvatiii^  a  wheel  bcrc  and  a  spring 
■(^— til  have  been  pn»«Dl  at  tlieir  eotuiultattons  mpeetiag  the  suspcn- 
luf  wnlcT  LO  Tulia's  aiove,  and  witnesHed  the  congrotulaUoDS  exchang- 
ed at  the  eclat  with  which  tliat  utid  many  other  Iriali  camo  ofT,  fitc.  5cc. — 
wa>uld  have  made  ua  acunuinted  wiib  discoveries  bath  in  acttmce  and 
mechnnical  ea«abuiatJun«  rJiat  wnuld  throw  some  modem  invt>ntiotis  into 
shads: — Itut  ibe  iremetxinus  oviU  which  their  bnpomures  iiidiiced  ren- 
dsrad  eoDcoalraetit  ou  ilic  part  of  the  priests  indispensable.  Exposure 
wmUd  noi  only  have  i^ndangered  their  wealth  and  influence,  liut  might 
have  led  in  thf  ir  exit.- nm nation  by  an  outraged  and  plundertid  puoplo^ 
bBOCa  the  veil  of  religion  was  tnterposed  to  screen  the  operatorit  and  tlieir 
qipkiatna,  and  tneritabic  d^th  was  the  eonse<)ueiice  of  undue  curioshy  : 
witness  that  of  Alfitha,  a  feraale  of  Thebes,  who  ridiculed  the  orgies  of 
Bottehua.  and  was  represented  by  (he  priests  as  having  been  changed  into  a 
bat  I  n  ficiion  of  theirs,  most  likely,  to  conceal  their  having  taken  her  oSl 
Jipgims  might  be  adduced  fu*  another  example — he  forcibly  entered  the 
iple  nf  Keptune  and  wrni  Klruck  Hind  by  a  sadden  eruption  ot utit-aatrr 
the  altar:  probably  .tulnhiiric  or  other  acid  secreUy  ejected  by  the 

EneMs.  in  thni  chapter  we  Itiive  seen  ihcy  ha<l  the  means  of  doing  thia 
y  the  dilatation  of  air  within  the  cavitii>B  of  aliari. 
Wb  shall  conclude  this  chapter  with  aomu  remarks  on  the  SptrilaUa, 
n  wnrk  (hat  had  more  inftuence  in  reviving  ilie  Eindy  oi'  hydrodynamics 
in  modern  times,  than  any  other.  This  little  book,  like  a  rtvulei,  sent  its 
sutsanM  of  knuwledgo  over  all  Europe  in  the  Fixieenlh  century.  It 
numilaiod,  if  it  did  nut  create  that  spirit  of  investigation  and  oxpcrimeti- 
nd  rwarcb  which  ihun  eominenced  and  has  continued  unimpaired  to  (hn 
preaeni  rinm.  It  seems  to  have  caused  aO  lunuael  degree  ot  cxcirement. 
pi  ~~  '  .  r-.,  chemists,  bimJ  physiciana,  aa  well  as  engineers,  illuslratod 
i) .  .ra  by  its  prohloms  and  figuroa.     Porta.  DecaiiB.  Fladd,  and 

otbern,  ikvuwedly  imnfferred  Its  ^ages  to  their  works,  while  many  writers 
with  lew  candor  and  Ices  ingenttliy  rooda  use  of  it  witJiout  acknowledg- 
roeiiL     Of  all  the  old  miichanicians,  Beiapn  levint  to  have  batn  lew  m- 
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The  Spiriulia  Tonned  bat  a  BtuaU  [•km  of  tho  writinfri  o(  Hrmn: 
all  of  them  rcocbcii  our  uiue«,  wu  abuulii  hnw  pu<wn$«d  ati 
feet  «ysuim  of  luicifnt  ruecliauU^l  phi)wM»i»ljy.  He  wruir  i.  ■ 
oleMydr*,  auiomiiUi,  litnpirita,  war  machtiifrry,  ungin,.*  inr  r 
wet^nta-,  nud  an  introJiivtiou  V>  UKcbflnic*,  which  u  aiud  lo  hif* 
the  nmai  complirUi  work  on  tha  subjvct  which  lite  uicif^nU  p«:i 
Tokpti  as  a  wh^>lt^,  the  Spirilalia  seems  more  like  the  niimuiU  ■>'' 
mafpciaii  ihan  luiy  ihiiig  eUe — ■  coUccUon  of  J«ifaeptiuii»  it  ■■ 
eessfis  bv  whtcH  they  were  tnaiured.  lo  il  Hnron,  iii«ieii<l  • 
in  the  chu-uetcr  of  a  phil»&o|iber,  raUter  aMuinr^d  (iterhapw  £•: 
or  U>  exp<«c  Uie  frauds  of  tbv  Egyptian  hn-rarthy)  ll; . 
of  litis,  iiiiliiuing  an  acolyie  tuto  ific  myslttritfit  of  hi*  j 
numttrouii  as  are  the  de-ncuB  describpd,  thry  douhtU***  f<>rmctl  i)ui  a  >i;-iJ 
part  of  ihiise  wliich  coiwlituiud  th«  active  anrl  ultiiietit  capital  of  dir 
Kgyptiiui  priesthood.  With  xitv  cxr^ption  of  an  hydraulic  an*]  anolfact 
orgiui,  a  synngo,  fire  viiginu,  founlnin  of  cK)mpre«ition,  ihrrt-  J:nrr»i 
two  tvjlipilcs,  (aitd  most  of  which  wt-rv  aUu  usod  for  utn< 
iht!  whidi*  may  b*«  uonsidfred  ha  u  luxi  bwik  for  conjurer*.  '  " 
six  problems  coiiloitied  in  the  book,  twetvo  relate  to  tbu  nur(.i< 
proiligie^s  at  tho  allars.  by  air  (lilat«d  by  the  heat  of  the  McreU  f!r>  ' 
as  alreiulv  uodcod;  iipuraitts  of  forty  rela[e  to  tacriiivial  viut«4,  Tm 
cups,  magic  piichera,  &c.  In  soniu  of  thetn  were  concealed  caTi'  ■ 
which  the  liquid  wna  ruiaiued  or  dischargvd.  by  olosinij:  with  die 
a  minuiu  opeiiini;  in  tho  handle.  Wator  wa«  pttured  into  tome  acid 
gvvo  out  witiL-,  uiul  vtre  vrna.  In  these  we  have  a  aolulion  of  thi 
by  whic)i  wau>r  was  changed  into  wine  in  the  tvmplo  of  T?  .  ' 
7lL  of  Jsuuitry  at  the  winual  fe«9t  of  the  god,  as  mention- 
dtfaers  wuro  clisipusod  purutiona  forming  various  comparuutinr 
diilemnt  Uifoids  wore  retained,  and  all  discharged  at  one  •< 
species  of  ihruii  or  four-way  cock)  w  that  those  in  tho  secret  could  a«» 
wioi},  oUi  'jr  water,  nt  pleasure ;  besides  niauy  bther  T/terry  cvnenf' ,  -n  'i* 
old  authors  luune  them.     There  is  we  think  anioog  them   a1 '  ' 

denee  that  our  solution  of  Tntia's  miracle  of  carrying   wutor 
was  the  true  one.   It  is  probable  that  in  some  of  these  vasos,  specimew  d 
the  old  dirioing  cups  may  be  found. 

The    inguntous   reader   will  not    repine  at  oar  inserting  a  specima 
of  a   luatril   vase.     We   have  selected  this  because  it  shows  tiMt  me- 
chanical as  well  as  liydrodyDamical  devices   wurc  adoptvd  as  occaMoM 
required.     It  sbows  also  thai  the  ttwde  of  increasms  or  JiaiiniEhing 
pressure  of  a  volvo  to  its  seal,  by  a  loaded  le%'er,  as  ui  the  tai'ely  vs]rit 
B  steam  engine,  was  known — a  drcunistancc  that  may  be  deemed  quite 
■igntficsnt  1}y  some  persons;  but  attention  to  such  liute  ibitwi  d 
emblee  us  to  arrive  at  correct  cstinuues  ofun  ancient  doviee,  tin  of 
higemtity  and  fertility  of  conception  of  ancient  devisers. 

ftlo«l  readers  are  aware  thtu  Ao/y  water  was  derived   from  thai  of 
heathen.     When  a  worshiper  was  aiiout  to  enter  the  temple,  he 
ted  himiiclf  from  a  vaae  of  it  placed  near  iho  enirancc.     On  some 
lar  orcaf^iona  ilie  puoplo  were  sprinklufl  by  priests.     (See  an  ex 
page  loa.)     Thnae  who  celebralufl  the  Kluuttiaiaii  inysteties  went 
eularlv  required  to  wa«h  their  hands  in  holy  wamr.     In  tbe  reidtntf 
tiie  liquid  was  a  source  of  ccinsidrtmblu  pmtit  to  monks,  and  it  was  e' 

a  eosiom  for  clerks  and  scholars  to  hawk  it  for  sale.     Fr n-'.-^.' 

•cription  of  thf  following  figun*,  <No.  178.)  we  learn  th-i^ 

■(■•I  made  it  a  souri^o  of  rnvenue ;  the  vessels  containing  l<i-..  .>.  »  ^.. 

bKPgaiwiyfi  open  for  public  use,  free  of  cliargr,  but  elmed,  and  I 
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a  moaey  box  prurided  with  a  tlit  ar  the  top.  thmagh  which  a  t^ruin 
vae  to  be  nuL  beiare  the  donor  could  rt-crive  muy  of  the  purifying 
nu.  In  ilie  vase  hefbrc  uo  jfee  drttcAmo!,  or  about  seventy-five 
ware  retjuired.  and  it  will  be  perceived  from  the  construction  of  the 
latUB  that  no  less  sum  could  nrc^curo  a  drop,  although  aa  much  more 
niiglit  Ik-  put  in  a.i  llie  rlonor  thought,  proper.^ 
Tlic  device  is  s  v«rjf  n^-al  specimen  of  religious 
ingenuity,  and  thi!  more  M  rince  it  required  do 
otteitdiiig  miniHter  to  keep  it  in  play.  We 
may  judge  of  other  apparatua  belonging  to  the 
old  tempifia  by  the  ulent  displayed  in  this.  A 
portion  of  the  vase  is  removed  m  the  figure  to 
show  the  interior.  Near  one  aide,  ii  seen  & 
cylindrical  vesael  at  A.  It  is  this  only  that 
contained  water.  A  small  tube  attached  m  the 
bottom  is  continued  through  the  side  of  ih''  vase 
al  0,  trhcrt^  tlie  li(|uiij  w.tsdiiifhat^Ml.  The  in- 
a^r  oriticr  of  the  luhe  wtu  formed  into  thn  aeat 
of  a  valve,  th*!  plug  of  which  was  fixwd  on  the 
lower  end  of  the  perpendicular  roil,  whove  iijh 
pvT  <ind  wan  cniinected  by  a  bolt  to  the  hnri- 
x4>ntHl  If  vrr  or  vibrating  beam  R.  One  end  of 
K  i»  spread  nut  into  a  flat  dish  and  so  arnin|n;d 
receiv*!  on  its  surface  r-wry  thing  dropped  through  the  slit.  The 
tnms  on  a  pin  or  fulcrum  very  much  Ukc  a  piunp  handle,  as  re> 
nled.  Tbt!  camion  will  now  be  understood.  As  the  wt^ighl  of 
d  ke]rt  the  valve  cIomnI  while  nothing  rested  irpon  the  broad  ei»d  nf 
ver,  so  no  liipiid  c«Kild  escape ;  but  tf  a  number  of  coins  of  sidhctent 
It  were  dropfN*d  through  the  slit  npon  the  end  of  R,  the  vhIvb 
]  then  lie  oiw^ntil  and  a  purtion  of  liquid  escape  at  e;^-th«  (juantity 
kg  out  would  however  be  very  amall,  not  only  from  the  contracted 
>f  the  tube,  bm  from  tlie  fact  that  the  valve  would  be  open  only  h 
mt ;  for  as  the  lever  became  inclined  from  it«  horizontal  position  the 
1  of  money  n-ould  vlide  off  into  the  mass  accumulated  at  H,  and  the 
would  as  (quickly  W  stopped  :  tlw;  apparatus  would  then  be  ready 
jply  th«  next  customer  on  the  same  terms-  This  certainly  was  m 
K  and  ingenious  a  mode  of  dealing  oui  liquids  as  it  was  a  profitable 
md  af^er  all  was  not  half  so  demoralising  %»  the  retailing  of  ardent 
I  in  modem  limes. 

B  would  suppose  the  piibliestioii  of  such  a  work  as  Heron's  Spiri- 
Rost  have  been  as  distasteful  to  (he  occupants  of  ancient  templet, 
m  of  Luther's  writings  were  to  Lea  X  and  bis  associates  of  tba 
ui. 


Akmoi  Vm«  of  t-wind 
Wiiir. 


qMUidea,  lioc  «■!  in  vasa  uetificii  injecto  qvinque  dnebnurum  inmianate  aqua 
cijCBdnsD  sdiait.    SffriisHa,  xil. 
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OvtTSAMi  Mbanbl*  taadiiMntf  tb*  CTW  poHtsa  of tk«  buwa  nM  Wfwi  I 
IWfWUtitr — louriM'B  »MUrr  fann»^lViiiiJcn  nf ilnt^     lit  bcaatpul  l»iii«>— an  (^■%IWBnd 
—Will  (■p-im-lo  n-iarlj'  ill  kiniNt  ttrnilpry— Cr^vn**  "'  »•'"  i*t»—Camn  uly  i 
mBplujiJ — I'uii  buillUK  uver  auil  |iriiiullia  nL^MirtNicaU  tigr  Gsnial**— Hmmb  u  micwml  !■  »whl>«  fntf 
|l«»-rnMu  UmUmt  wuIi  *lMa~»Mi>*caa  t»«l»4    »ii>«ig  bwwa    ItMiliTmak—    jUUi>«»»»«  <■! 

■flHplli^-aK—OT>>|p«n«lt»«MHwprtMt*fl»  KdtpflM  iaMtt«i  hy  TMrud**— TbMr  twiwa*  M»- 
ll«faMir  itrvict— t'riillfiiln  (Vnn  Kri-|B»  Cmftia  fimucr  ^id  ealiptln,  Tiaa  Ft  r  b  ■  1 1  HI  iiiltw  ■[ifftm 
Udw  uf  atmni  rrnivil  wud  |Hitt>leil— Kvltt>it»«f  U>*  hvaiwi  lbT« — .ioplvot  leaiinw — Jart  «f  (iikig»- 
PMnr,  >  *lr*in  dnly  of  (Iv-  aiicirat  G»«iii»— lin*"*tr  of  Iba  print*  la  r  ■»— wil^  a«<  kiatiaf  ■■- 
Bopinwil  ■llMtojw  M  w>ll)><lii;  iJol*  ik  iIm  bahl^-8m(>l»r*4  In  annvan  van  m  prufi*  «uaa—  MU^'* 
ftre— Draft  of  efclqwayi  impmei,  patfti^aa  iJmptnU.  aaJ  aiaaw  fniatmt  bj  aJIpllw  Etlifflw  itt 
garaof  iBoJan  ttmm  iMiBM- 


If  <vo  coutoinplate  the  put  lustor|y  of  a»o,  wo  bIioII  find  ihml, 
few  inaiguificiuit  cxcopiiuns,  the  enure  race  hu  beeu,  u  it  were,  di 
to  support  tui  exisiuiice  BUrcharguJ  vriih  misury.  Frutii  tbe  owlieft  p«- 
riotls  uf  recorded  tiuiu,  wu  bi'hulii  liiu  grcui  umw  sluvt-s  U)  on  organiwil 
ileepoium  which  s  few  cruJly  ttpiribi  ontuilud  upuii  tfau  apcoies — •  dMDo- 
[ism  boili  menial  and  phyi>icttl — tu  KutKlut;  iliv  body  »ad  enthmll  tho  nuod 
— poliucal  and  ecclouastioal  despotitm.  To  thtj  ueglset  of  inuntal  culnv*- 
□oaaloiie,  theae  ovils  are  to  be  auributed;  for  lit  every  age  men  hut  el 
the  tame  elements  of  prospcrliy  and  of  happUMiw.  The  evth  and 
treasures  have  always  been  ai  their  diapowl.  aud  the  natural  cBuaciiJM  i 
the  human  inielleoi,  have  probably  always  been  the  aatao.  It  u  the 
pfoveraeni  of  these  capacines  by  culture,  oiid  their  degeneracy  by  vegi 
that  make  all  the  differences  in  men's  oonditiuii.  The  horrible  sttSarinfl 
of  the  myriads  of  human  beings  who  hove  paased  througfa  a  life  of 
oeusing  himI  unremiited  toil,  were  owing  to  their  ignorance,  aad  hrocv 
tyrants  of  the  earth  have  always  labored,  and  stiU  labor,  to  keep 
uninfrirmed  that  are  subject  to  their  away.  lemrsnoB  was  lbs  emnd  i 
gine  by  which  the  most  atrocious  svstems  of  tynmny,  snpcntiiioD  i 
magic  wore  established  in  ancient  Dmes;  and  whose  inHtumcoa  aro  aoc 
yet  done  away. 

Rut,  wiihin  the  laAt  two  oemuriea  a  new  et»  bu  opened  with  HnRhter 
pro«pectd  for  die  human  fiunily  at  large,  than  ha«  ever  yet  dawned  upon 
It.  An  era  that  has  been  UHhered  in  by  the  disooTBry.  or  rather  ap 
Don,  of  a  new  motive  ageiitf  vig;.  9TBAH.  The  wnno'Tful  otfi-'ctii  wt 
this  fluid  has  lH*en  made  to  produce,  are  sn  creditablp  to  the  human  IQl 
lect,  and  so  fraught  with  consequences  of  the  highrat  irtiport  to 
race  in  all  times  to  romc,  as  to  excite  even  in  the  hkmb  torpid  mil 
emntinns  of  stirring  interest  Slcam  is  chan^ng  every  ihinc.  and  cvt 
thing  fnr  thfl  bettor.  It  has  opened  new  nonrces  of 
vidual  happiness :  nor  is  its  influoDce  confined  to  thi- 
tinti  nf  man,  for  by  it*  conntNTiipn  with  the  mAiin" 
the  prinfing  pnM,  it  has  done  toot*  lo  rouse  ati.. 
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inteUeetnil  energies  of  oar  natare  thun  any  thing  eUe ;  and  hu  imparted 
■  Ttgoroas  itnpube  to  them,  as  well  as  to  the  useful  Hrts,  As  all  the  ad- 
»ant»gps  derived  in  modern  tunes  from  steam  ori^nnted  in  attempts  to 
raue  iratrr  by  it,  we  need  offer  no  apology  lor  mdiilging  in  aomo  preli- 
intnary  remarks. 

What  a  proof  is  sieam  ofthe  stores  of  mo^jwyoroff  that  arc  to  be  found 
in  the  inorganic  world  !  Forces  that  can  render  us  inoalculabte  service, 
if  wc  would  but  open  oor  eyes  u?  delect,  and  exercise  our  energiee  to 
vmploy  them.  Who  could  have  supposed  two  centurien  ago,  that  the  sim- 
ple vapor  of  water  would  ever  be  used  as  a  substitute  for  buraau  exertions, 
and  sKo'ild  relieve  man  from  a  great  portion  of  the  phvsicai  toil  under 
which  he  has  gro«ned  from  the  ueginiung  of  the  world  f  Tliai  it  would 
arm  him  with  a  power  which  is  irresistible,  and  at  the  same  time  the  most 
pjianl— one  that  can  uproot  a  mouniain.  and  yet  he  controlled  by  a  child  1 
Who  could  have  then  imagined  that  a  vessel  of  boiling  water  should  inv 
put   motion   to    machinery   in    every   depiirtin«>nt   of   the   ariK,   and   be 

Hitally  adapted  to  all — should  npin  and  weave  thread.i  fine  as  ihosfi  of  the 
taainer ;  and  for^  tonti  of  iron  intn  Hm^le  l>iir.4  with  almofil  et^ual  rapi- 
y  and  ease — raiee  water  from  miive^,  in  sircams  cijual  to  nvers  ;  aiwl 
extract  momttuns  of  mineral  from  the  bowels  of  the  earth — should 
propel  carnages,  such  an  nn  hnraeH  could  move,  with  tlic  velocity  of  wind ; 
and  urge  ehipa  of  erety  clasfi  through  the  ocean,  in  spite  both  of  winds 
and  wares — afaoold  be  the  means  of  circulating  knowledge  at  the  price  of 
waste  paper,  and  of  awakening  and  stimulaiing  the  moma)  capacittea 
of  mun  !  In  a  word,  that  &  little  aqoeous  vufuir  sboold  reroluiiunue  the 
vbole  social  arvd  political  condition  of  man :  and  that  after  having  done 
all  this,  that  it  should  prnhably  give  place  to  other  agents.  elilT  more 
powerful  and  beneficial,  which  science  and  observation  should  discover. 

What  a  proof  is  Bte«m  of  the  high  doitiny  that  awaits  our  spociea ! 
The  moBl  (ervid  ini&cination  cannot  realizes  ibe  importance  of  thuiur  disco- 
veries in  flcionco  aoa  the  artH,  of  which  il  is  merely  the  forfrunm-r  ;  the 
firft  In  that  iww  eatalogac  of  mmive  agents  that  ore  ordaim-d  to  change 
the  condition  of  men,  and  to  regenerate  the  earth ;  for  all  that  is  yet  done 
is  but  as  the  twilight  that  ushers  in  the  orb  of  day.  Hilhrrto  man  has 
been  comparatlvuly  asleop,  or  in  a  state  rcMrmbling  it— iniiciit>ibk*  of  tbe 
Hch  inheritance  which  the  Creator  hait  placed  at  his  disposal  in  tlie  elas- 
tic fluids,  and  of  their  adaptation  to  impart  motion  to  every  species  of  me- 
chanism. How  lew  persons  are  aware  that  the  grand  invention  of 
imparting  molioD  to  a  pision  by  steam  and  other  elastic  fluids,  is  the  pivot 
on  which  the  chief  ofrairs  of  the  world  is  destined  hereafter  to  torn  1 
Aod  the  time  is  not  distant  when,  by  meatis  of  it,  th<^  latent  energy  of  the 
gases,  or  other  prop«^rties  of  inert  mnncr.  will  supcrfede,  in  a  great  de- 
cree, the  drudgery  of  man — «"iU  perform  ncJirly  all  rhe  labor  which  the 
bonesandsitiewsofour  species  have  hitherto  been  doomed  to  accomplish. 
There  are  persons,  however,  whose  minds  biased  by  the  eternal  bondage 
in  which  the  mass  of  our  race  has  always  been  held,  who  will  startle 
at  tlie  ides  of  the  whole  becoming  an  intelligent  and  highly  intellectual 
body.  They  cunnoi  conceive  how  the  affairs  of  lifr  are  to  be  continued 
—the  exectttion  of  irnumerable  works  which  the  consritntion  of  society 
requir<>s  should  be  pcrformrd,  if  these  helots  ber/imo  free.  But  ran  they, 
can  any  one,  seriously  ijelieve  that  the  all-wise  aiwl  benevolent  Creator 
oould  pOfoilily  have  intetidcd  that  tlie  highest  class  of  heingB  which  he 
ha*  pUced  i^ii  ihit  phiDct — the  only  one  capsMe  of  appreciating  his 
works  ind  rv^h/.ing  correct  ideas  of  hiii  attributes — that  tne  great  por. 
tioQ  of  tkes«,  should  past  tfirougb  life  in  uaceaaani\^  uaVtv^  Kca  tcuhtv 
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IixmI;— And  ODdergoing  privations  anJ  KuH*Dnngs  to  olitain  it,  frooi  whi 
ibiO  lowest  (uiimuld  are   exempt  T     Atauredly  noL     HnJ    Much  l«t>n  hit 
dcitiga.  lie  would  not  bave  creatod  tbem  witb  fvcultitia  trxpivsal^  adi, 
for  nubler  pursuiu. 

It  is  the  glory  of  nitKlerD  6ci«nco,  that  it  calls  into  lec^itinrate 
botli  the  physical  and  memal  powore  of  man.     It  rewards  liim  witli 
merotu  forces  derived  frora  inanimatu  natura,  and   intilruct*   him  in 
appUcalioD  of  tfacm,  to  all,  or  nearly  all,  tht*  purposes  of  life  ;  uid  vv 
tually  it  will  n*t:]uiro  from  htm  no  greater  amount  of  physical   toil.  Uun 
wliai  conduces  to  the  full  devwtopmvnt  of  all  the  energies  uriiiii  ram- 

EDUnd  nature.  It  is  destimid  Uy  awukvn  tliiu  niau  of  intellect  which  hu 
iiherto  loin  dormant,  and  bfNfn  all  but  buried  in  tlie  lalxiriiig  cUatm; 
and  to  bring  it  into  active  exerci«o  fur  llio  lienufit  of  the  whole.  And  fir 
aught  wo  know,  the  "  nrta  tortk,"  spoken  of  in  the  stripmrua,  m«y  rrfe 
to  that  state  of  society,  when  scienctt  hns  thus  relieved  man  from  sll  in'^ 
riouB  labors— when  he  will  walk  erect  upon  the  earth  and  subdiH 
rather  by  his  intellect  than  by  the  sweat  of  his  hn>w — when  the  cunw 
i^oFsnce  will  )>e  reMiovqd,  and  with  it  t)ie  treineiMluus  puiujibiiient  thst 
has  over  attended  it.  Then  men  will  no  longer  enter  in  siioal*  into  a  w^ 
state  of  exiitlence  iu  another  world,  as  utterly  ignorant  of  t)ie  wnndenof 
creative  wiwdoin  in  this,  as  if  lhc>y  had  never  tiecn  in  it,  and  had  not  |mm- 
aeesed  facultie*  expresuly  adapted  to  study  and  enjoy  them. 

There  is  no  truth  in  tlie  obxervation  of  some  people,  that  all  discovi 
of  importance  are  already  made  ;  on  t}ie  contriiry,  the  era  of  •rietiti! 
re«earch  and  the  application  of  science  In  tlie  art*  may  be  considerfil 
but  commenced.  The  work*  of  creation  wilt  forever  furnish  materials 
the  ex.erci«e  of  llie  miiat  relined  intellects,  and  will  reward  their 
with  a  pvrpetual  succession  of  new  discoveries.  The  progn-ss  which  JM 
been  made  in  invostigatiog  the  laws  that  govern  the  aifueotu,  atmoeiAcn- 
col,  mineral  und  vegetable  pans  of  creation,  is  but  a  prelude  to  wut  H 
yet  to  be  done — it  is  but  the  clearing  uf  the  ihresliold  prej^iratory  to  ihl 
portals  of  lti'<  temple  of  science  being  tlirowu  open  to  the  world  al  Ifern. 
There  is  no  profession  however  iaatur«d.  uo  art  however  advanced.  tW 
ii  not  capable  of  further  improvement ;  or  that,  »o  far  as  w«  tun  tell,  wiD 
not  always  be  capable  of  it.  If  au  art  be  carried  to  the  tiimost  perTectioii 
it  is  capable  of  in  one  age,  diacovenes  in  otliers  will  in  linte  b«  inade.  b; 
meam  of  which  it  will  be  still  further  advanced  ;  for  every  iuproveioail 
in  one  has  an  eifect,  more  or  leas  direct,  on  every  other. 

The  benefiu  already  derived  from  steam,  then,  are  but  aa  a  drop  U 
the  ocean  when  compared  with  tboae  that  posterity  will  realiie;  for  if 
■uoh  great  things  have  been  accomplished  by  it  in  one  century,  what  may 
not  be  expected  in  another  T  and  another  1  It  has  been  calculated  that 
two  hundred  men,  with  machinery  moved  by  steam,  now  maiiubctutv  as 
much  cotton  as  would  require  twenty  millions  of  persons  without  ma^ 
chines;  lliat  is,  one  man  by  the  application  of  inorganic  motive  agents  Mil 
now  produce  (he  same  amount  oi  work  that  formerly  ret]uired  one  biHk- 
dred  thousand  men.  The  annual  product  of  machinery  in  Great  Britani, 
a  mere  spot  on  the  earth,  would  require  the  physical  energies  of  one 
tbe  inbabitantfl  of  the  globe,  or  four  bundred  millioai  of  men  :  and 
variouH  applications  of  steam  in  different  parts  of  tlie  world  now  p 
an  amount  of  useful  labor,  M-hicb  if  performed  by  manual  strength  w 
re(}uire  the  incessant  exertions  of  every  human  being.  Hence  thii 
•n-.^mnt  of  labor  isao  much  gained,  since  it  is  the  result  nf  inorganiMJ 
forcef,  and  cons«>qnently  contriWutea  «o  mucV  u>  tK«  aum  of  human  ka|lpi 
aesM.     Xow  if  such  nisulu  Wve  \ivx\x  \MWi)^  lijoiav  vi  ofi«;V\-5  —^  ^ 
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«eun  olour.  wfatt  ms;  not  be  cxpccteil  Ironi  it,  and  other  aCriform  Diiids, 
in  *gce  lo  etiiue,  when  ihe  progressive  improveriKint  of  cvrry  an  aiul 
«v«f-y  ericticc  »I)kU  have  lirought  to  Ughi  rtoi  ualy  oi\u'r  Kgt'ntH  of  tlie  kiiid. 
but  mnre  cfficK-ot  meonx  of  employing  them  T  There  it  no  end  to  llie 
bcnctrctal  applications  of  the  giLSve  as  motive  ogenis,  and  do  limits  to  tlie 
|Kiwcr  to  be  lU'iivctl  from  iliun).  Ab  lung  na  ram  tails  or  rivvrs  tioH' — 
while-  ircvs  {Cor  fuol)  ^w.  or  miovral  coal  is  found,  nan  can  thus  wield 
B  power  tliat  rtmdors  him  almost  umnipotpiit. 

The  quL'sdoD  may  be  oaked,  why  was  not  the  elasde  force  of  «tcam 
(»rUt;r  usf  d  ax  a  liotircc  of  motive  power  7  Because,  as  we  observed  lie- 
fore,  mm  iioKlcctpd  ii>  omptoy  ihoee  imwera  of  reflection  and  invention 
which  (JihI  had  givrn  ihem.  It  certamly  formed  no  part  of  llic  Crcafor'a 
plan  of  eiivcniing  the  world  ihnr  ihcy  •'hnuld  have  »n  long  n-mainMl  ig- 
Doro^L  nf  iw  applicaimn.  He  hus  placed  man  at  tho  head  nf  cri'mion  and 
fumtikhfd  him  with  powi-rs  appropriate  lo  hia  pof^ition.  Evi>ry  ol)j<>ct  in 
natnrti  hr  can  usu  fur  gond  ur  for  evil.  Thry  are  the  maK^riab  from 
which  he  may.  aa  tui  I'Xpvri  machinisl,  fuhncato  at  will  all  ihat  hia  wnnU 
rei^uire :  he  may  pniililiili'  diem  to  ihi-  niiscrina  of  himself  and  hia  lei- 
low* ;  or  he  may  ncitlcci  them  to  rh**  injnri>'  of  all  It  is  iJie  ordpr  of 
tiaiUTV  that  her  latent  resourres  shnll  be  discovered  and  applied  by  titfigemt 
retearri.  Henec  eome  of  the  finest  spccimcna  of  the  Creator'*  wisdom 
am  only  be  appreciated  after  careful  study,  a  fact  which  is  )t«elf  n  proof 
of  his  wicHom  and  benelicunec,  since  their  realization  ia  thus  held  out 
w  an  iulucenient  tn  inve«tignte  thom. 

Sleara  ha»  of  course  been  noticed  ever  since  the  heating  of  water  and 
boiling  of  victual*  were  practiced.  The  daily  occnrrenee  implie^l  by  the 
exprr^Riinn  "the  pot  bgiU  over"  vraa  as  common  in  antediliiviim  as  in  mo- 
dern time.*  :  and  hot  water  thus  raised  was  one  of  the  earliest  obxerved 
fects  conniTted  with  the  evolution  of  ^-apor.  From  oliunions  in  ihn  most 
oacieni  writings,  we  may  pnther  tlinr  the  phenomena  cxliiKited  by  »te»m 
were  rimely  nliserved  oroliL  Thus  Job  in  describing  Loviaihaii  i«Uude» 
In  the  puff*  or  Tnlijme<*  t)ial  iwiio  from  under  the  covers  of  l>oil)ng  voitvels, 
**  By  bis  neesings  a  light  doth  shiiw,  and  hia  eyes  are  like  the  eyelid*  of 
the  morning :  out  of  his  nnttrils  goeth  smoke  [steam]  as  out  of  a  seething 
pot  or  caiildron."  In  the  early  uiie  of  the  vcmcU  last  named,  and  before 
OTperienr*  had  rendered  the  management  of  them  easy  and  safe,  females 
would  naturally  endeavour  to  prevent  the  Mvory  contents  of  their  pot* 
from  fl^*irig  off  in  vapnr ;  hence  attempts  lo  ronfine  it  hy  covers;  and 
when  these  did  not  nt  sufficiently  clow,  a  cloth  or  »ome  mmilar  mibstanee 
interpoacd  between  it  and  the  ea^  of  the  vessel,  would  readily  occur; 
and  a  stone  or  other  wei(;ht  plncol  upwi  tlw  tup  fo  hrt-p  aU  tiiifil  would 
also  be  very  natural.  Then  na  the  fluid  l>e^«ri  ii^iin  u.>  fi^ny*',  further 
elTorls  would  l>e  made  to  retain  it  by  additional  weights.  In  this  manner, 
doublleits  many  a  contest  waa  kept  up  between  a  pot  and  its  owner,  till 
Doe  gained  the  victory  ;  and  we  need  not  the  testimony  of  hi«torian«  to 
determine  which  thlft  was.  In  those  times  it  was  not  generally  known 
thai  ft  boiling  eatildron  eontainefl  a  spirit,  impatient  of  control — that  the 
rease!  was  the  generator  of  an  irresistible  po\^'tr,  and  the  cover  u  salety- 
*alvo  i  and  that  the  preservation  of  the  cnnti^nts  and  the  security  of 
ihi.*  operator  depended  upon  letting  the  cover  alone,  or  not  overlnading 
it :— henM>  il  no  doubt  onen  happened  tijai  tlie  confiited  vapor  threw  out 
the  eontpiits  with  vinleiicu,  and  then  it  wb&  that  primitive  cooka  began  to 
p«ire«>ivr  that  there  was  death  as  welt  as  life  in  a  boiling  pot.  In  ibta 
mannrr,  we  suppose  females  were  the  first  experimenters  on  iteam,  and 
(be  earliest  winMases  of  steam  boiler  explosions. 
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Th«  domestio  exhibitionc  of'  the  force  of  steam  mast  bavo  excited  tbf 
■tcendon  of  mechanicians  In  every  age,  nor  could  iu  capaliitiUes  iif  owr- 
coming  re«iMAnrm  opposed  to  it.  havo  escaped  thorn.  Tbiu  vee  &ul  tfait 
expi*rimonterii  are  almost  always  snid  to  have  derivwl  iKii  fint  luat  fna 
a  cnlinarj-  vessel :  hence  the  Marquis  of  Worcester,  according  to  a  traJ^ 
tion,  hod  his  attention  drawn  to  the  uso  of  this  6uid  to  rvto  water,  bj 
witnessing,  while  a  prisoner  in  the  Tower  of  LoimIod,  thv  lid  of  «  bcikr 
thrown  off  by  the  vapor — but  the  anecdote  ia  ai'  much  older  datu,  uui 
was  applied  to  many  others  beforu  his  -lime  as  well  as  eiiiou.  Vitruvim 
illustmces  bin  viuws  respecting  the  apptiuraocc  of  springs  on  mounlaiu 
by  a  caulJriiii  which,  he  says,  when  two  thirds  fillod  with  water  tMd  btU- 
ed  by  the  Hru.  "  curnraunicates  the  ht-at  lo  the  water ;  and  lliia  on  araoui 
of  iia  natural  purosliy,  receiving  u  strong  inHatiuti  from  the  heat,  dm  cnlj 
&\la  the  vessel,  but  swelliug  with  the'  steam  and  ratting  tke  eoeer,  urv- 
dows,"  &c.  (Book  viii,  chap.  3.)  Such  occurrences  are  naiur«*s  hint, 
by  attention  to  which  important  diaeuverius  have  always  been  mada 
Kven  when  people  in  former  limes  were  injured  by  the  explosioD  ofi 
cauldron,  the  misfurtane  should  have  been  considered  as  an  mdicatiot  «f 
natvre  lo  employ  the  force  thus  develo|><»d — oitd  also  as  a  pumshioan 
for  having  neglected  to  do  ao.  Nay,  we  don'l  see  why  auoh  occurrencn 
may  not,  in  this  view  of  them,  be  considered  providential,  as  well  a«  sub}- 
lar  ones,  which  theological  writers  avail  tbemselvee  of,  to  ««tahliah  ■ 
similar  doctrine. 

There  are  intimations  that  the  elastic  force  of  steam  was  employed  bf 
fl*veT«l  pcoplu  of  antiquity,  but  the  details  ofits  application  are  unfona- 
natvly  not  known.  Some  relics  of  its  use,  as  well  as  that  of  heated  sir, 
are  to  be  li>und  in  the  deceptions  practiced  by  the  heathen  pn«sth<Kid.  lu 
application  for  similar  piirpoNe.i  was  continued  till  coninamtivuly  modem 
UEues,  for  It  was  the  aniroatimg  principle  in  the  eotipilic  idoU  of  the  middW 
•get ;  and.  from  an  incidental  notice  of  some  expenmenu  of  a  Greek  trcki* 
WK.  it  la  proliutjiu  that  tbo  trembling  of  the  earth,  and  other  borrora  exps- 
rienced  by  those  who  were  initialed  mto  Uu)  greater  mysteries  of  aadat 
worship,  were  also  efiuctud  by  steam.  Artificial  thandur.  lightning  tram 
the  vapor  of  inflammable  Lii(mda.  and  uneurthly  music,  worn  produced  bj 
its  means.  Some  of  the  tricks  performed  by  die  rytbunvsa  and  her  co* 
•4io^rs  At  Delpbns  seemed  lo  haw  boon  moiared  by  iL  The  famouf 
tripod  against  which  s)i«  leaned  is  represented  as  a  brtMD  v«m«I  lh« 
which  a  miraculous  vapor  arose.  Sieara  waa  one  of  the  ageou  of  daetp- 
don  in  irisls  n^  ordi>aL  Those  persons  coodemoed  to  nndergo  that  of 
boiling  wuier,  were  protected  by  tbe  priests  (when  It  was  their  imerM 
or  incmmtion  to  do  so)  by  admittinff  a  concealed  stream  of  steam  Into  liis 
lower  pan  of  the  cauldron  cotttainmg  lepid  waters— the  consequent  agita- 
tion of  the  liijaid  and  the  ascent  of  toe  vapor  that  escaped  condensation 
presented  to  the  ignoraut  and  unsuspecliDg  beholders  every  appearanca 
of  genuine  ebaltinon.  Qu  similar  occasions  «r  was  forced  thraagb  tha 
liquid  in  the  darit  ages.  

Ancient  priests,  both  among  the  Jews   and  heathen,  were  Irom 
ordinary  duties  necessarity  coDvenaot  with  tlie  generation  of  steam, 
elastic  force  could  not  therefore  escape  the  shrewd  observers  among  l) 
Sacrifices  were  frequently  boiled  in  huge  cauldrons,  sevemt  of  whicn  wi 
permanently  fixed  m  the  vicinity  of  temples — in  "  tlie  boiling  places" 
thvir  locations  are  named  by  Sseklel,  "  where  the  ministers  of  the   hn 
shall  boil  the  sacrilice  of  the  people."     (See  an  example  fmm  HerodaC 
M  page  SOO.)     It  would  seem  mnreo\'er  as  if  some  of  the   boilers 
made  on  the  principle  of  Vafi«n'«  \)t{e«tnt,'\u<H\vv>^\ioMea'<Mw 
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by  '  high  »te«m' — nt  any  rate  a  dictinction  is  made  Wweeti  eeethinfi;  pots 
wind  CKaldrons,  and  from  iho  mannvr  in  whicli  both  are  tnciiiioiiea  they 
sevm  u>  huT(>  lM-«n  dc«i^iii*d  for  difTtrmil  purposes  ;  Uiv  fumicr  to  seethe 
or  »i)ftcn  Ixinps,  iht.-  latlttr  lo  inn\  tli«  H«»h  in  only.  "  Th«'v  rniieied  the 
Msvov(*r  with  tin?,  but  (he  oth«r  i>fi«>riiig«  sod  tbvy  in  pots  and  in  caul- 
droiM."  (2  Chr.  chap.  xxxv.  13.)  "S«t  on  a  pot,  »nt  it  on,  and  also 
pour  wttrr  into  it.  Crml[<>r  ih«  piec««  thnreur  into  it,  evon  avery  good 
pi«ca,  ihr  thigh  and  th<<  Hhoiildtir  ;  fill  it  with  thn  choiov  bonm-  Take 
ibfl  dtoiou  of  Inn  l]r>ck  mid  burn  (or  hmp]  alkn  [lie  bonea  undvr  it,  afid  make 
it  boil  weli.  and  Iki  ihemM-e/Ac  tAe  btmetiA  it  therein."  (Kxfk.  xxiv.  3,  5.) 
thm  opinion  of  the  Jhm's  having  cloae  vaaaela  in  which  st*wni  wax  niiaed 
htghrr  than  in  cunitiiun  caiildmna  ia  al«o  rendered  probable  from  the  fact 
that  the  Chineie,  a  cnntenipurary  people,  employ  uinilnr  onea,  and  M-hich 
frocn  th<*ir  tenacity  to  ancient  device*  have  probably  been  uaed  by  l^iam 
from  timen  antertor  to  those  of  the  prophet.  (Davia'  Chitieae,  il,  271. 
John  Belfa  TmveU.  \,  296  and  it,  13.) 

Similar  pn>ce<ite4  have  been  comroon  w^llh  chemiala  tn  all  ages,  in  th« 
making  of  extracfs,  and  someiimea  in  preparing  food.  There  ia  an  ex- 
ample in  Porta'*  NatariU  Magic.  He  tella  ua  (in  the  xiii  chap,  on  diMll- 
lation]  that  he  has  rosloreJ  peraons  at  the  point  of  death  to  heallit  by  "  an 
eaaence  extracted  out  of  flesh."  He  directs  three  capons  to  tic  dreaa«d 
and  (mded  "a  utiofe  tlai/  In  a.  g1asa  vessel  clotf  atopt,  until  the  boxes  am] 
flesh  and  all  the  substance  he  dissolved  into  liquor." 

Some  of  the  ancient  philosophers,  who  were  closp  observers  of  nature, 
compared  the  earth  to  a  cauldron,  in  which  water  is  heated  by  internal 
ftraa;  and  they  explained  the  phomonena  of  earlhf|uakes  by  the  accumu- 
lation of  fte«Tn  in  subterraneoua  cavernt,  until  its  elattic  energy  renda  the 
lOperincumbent  strata  for  a  vent.  Vitruviua  expluns  by  it  ihe  existenoe 
of  Doiliitg  spriaes.  In  the  reign  of  Justinian,  Anihetniua,  an  atx:hilect  and 
m&tii e ma ttcian  illustrated  ae^'eral  natural  phenomena  by  it;  but  of  this  we 
should  probably  never  have  heard,  had  it  not  been  for  a  quarrel  between 
him  and  his  next  door  neighbor,  Zeno,  the  rhetorician.  Thia  onilor 
appears  to  have  inherited  a  consiJersble  share  of  credulity  and  Vupersti- 
don,  which  gave  his  antagonist  the  advantage.  Anthenffus,  we  are  in> 
formed,  had  several  stenm  boilers  in  the  lower  part  of  his  house,  from 
each  of  which  a  pip^i  conveyed  the  vapor  above,  and  by  some  mechanism, 
of  which  no  account  has  been  preserved,  he  shook  the  house  of  his  enemy 
aa  by  a  real  earthquake,  upon  which  the  frightened  Zemi  ruabed  to  the 
aonata  "and  declared  in  a  tragic  style  that  a  mure  mortal  nrust  yield  to 
Utim  power  of  an  antagonist  who  shook  the  earth  with  tli*  trident  of 
Neptnne." 

There  are  reasons  ior  believing  that  the  expansive  force  of  the  stsam 
which  was  ovol\-od  in  heating  the  immense  volumes  of  walsr  for  th»  hot 
baths  at  Rome,  was  emplnyed  to  elevate  and  discharge  the  onnlents  nf  tha 
boilers.  Sir  "W.  Gelt  has  given,  in  his  Primpfiana,  a  representation  of  a 
■«t  of  cauldrons  belonging  to  the  Thermn',  at  Pompeii,  derived  from  im- 
pressions left  in  the  mortar  nr  cement  in  which  tht-y  were  embedded  It 
would  stiem  that  several  aerieo  or  sets  wrre  u"ed,  each  consisting  of  three 
c&Mc  boilers  (in  shitpe  not  unlike  modern  atills.)  placed  dingily  upon,  and 
connected  by  pipes  to  each  other.  The  manrM-r  in  which  they  wnre  con- 
nected is  not  known;  Gdl  says  by  a  species  of  siphon.  The  lowest 
boiler  «'as  the  largeit  and  was  placed  directly  over  the  furnace;  and  (he 
arrangement  was  such,  iJtat  when  iiny  pari  of  the  hiiiling  Hijuid  wta  with- 
drawTi,  an  e<jiial  qiiunUty,  already  warmed,  entered  from  the  mw-vV  W-Ae^ 
above,  which  at  the  some  time  derived  ft  supply  froov  tltw  ^l^V*^™^^  **'*'* 
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this  Isflt  being;  aJwavt  kept  filled  by  a  pipe  fn>ni  t}w  wjiieduct  nr 
lam.     ELeiiiiuna  uftne  |)ipea,  tttcks,  C4i[ipt?r  H>if*,  &C'  bavi<  t»'- 
ftbundatico.  bui  tlie  JetuU  of  ihe  beabng  upp>iralim  ami   lJii>-< 
wiUi  ihe  elevation  vid   diNtriliulion   of  the   l<(]uid   linve   nut    l>e«a 
tained  ;  thiii  i«  to  be  regretted  beraiue,  from  tli?  DumbHr  sod  oia 
of  tiie  hue  bajhs  at  Itotoe,   the  operatioas  of  boiling  aud   diapemn^ 
water  muai  have  been  couducted  on  •  scale  far  mure  exteiisin*   Uiaa 
tiling    ID   modem  timea — tlie  most   extensive   brcwenca  and   diMiI 
not  excepted.     Some  idea  of  the  apurslions  may  be  d^rivod  (mto  tha  I 
ihfttu  sing^le  pstabtiehini>nt  could  accomnKMlate  two  thou6«od  penoo*  wdk 
warm,  or  ratLer  Kot.  baths  at  die  same  time.     Seneca,  in  a  leuur  to  \jw- 
lius,  says  "  there  is   no   difFerence  between   t^e  beat  uf  tii<<  ballis  mJit 
hmiiig /Hrnate ;"  and  it  would,  lie  obeervos,  »ppoar  to  a  r«a»unablr  nua 
aa  a  s'lfHcii'iit  puni^hrnRnt  u>  wash  a  oondemtied  cnminal  in   tlivtn.     Tnt 
purwns  who  had  the  chnj-ge  of  hoatiiic:  in  ciowt   vksivIs   and   diiir 
dftily  «<icb  Inrgu  ijuanliiies  of  water,  must  nnceRvuTily  linv^   f>e«'ii    ' 
uiit  with  die  mocbuiical  propcrtii*s  of  sleani,  and  with  ecoQum  i  .,!  m  n  ■ 
of  geiiL-raunij  it.     In  some  cases  ibe  water  wa»  iicwlL'd  hy  (m--i         i: 
a  cuilvd  copper  mbo,  like  a  distiller's  worm,  wlucb  was  ■ 

We  have  provitmsly  rumarkud  that  the  Romans  also  h^  

making  it  pass  through  ihc  hollow  iputes  of  a  furnace.     (6i>e  Pai 
ToL  I.  190,  aitd  Gull's  I'ompmna.) 

Bttsiilua  the  various  uppliuations  of  hcatod  air  and  of  vapor  abatiii 
noticed,  llierc  is  in  problem  XLV  of  Hcroo's  Sfnntalia,  a  deicripti  -    ' 
•  close  Ixiilur,  from  the  upper  part  of  which  a  current  ts«ue«  tliat  i'^. 
St  some  distutice  above  tu«  bodur  a  light  ball  like  tliote  that  are  mvu 
play  on  jcu  of  water.     (See  the  annexed  figure.  No.  179.)     Thr  wl 
ling  coliptle.  No.  180,  is  the  subject  of  problem  L — and  i^  the 
repreacnuuion  of  a  roaohine  moved  by  iteun  iliat  is  extant.     It  co 

of  a  small  hollow  sphefr. 
B«l*|]N,fnMB*na.  which  Wvq  short  tubes  or 

in  tlie  line  of  its  axis,  and  wfe 
ends  are  bent  in  opp*isiie  dip 
tions.     The  sphere  is  su«jwa^ 
ed  between  iwo  column*, 
upp«r  eiulu   being  pointed 
beot  toward*  ench  .'<iif- 
of  these  column*  w«.- 
conveyed  stoam  fru>i 
into  the  sphere,  and  Uh*  r> 
of  the   vapor   from   ili'. 
tabes  by  its  reaciiou  imj- 
ravolvmg  motion  <n  Uic  sptx 
These  two  opplicntionr  ofi 
have  U'cn  coinidvred  the 
of  u  fortunate  mtid'irn  xhnn^^Ht 
which  Heron, ' 
mechanic,  stumbled  no  by  a  species  of  chance  medley,  ^« ' 
tainly  indicate  an  intiinsti>  though  il  may  be  a  Itmilrd  acquar 
the  merhanicnl  pr<ijH>rties  of  that  fluid.     We  should  never   sn 
this  elegant  application  of  (he  jel  to  sustain  a  ball  in  the  aJr  wa* 
of  a  first  iittempt  in  use  steam,  much  less  that  the  complex  mova 
the  whirhng  eolipilc   wns  another  lii'incrht  of  tliu  tnammtL     Did 
toodern  experimenter  in  hydraulirs  over  nil  nj»ii  the  »uspcaidoB  of  n 
hy  a  jet  of  water  in  bit  first  essays.  <ur  deviae   Barker's  mill  at  a  <it 
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luivtng  aver  bntrd  of  either?  X<i  nuiro  than  uny  oiA  nMtolutiicnn 
LtliHl  thi!  above  UoCare  experimsnia!  nwpsrchfli*  on  Iteum  hml  b»- 
iaimliar  to  htm,  ifnot  U)  his  conieinporaneB.     Brnuiff*,   there  lisye 
wilfaiti  the  laet  half  century  not  leaa  than  halfn  doziin  patmU  laken 
for  rolary  stekm  engines  iiietilical   in  principle   with   the  whirling 
ilipilp.     Thi:   fact  seenm   lo  ho   thsl   Hiirnn  sHnrtpd   the   two  ilcvicRi 
DOVf>,  nil  the  3arm>  principle  as  the  r^st  of  thf^  illudirationi,  L  e.  such  u 
but  judgment  would  he  th^  mr>8t  inierrsling." 

From  a  remark  a?  Vitnivius  in  (he  first  book  of  his  Ar«hiteeuire,  chip.  6, 
e  Inarn  that  thoac  portahle  ateam  mnchin^a  named  ^tdtpUet,  (from  Eolus 
he  ^r>d  of  wind,  and  their  application  to  create  artificial  winds)  were  in 
mmon  use  in  hia  time.  Speaking  of  the  town  of  Mytilene,  he  ohgerves 
luit  the  inhabitants  were  subject  to  colds,  in  those  seasotiii  when  c*r- 
in  winds  blow;  at>d  whicb  mi^ht  have  been  in  some  degree  avoided 
\y  a  more  proper  disposiKon  of  the  streeia.  "  Wind,  [he  remarks]  is  «nly 
current  ofdr,  flowng  with  uncertain  motion  ; — it  arises  from  the  action 
if  heal  upon  mointunr— the  violence  of  the  heat  foruiii^  utit  the  bUisM  of 
ir.  That  this  i*  the  fuct.  Me  bra*t  eaiipUta  muke  erideiit ;— for  tb^  op- 
inns  of  the  heavens  and  nature  may  W  discoven>d  by  the  action  «if 
iai  machines.  Tfteae  broM  etUiptUM  art  KoUoui  and  havt  a  very  nar- 
ai>ertHfe,  Ai/  ^f/iicli  li^i/  are  fitted  vnth  leater,  and  Mc»  placttl  on  /Ar 
'ft  z^-htfare  thcj  htL^mtf  hoi,  thry  emit  no  r^urm,  hut  at  mqoh  tu  tiit  umIo 
itgiiu  to  ioii,  fhfy  ttntd  forth  a  vehenievt  hla*l."  A«  the«e  inntrumRnts 
ve  been  adapted  to  a  great  variety  of  purpose*,  as  well  as  being  inti- 
nately  connected  with  this  pan  of  oiir  subject,  we  shall  noiioe  lliem  with 
ne  detail.  From  the  times  of  Vitrurius  to  those  of  Den  Cartes,  and  up 
the  present  century,  tiiey  have  been  used  as  philosophical  tnsirumenis 
O  illuatnUe  the  nature  of  winds  and  meteors,  as  well  as  for  other  scien- 
tific pursuits.  They  were  used  as  substitutes  for  Itellows  in  blast  furna- 
ces and  ordinary  tirus.  The  draft  of  chimneys  was  increased  by  mean* 
of  them.  Tbey  were  made  In  produce  muuc  and  diK|>erNe  perfumes. 
They  constituted  ttie  diittilitng  veasels  of  the  alchymixls,  and  in  all(>tll■^^ 
fbmi  were  employed  as  weajMns  of  war,  and  were  even  deified  in  the 
flenm  i</«i/«  of  old.  They  were  the  first  instruments  employed  lo  raise 
Water  liy  steam,  and  the  first  lo  produce  motion  by  it;  and  hence  they 
constituti;  the  germ  of  modem  steam  engines,  to  which  we  may  add  that 
ihey  led  to  the  invention  of  steam  gtuia.  {See  Martin's  Pljilosophy."  voL 
Si,  90.)  They  are  commonly  made  of  iron,  brass,  or  strong  copper,  hav- 
ing a  abort  neck  in  which  a  very  minute  opening  ia  made.  In  order  to 
ofaarve  one  with  water  (or  other  lic]uid)  it  is  placed  on  a  fire  until  nearly 
red  hot ;  tt  i«  then  taken  off,  and  the  neck  jilacod  in  water  or  the  whole 
plunged  in  it,  which,  as  tlie  vessel  cools,  takes  the  plsce  of  the  nJr  driven 
out  by  the  heat.  It  is  ilieo  nlaoed  on  a  braaier  of  charcoal  or  oilier  fire 
until  steam  is  rapidly  evolred  and  discharged  with  violence  at  the  orifice, 

Vitniviua  has  not  mentioned  the  particular  purposea  for  which  eolipiles 
were  used  by  the  Romans.  It  is  however  known  that  they  were  em- 
ployed nq  bellows  for  exciting  fires ;  and  as  thia  was  not  for  want  of  (he 
totter  inatrumenta,  tbey  must  nave  bad   properties   which   rendered  tbem 


•  It.illt  rfniKui^  on  j«ta  of  irniaf  nml  air.  vrnn  s  tnvorito  aocompanimenl  of  (be  old 
gaiitun  Kiier  wori*.  and  livdraulic  urgnnii.  &e.  of  Italy,  wlwre  llie  davic*  baa  prolnabfy 
r««n  in  '!■«  4inc>>  the  iitnn*  nf  Uu*  Kapublie  :  l)ir  mi>iuiu-ui<mii  nrttnUlnin  with  p^ss  on 
tbe  entli  vf  In'mcco  pipu*  Of  fv«<)s  is  in  imilauos  of  it :  tbo  diirrnni  o(  air  Mown 
Ihrn  I  r^iamlicutai  tiibe  keopn  the  t'my  rIoIw  lotnu  im'liet  above  tbe  oriAcc. 

S(b< '  :l*,  valuing  vriUi  the  forea  ofdia  currant,  produce  a  vary  a^naabU 
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ftreferablc,  on  some  nccftjiont,  to  h^llowi.     Oo»>  iwirlmr.*  *»«  lU-W 
pyiiifc  Utile  room  on  ihe  h^&rih  j  and  another,  ihwir 
Co  keep  up  the  blasL     It  has  Already   been  ob«erv. 
human  hello ws-bloTvers  t'ormpH  part  of  (he  larfi^o  •! 
ill  ancicDl  Egypt,  and   Noe.   103  and    104   of  our   iiui>ir>:i<.-r 
•oroe  at  work  in  nnc  of  the  kiiehens  of  the  Pharaohi.     Tlie  pmctK* 
probably  common  among  a]|  the  celebrated  natioiia  of  old,  uiJ  »«• 
that  it  wua  roniiniied  in  Europe   till   the  aixleenih  century    if  uoi 
To  lupem'^r  (Wvi  workmen  might  iberefore  hare  beeo  one   mMon 
the  employment  f>f  eolipilcs. 

In  a  TiKtin  r^lloction  of"  Kmltfmu  htim/n  and  liivine,"  (Prague.  1601  \ 
thsrr  U  a  deV)<^ei  of  One  of  the  olil  Ci>iinia  of  H»|<«burg,  M'htch  mnctft 
of  a  l»lo«nng  eolipile  with  a  atreton  of  vapor  issuing  fmm  it,  awl  tit 
moim  J^utu  Jui^K  (Vol.  ii,  372.)  The  wme  deTice.  la  alto  girrti  in  i 
treaii«6  on  Hrroit  Sj/mitJA,  Antwerp,  IGS-t.  Reiice  thia  auci«*ni  dimtw 
tic  itiHiniment  waa  mlopted  on  aiich  ocoaaionB  as  well  a«  iho  bwilwin^ 
■yrin^,  watering'  pot.  Sir.. 

Rivma  in  commenting  on  the  eolipilen  mentioned  by  VitravitisdHfrrihn 
thoae  in  ti«e  in  his  own  rime,  (A.  D.  IS4S.)  and  pivea  aeveral  figorv*.  vr.m\ 
which  we  have  »eleot«d  the  fint  three  of  the  following  ones. 


.tiAi 


ll«.l«U 


K«.in, 


Ma-iea. 


Ka-IM- 


Riviua  iiunefl  chem  "  wind  holders"  and  "  fire  blowera."    He  »yt  ^7' 
wen.'  iinulu  in  vanoiu  shapes  and  of  dilfereni  materinU,  and  were  it*M 
•*  to  blow  the  fire  like  a  pair  of  bellowt ."     Some,  deeiuncd  for  other  \Kt- 
poB«»,  that  will  preseniiy  bo  meniioned,  were  made  ol  gold  (.-'      '     i 
richly  oraamontad.  as  represented  above.     At  s  Bobset^uent  j ' 
aixtfsenth  Cflniury,  Cardan  gave  a  figure  of  one.     (^se  Nu.  IS-l.)     iMuiU, 
Porta  nnd  other  old  writere  also  describe  ihom.     The  latter,  in  book  to. 
chap,  3,  of  his  Natural  Magir.  speaka  nf  ihem  an  oaed  in  housca  to  blow 
fires.     Sir  Hugh  Platte,  in  \fi9i,  published  a  figure  sail  dcacriptbin  nf 
"arouiide  ball   of  copper,   or   latton   [hraK<i]   thai  blows  the   fyre  Twit 
stronglic  by  the  aiu^nuation  of  tlie  water  into  ayrc," 

Bi«)iop  Wilkins,  in  hie  Mathnmaiicnl  Magic,  (publUhini  in  16IB)  aptafci 
of  eolipilea  ftj>  then  common.     Tbey   are   majle.  bo  ubeervL-a,   "of 
aiich  materiiJ  n.^  may  endure  tlie  tirti,  having  a  small  hutu,  at  wbcrj) 
are  filled  with  water,  and  nut  nf  whiRh  (when  the  vcskeU  arv  beaicd]^ 
air  doth  iuiie  forth  with  a  strong  and   Inabng  violence.     These  art 
tpifiUly  lacd  for  the  exciting  ana  contracting  of  heat  ui  the  mrl/ii 
ghutei  ar  metala.     They  may  aliio  he  contrived  to  be  aarvicenblu  lor 
dry  other  plea.mnt  uaen,  aa  for  >ite  movi..|;  of  wU  in  «  cbiraim^y, 
the  motion  nf  which  eoils  may  be  appli/^d  to  the  iumiii>!  of  a  «|    * 
like,"      (Book   li.  chap.   1.)      Kirrher   has   given    a    fieuri^   of  ac 
turning  a  joiol  of  meat,  (as  inAicaiei  V^  \W.  Hx&l^a^^  lu  tbc  firat 
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d>u  Stt/Htrranetu,  pi^^  SOS.)  W«  do  oot  remomlwr  to  liara 
figufe  of  ail  eolipite  atiplifiil  to  ihe  fusing  of  gliijs  or  n>et>l, 
ic  Aula  Sttiierrauea  ol  Lnxarus  Ercker»  {or  Erckern)  on  M»- 
iblwhed  it)  German,  in  167a,  and  which,  like  thai  of  ARriooU, 
tl  with  numoroiis  cuts.  The  suitor  wu  »u{X'rtntaniiem  of  the 
un^y.  Germany,  atul  the  Tyrol,  under  three  Bmpomn,  imd 
Mid  to  contain  every  thing  Deceasary  to  W  known  in  ihe 
metalt.  The  annexej  figure  is  wipieJ  from  ttc  fifth  edition, 
(willi  notes)  puMi»hc-rl  at  Frankfort  OD 
the  Mayn.  in  17^6.  It  U  named  JBint 
tupjemf  kngd  dantiH  nti*\rr  iat,  teird 
uie/ajhuT  gaeki,  imd  an  stall  Emet 
Utu-balgt  gebrttochl,  ami  is  repreaented 
aa  aoieldug  oopper  ort:  in  a  cupnlo  fui^ 
nace.  Erekers  has  figured  it  twior— 
at  Pa^  I  and  136. 

It  ]s  not  a  little  ainfptlar  thnt  thia 
mode  of  husrcosing  lh<^  intensity  of 
fires  by  a  jet  of  aleom  directed  inKi  the 
btimtn?  fuel  baa  rc^cently  been  patent- 
rd  both  in  thii  country  and  Europe, 
[t  does  twt  hourcrrr  appear  to  have 
answrrod  the  expcctaliona  formed  of 
it,  sinec  it  haa  never  come  into  general 
wsf,  nor  are  we  aware  that  it  it  at 
present  employed  at  all.  Two  obvi> 
ous  discrepancies  between  ancitiut  and 
ilieatioim  of  steam  for  »uch  purpoBes  may  here  be  noticed,  aiiice 
re  thiuk,  account  for  the  failure  of  the  tatter :  one  is  in  tjie 
w  fuel — the  other  in  the  lempcrnmre  of  ihe  l»last.  In  the  old 
steam,  having  but  a  very  minute  pusnge  through  which  lo 
I  raiaed  to  a  temperature  which  far  exctn^ded  that  which  ia 
\  ordinary  steam  engine  boilers — the  vapor  was  perfectly  in- 
its  escape  only  known  by  the  sound  of  the  blast,  and  tu  eflect 
But  in  late  experiments  the  current  ronNisted  of  steam  loaded 
■Qi  ■■  miM  of  aqueous  globules  poured  imo  the  fire,  instead  of 
and  glowing  attra  that  rushed  wiih  such  imperuoua  velocity 
M.  -  The  powerful  effect  of  the  latier  on  fires  of  wood  and 
tn(|ue«lioiiable,  but  the  reiults  of  stimlsr  blaxts  on  other  kindfl 
nneooa])has  not  yet  we  believe  bocnt  siifficirntly  ascertained. 
Terence  conoiBlea  in  the  dimensions  of  the  volumes  of  the 
one  from  the  eolipile  was  small  and  c^ompact— that  of  the 
and  dift'use,'  a  circumslance  thai  niiiy  >»C'tmnt  Ktill  ft:rthcr  for 
results;  for  it  should  be  r^menibiTed  that  in  HBitiir  an  eti|ipil« 
jet  of  steam  alone  that  is  im|iellcii  againrt  the  btiniing  fuel, 
le  of  atmnfipberic  air  is  set  in  motion  by  the  blast  and  rarrted 
along  with  it :  the  same  thing  inkes  place  in  usmg  a  cmitmon 
re  air  being  forced  agatfutt  th>r  fire  than  whai  issues  fnim  rhe 
heitce  as  the  veloriiy  of  the  jel  from  an  eolipile  was  much 
the  jet  itself  smaller  than  those  of  modern  applications  of 
»  same  purpose,  a  much  larger  proportion  of  air  was  also 
with  it.  U  is  prol  ible  that  on  particular  occasions  ihe  an- 
them with  oil  or  spintuous  liquor*  instead  of  water,  in  onlar 
more  rapid  comlnistion. 
of  increasing  thv  hnat  of  firva  by  water  is  verjT  old.     Plui^j 
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nys  dial  clmrcaftl  whicli  hat  been  weited  giwa  oat  mom  b«it  ili 
WDteb  is  olwayi  kepi  dry.     (Nat.  liisi.   B.  xxxiii,  cap.  6.)     Dr. 
sp<^ak6  ol'  "  water  cut  on  «e«  cooi"   leiuJenng  ilic  he«t    more  ttd 
(Truviilf.  Lull.  i09S.  p.  290.) 

II'  lliure  wu  nil  eviil«nce  thai  eolipiles  had  been  moqldwd  into 
ehnpvs  uf  moii,  animal*.  Sec.  we  mignc  have  c(iiM:iiide4  that  nuch  « 
(act  fnini  what  n  kno^m  of  ibu  practice  uf  the  ancients.      Wiiir;.' 
design,  action  or  movement  of  a  machine  or  implemi^ni  cor- 
all  with  thnseof  meOiit  wasaoreto  resemble  them  m  form,  it  *.-  ■> 
pnsMhly  admit  of  iu     The  ia«e  for  such  things  was  onivonnl  in 
times,  and  i»  to  a  certain  extent  indulged   in  all  times.     It  sipittiu 
rcol  in  savage  peuple;  hence  tlieir  grolesi^ue  and  monstroosiitaKjtrsof  i 
speaking  ii^ds  and  other  androidn  of  the  old  mechunica.     Thirn.'  IniJ 
fact  always  been  a  predominating  disposition  to  imuatc  the  Hiitiuui  fot 
and  in  accurdunce  with  it,  eolipilee  were  made  to  asaump  iho   Bgunu 
men,  hoys.  Jkc.  the  blast  c^^caping  from  the  eyes,  mouihi  or  nilttfr  pnit>*r 
tiie  figure.     Even  no  hue  *(,  the  fiRventeenth  nrminnf  we  nn»  told  ' ' 
remier  eolipiles  more  agreeoAif,  they  commonly  moke  ihein  in   it 
of  a  hi-»d.wirh  u  holt'  iii  the  month."    (Oiuuiam'ii  Mathtmatiuii  fi" 
aiatl  HarratioHS,  Kn^iliKh   translation,    l^ndon.    1708,   'tis.)     It   -.. 
deod  natami  that  tlifsc.  machines  should  be  mad<*  to  rr84>nii>iL>  ngunv  A 
Uie  god  from  whom  they  were  najned.     An  old  one  i«  de»cn[>ed  in  ik 
Rncycloprditi  of  Antirjuities  as  "  made  in  the   shape  of  a  short  Gu  am 
with  TciT  aiender  arms,  in  a  curious  wig.  rheck«  ffXiremely  suioflen.  ft 
kolfl  behind  fi^r  Hlling  it,  and  a  smidl  one  at  the  month  for  ih(>  blasL" 

Most  readers  are  aware  that  tenvrtt  by  which  lands  vrt^rv  held  in  da 
middle  ages  were  often  bftsed  on  the  most  trifling  and  ridiculous  coav- 
derniinna.  Camiipn  has  noticed  a  great  number  in  hi«  Brittannia,  aad  ia 
the  descriprinn  of  the  county  of  SurTolk.  there  is  one  which  scums  lohsn 
hail  rf^fereoce  to  the  employment  of  an  enlipilej  hut  whether  it  liad  atVK 
there  IB  in  l>r,  Plntt's  Hisrnry  of  Shropshire  an  aocoani  of  rmv  of  f)w^ 
"merry  tunums"  in  which  blowing  the  fire  with  an  eotipile  fomi- 
of  the  duty  n^quireil.  The  instrument  wa-i  of  the  hutoan  form  j' 
signatod,  like  many  other  domestic  atcmils,  by  the  Miihriqui^T 
"Jack  of  Hilton,  a  little  hollow  image  of  brass,  aboot  twelve  iuc 
with  h\s  right  hand  on  his  he«d  and  his  left  on  pcgo,"  liowt 
Hilion-hall  every  new  yenr's  day,  while  the  Lord  of  Essrngtan 
gonw  three  tirttes  mnnd  it,  before  it  is  to  be  roasted  and  eaten  by 
Lord  of  Hilton  or  his  deputy.  In  some  accounts  it  ia  slated  diaL 
itrtnge  blew  the  fire  while  tbi-  goose  was  roasting,  which  i«  mor» 
ble  than  ih^  olher.  The  cusloin  is  supposed  In  hhvc  ixMn  continc 
Hilton-bsll  from  tin:  tenth  or  eleventh  to  the  sevenlcentli  cenlury. 
image  is  considered  by  some  wrilrrs  a*  an  ancient  idol. 

From  the  at>ovc  use  of  eulipiles  it  will  be  perceived  that  tlierv  is  ■ 
similar  analogy  between  them  and  mnchi»e»  to  raise  war»rr  by  ateam,  •• 
between  pumps  and  bellows ;  every  device  ior  blowing  a  Itm  naviag  oefa 
used  In  rai«e  liciiitds. 

It  will  reudily  be  imagined  that  tbeae  blowing  imagr>il  nTfirpJ  too  OMitr 
advanbigcs  to  escape  being  prexsed  into  the  secret  r<  '  )m  tenttilM^ 

even  auppovlng  they  did  nui.  originate  in  them.    B^      '  ::  tbe 

with  dmoninl  I1uid«   ibi:    rt-sults   ruurd    be   vwried    flixurdlug  to 
•tanres,  and  if  an  inilammoble  li'^uid  was  pniploymj,  as  oil,  spirits  iif ' 
turpentine,  &c.  &c.  streams  and  flashes  of  fire  c<n]1d   be  made   u* 
from  anv  or  ev«ry  pari  uf  tbe  figaiw.     Enough  t»  known  to  coevittpcj 
that  sucn  things  were  often  done^     Notwithsliuidiog  oU  ibe  cv«  uf  I 
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Id  pnesu  to  MBOeal,  and  wbea  coDccAlment  wu  impraeticalile  to  dev 
toy  their  app»ratu»,  some  specimens  of  their  miu-Mmery  have  come  down. 
D  the  Ajieenth  or  e&rty  part  of  the  sixteenth  century,  nn  eolipilic  Idol  of 
le  ancient  Germftns  wiu  found  in  making  some  excavations,  and  is  w« 
elieve  still  extant.  A  figure  of  it  is  inserted  in  the.  seroud  vi>l»me  of 
lomJaucoD's  Anii<)iiitie*.  It  is  made  of  n  peculiar  Bpe<-ipa  of  Kroiize  and 
I  boiiveen  three  and  four  fret  in  height,  and  the  body  two  and  a  half  in 
lircumferenee.  Its  appearance  is  very  liTicomh.  It  la  withom  drapeiy, 
vith  one  knee  on  the  ground,  the  rif^t  hnnd  on  the  head,  and  ihe  lelt, 
rhtch  i&  hroken  off,  n«swd  upon  the  thigh.  The  cavity  for  l)io  liquid 
uilds  about  seven  gallons,  and  thcrti  aru  two  openings  for  the  escape  of 
be  vapor,  one  at  ihe  mouth  and  iho  ulbor  in  the  forcheRd.  These 
ipeninga  were  stopped  with  plugs  of  wood,  and  the  prieaw  had  aecrei 
Deans  of  applying  the  fire.  It  appears  from  Wobcr  and  other  CJerman 
Irriters  on  ihe  xiihject  that  this  idol  was  made  bo  exprcit*  various  paasinns 
Bf  iho  deity  it  represenied,  with  a  view  to  extort  offerings  and  sscrifi- 
Bca  Irom  the  deluded  worshippers:  and  that  the  liquid  waa  inHammahle. 
When  thn  dcinandE  oi'lhe  pn«BL*  wltc  not  complied  with,  the  ire  of  the  god 
ira«  L'xprcsat'd  by  sweat  (steam)  uuzing  from  oil  pans  of  hiu  hndy ;  and 
flhe  people  still  rvmiined  obdurate,  his  fury  bociLtnn  terrible  :  murmurs, 
bellowingr,  and  even  thundvrljulcs  (thu  wooden  plugs)  bursi  from  him; 
liuhus  or  streunia  of  fire  rushed  from  his  mouth  and  head,  and  presently 
~  waa  enveloped  in  clouds  uf  smoke;  when  the  people,  hnrnir  stricken, 
iBied  to  comply  with  ihi-  requisitions.  It  is  %-ery  evident  friim  thfi 
nu  tliat  the  priests  hud  the  means  of  rapidly  increasing  or  diminish- 
_  the  inieii-fity  of  tiie  fire,  as  die  diepo»itiun  of  ihu  worsliippers  roc|uir»d 
le  idol  to  express  a|iprob«tion  or  displeasure.  It  funber  appears  thut  the 
nks  in  the  middle  ages  made  use  of  this  idol,  and  found  it  not  the  least 
'ectual  of  thoir  wonder-working  machines.  It  was  in  fact  in  this  man- 
r  chiefly  that  the  groat  body  ol  ecclesiastics  then  maintained  their  in* 
e  over  the  mnlticndc.  The  very  same  dc^nccs  which  their  prede- 
had  found  effectual  in  the  temples  of  Osiris,  Ceres,  and  Bacchus, 
repented ;  and  such  images  of  the  heathen  gods  and  goddesses  aa 
d  destruction  were  converted  into  those  of  ChniHan  saintu, 
ing  repaired  were  made  lo  perform  the  same  miracles  which  t}iey 
done  bciorc  in  pagan  Greece  and  Ilomc.  Monks,  as  we  hove  before 
ifved,  were  then  the  most  expert  mecbnnic-ians,  and  some  of  iheir 
elaborate  productions  were  imiiation«  of  ancient  ondroidii — and 
le  speaking  heads  of  Bacon,  Robert  of  Lincoln,  Gerbcrt  and  AlKerliu, 
ere  con»idercd  proofs  of  an  intercourse  subfdsling  between  their  owners 
into,  as  much  so  as  in  the  cases  of  Orpheus  and  Odin,  and  other 
lans  of  old. 
name  of  the  German  idol  is  written  differently  :  Puster.  Fluster, 
iostericb,  Buestard,  Busterich,  arc  all  names  given  to  it  and  the  deity  it 
[presents.  The  namo  is  said  to  be  derived  from  the  Saxon  verb  /nufen, 
oiow — or  putttr,  a  bellows  :  this  shows  m  connection  with  the  eoliplle 
a  "fire  blower;  and  it  is  probable  that  from  these  oolipilie  idols  the 
rm -€o/m!(,  "a  pretender  to  inspiration,"  is  derived.  (See  Dictionary 
revoux.  Art.  Puster.)  This  ancient  steam  idol  was,  A.  D,  1546,  nlnced 
safe  keeping  in  the  fortress  of  Sunderkauscn,  where  it  remained  dur- 
the  last  remury.  ^ 

nw  aingnlar  that  steam  shuuld  have  been  among  the  motive  agents 
the  meat  ancient  idoU  of  Egypt  (as  the  Statue  of  Memnon  and  others) 
and  in  some  of  the  deified  images  of  Europe  !  That  it  should  formerly 
bare  been  employed  with  tremendous  cffeci  to  de\ude  maw,  \u\o(^  'C&am, 
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in  wnonine  i  wfaila  it  now  coniiibuiM  ao  lar^jr  lo  eoligbica  antl ; 
mttkiod.     TliL'tM.-  iii:juuic«s  uf  eaHv  uppliranoiis  of  stvnm  in&kr  tu  i 
tliu  dotailuil  JuKnptiuiif  of  tlio  viltuhu  appiirutiia  liavf  u'Jt  tx-^.-ti  vrr** 
Many  luguaiuiu  device*  were  evideat]^  einukijred,  and  u 
dcmn  liitf  comrivera  of  bdcIi  us  were  uivd  lor  purpusus  '  <e, 

cviaui  bui  admire  the  iiigeiiuit^r  whioli  eveu  iltete  moo  dupU^'d.  ia  cv 
liibitiiig  before  a  barbaroiu  people  their  gods  in  tha  rauai  inpusuit'  na-' 
ner  and  with  sach  terrifio  elfect — in  maktti^  idulo  expreaa  liy  on 
ueam  B]iprDbauoii  and  anger  wiib  the  voice  of  thuadur  or  the  u,^.^ 
of  dragons,  and  caosing  them  to  appear  and  duappe«r  in  elowia  of  laukB 
and  abeeift  of  flarae. 

It  is  probable  from  the  antiquity  of  these  idoU  and  of  colipilM  [hM 
allosions  to  both  might  be  Ibund  in  the  Bible.  M«v  not  iuch  expraaiuM 
OS  "  the  blast  of  his  mouth/'  "the  blast  of  the  terrible  ones,"  "  tbv  hhn 
of  bis  oostnU,"  Ate.  have  reference  to  enlipiles  or  steuni  iduU  of  oMI 
"  Their  mohen  images  [sti^s  IsaiahJ  are  wind  and  coiifiuion."  HcpiU- 
blj  receiving  a  traveler  into  the  boiue  dnring  a  storm,  and  protedtinf 
him  from  the  incuuvcnient  heat  of  the  lire  when  ur^red  hy  an  eoiiptle,  Magr 
be  alluded  to  by  ihe  same  prophet  in  the  foUowine  paisa^  :  "  Tbaa  has 
been  a  strvngth  to  the  uoor,  a  sircnjith  to  the  ncodr  in  his  diatresa,  a  i*> 
fitge  from  the  storm,  a  aim  Jow  from  ihu  be»t  when  the  blast  of  the  tonibie 
tmea  ia  as  a  sLorm  againei  tJic  wnliis."  The  expression  '  temblc  oui,* 
probably  referring  to  the  kitleotu/oTou  into  vhioh  we  hare  alrradv  Msa 
tho60  blowing  inslrumt'iits  were  moulded,  £olu«  the  god  of  wimn  wtl 
represented  "  with  awoln  cheeks,  like  one  who  with  main  fbrco  blvaa 
■  blast,  with  wines  on  his  shoulders  and  a  tiory  countenance.**  Idob 
were  always  maje  of  a  terrific  form,  and  are  to  tttade  by  barbaniui  piv 
pte  al  thv  prc'seut  day.  When  God  is  peramuficd  a*  hlommg  tm  litjn, 
IS  thon.-  not  an  allusion  to  ihose  inatrumonti  t 

Kusebius,  in  the  third  book  of  faia  life  of  Conslantinr.  aaya  cbu  vhm 
images  were  subvened,  amnog  otli<-r  things  ibuud  in  sume  uf  them  vrm 
"  small  faggots  of  mickii"— peHiapa  the  ntmaioa  of  fuel  employed  te  nim 
steam  in  tnotn.* 

From  the  observation  of  ono  of  the  early  trBvek!ra  into  the  Balk  it 
aeema  tliat  colipilea  were  employed  even  in  war  and  with  great  eftO- 
Carpiui,  iu  tlie  account  of  his  travels.  A.  D.  1286,  describes  a  apedei  «f 
eoLipile  of  the  human  form,  and  apparently  ehargwl  with  an  innanmaUi 
liquid,  as  having  been  u»ed  in  a  battle  between  the  Mungvls  and  iha 
troops  of  Proster  John.     The  latter,  he  saya,  caused  a  number  of  hallow 
figures  to  be  made  of  copper,  which  resembled  men,  and  being  ehargei 
with  some  combustible  luoltance.  "  were  set  upon  horaea.  vAch  havt&g  a 
man  behind  on  the  horse  with  a  pair  of  bellows,  to  abr  up  the  nrt. 
When  approaching  to  give  battle,  these  mountod  images  were  first  sau 
forward  against  the  enemy,  and  the  men  who  rode  behind  s^jt  fire  by  kuu 
means  to  the  combusiibles.  and  blew  strongly  with  their  bellows ;  «nd  dtf 
Mongal  men  and  horsen  were  burnt  with  wild  fire  and  the  air  was  datk* 
ened  with  smnke."*'     Supposing  tbeac  eollpilea  to  have  bora 
with  nli^nhnl  or  Rpirii  nf  wine,  they  must  have  bcpn  (oa  wo  am  thl     _ 
of  terrible  effi^rt,  since,  lu  modem  experimenu  show,  a  jet  of  flame! 
each  mi^l  have  extended  to  a  distance  of  twenty-five  or  thirty  foet. 

Besideablowingdirectly  uponoragiUnst  a  fire,  eolipilo4  w^re  amploti 
to  McrasM  the  dr^  of  chimneys,  for  which  purpose  the  jet  roae  p< 
dicolarly  from  the  centre  of  the  dome,  as  in  No,  181.    Otto  or  two  \ 
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kig  on  the  hearUi  and  liesteij  by  die  fire,  close  to  which  they  were  pIuctHl, 
h»  *appr  rushed  throiigli  iho  orifice  and  drove  ihe  smoke  liefore  il ;  aitd 
t  the  »ftme  tinie  indoced  a  current  of  atmoftptieric  air  to  follow  in  die 
nrtie  direction.  Sometimes  thofie  designed  for  liiiH  purpose  hud  r  handle 
T  bail  to  saspend  them  over  die  fire,  as  No.  18^.  As  ««verml  sncieut 
Jomeiitic  customs  still  prevail  iti  Italy,  and  nomeroos  Cultoary  and  odier 
iplemcDts  found  iu  Hi-rcutaoeam  and  Pompeii  are  similar  lo  those  now 
BMHJ,  it  might  be  supposed  thai  some  relics  of  eolipilvs  and  iheir  uses 
ould  bt?  still  met  wilh  iti  that  country.  The  suppoeition  has  been  veri- 
Bod  ;  for  we  are  informed  (bat  these  instruments  are,  or  were  in  the 
•*vcniee«iii  century,  "  commonly  made  use  of  in  Italy  to  cure  smoaky 
Bhimnevs,  for  iwirig  hang  over  the  lire,  the  blast  arising  fi^im  tbera  carries 
p  dje  loitrring  i<mok.w  along  widi  il"— aud  a|^uiii,  "  an  colipilo  has  been 
■onu^mni's  placed  in  a  chimney  where  it  can  be  heated,  ihe  vapor  of  which 
iervrts  10  driv*  ihe  smoke  up  the  eliiraney."  This  application  of  steam, 
will  U'  p«rcRived,  is  similar  to  diot  lately  adopted  to  increase  the  drait 
if  cliiiunoys  of  lucomotivo  carria^s. 
itiviu*  foenbon*  another  oee  of  eulipiles.  He  eaya  some  were  made 
of  gold,  nlver  and  Mhcr  costly  meiaJs,  aud  were  filled  with  scented 
Iu  cuuK  ti  pleumnt  leinpenttun:,  to  refresh  the  ipirii  and  n.-joicB 
heart,  not  only  of  the  healdiy  but  aJ«o  of  die  tick."  lie  obM.>rvc8 
dtey  were  used  for  these jiurposes  in  the  balls  and  clianilwrs  ^>f  ibe 
^rcaldiy.  lUienanus,  an  old  German  writer,  who  died  in  1547,  cnumora- 
tinfi  die  treiistires  l>elitntfi»g  to  itie  nncieiii  church  at  Meniz,  mentions 
FoLipilew  in  the  form  of"  silver  crane*,  in  the  belly  of  which  was  put  fire" 
knd  which  gnve  oQt  "  a  sweete  s.ivour  of  |)erfiiraeo  by  the  njteii  l>eake," 
}ei»ecit  has  observed  that  perfumes  were  sooielimes  disseiniiialed  iu  ihu 
Uuphidieairea,  by  being  mixed  widi  boiling  water.  BO  dial  lie  odur  row 
itid  was  diiTiisod  by  the  titeam.  We  learn  iroin  Shakespeare  thai  perfum* 
m^  nwms  was  common  in  his  time,  the  neglect  of  cleanliness  rendering 
Wch  operaiionB  necesaary.  it  is  probable  lliat  he  refers  to  the  eame  pro- 
KS8  as  that  meniioned  hy  Riviug.  ■'  Being  entertairied  for  a  perfumer, 
ha  I  wB*  smoking  a  room."  "  Mm-k  adn  aboni  yoiAing."  Aft  1,  State  3. 
Koiipiii."(  were  also  employed  to  prodnce  mudic.  By  adapting  trum- 
pets.  flme*.  clarionets,  and  other  wind  instrnmeiitj  to  the  neck  or  orijice 
«f  rtri",  tlit^y  wrrv  sounded  as  by  currents  of  air.  This  application  of 
■  i^  probably  copval    with   their    invention,     Il  is   indeed   only  a 

>  'il  the  supposed  muaical   appnraius   of  the   Memnonian  Statue, 

1  ol"  die  devicf-'s  desi.-nbed  by  Heron.     All  the  old  writers  on  eoltpilec 
'mention  it.     Fiudd  figures  a  variety  of  insimmenrs  iotindcd  by  current* 
f  mwMn :  and  Rivius,  after  noticing  the  oae  of  eulipilcs  lor  blowing  firea 
nd  tiimigaiing  rooms.  obM-rves  "they  are  also  matlc   to  produce   music, 
Ihtf  •iteitm  pHAsiug  through  reeds  or  organ  pipes,  so  as  to  cause  astonish- 
nc  m  those  who  have  no  idea  of  such  wonderful  operaiions."     Gerlwn 
pplied  eoiipiles  in  place  of  heltowa  tu  sound  au  organ  at  Kbeims  in  the 
ceiiiury;  aud  the  inslrumunt  according  to  William  of  Mahnsbuiy 
Ktam  two  hundred  years  afterwards.     ^I>urnig  the  middle  ages, 
Drehmvn  were  the  only   organ   makers;  and   even   so  late  as  the 
Ti  century,  they  retained  the  manufacture  chiefly  in  their  own 
in  the  houeehnld  Itook  of  (lenry  VIII.  mention  i;  made  of  two 
tfiA  nf  ten  pounds  each  to  John,  or  "  Sir  John,   the  organ  maker," 
whom  thf  editor  eays.  '  it  is  almost  certain  thiit  he  was  a  pneei,'} 
Tlw:  preiM^iliiit'  tHrtice  of  eolipdei(  is  dufi  to  them  as  die  true   germ  of 
lem  steem  enpinea,  for  such  ihuy  were,  whether  the  latter  be  consider- 
for  rmtnitg  water  only,  nr  as  machinca  Ui  mow  tAVcrth  ^  a 
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have  a»on  that  the  oldest  appaniua  movod  b>  iteun,  of  wlw^  tlien '_ 
UIT  account,  waa  an  f^liniic  jitutptindail  ou  it*  axM,  ni  oiiw?  Ivrfh  h^^ 
and  engine,  (No.  180)  «ti(i  we  shall  find   ibm   die   firw   •tuerojits  lo 
walpr  bv  tite  aaroe  tlmd  wore  intuit-  with  Ute  »aine  iiiatruiucriKA.     Id 
all  the  >'ttrly  expcrimcnu  on  eitesm  were  mode  with  eolipite*.  utd  aB 
first  et<;ua  macmncs  were  nothing  else. 


CHAPTER    IV. 


bplifMMI  oT  MMB  ia  Iptaim  ll»w  C1«lw  nT  nrioat  pMpI*  to  th*  «•«■  —flit  Ipffi 
*f  Mnmu  ■  aMUi«  M'"*'P«ro*"*^fcl'  ftoiw*  lUoo»-^l«f  nodMB  unktlaM  aMd  4MiMf  «««■  ka^ 
u  km— Apuutili  nuiuu-aihii)  M  IM3— CHBctol  ilDCBBWim  rahUaf  to  ii~lt«MMLi  im  ihain  ilii*i|MtT  rf 
padJI>-*b<eli  u  |iMi>el]tj>— l>roJ««(  of  th«  aMkat  tar  pMtMllttV  trMMk— ti|MnMwu  •■  mm 
la  nvN'Mxiili  •'■'BlaiJ' — Jxuuia  L'«nU»— Varnam  Ibnaad  hf  Ika  BaodaoAUMM  of  Mast«,lDava  biM 
Akhyawrta—CifH "•<■■!*  b««  riuiM— Olban  fhM  Poru— CipuHi**  IWta  of  ilpaa  UlMinifil  tf  «■ 
MiUiur^-lBiin*ih>l  *iample  of  nUiaf  vMBi  bf  iiaM  IVwa  Fona— llBUmiui,  CaMw  mU  Ba^^ 
|>*nc«(bt  nitein(ha(w«Mf  fniM[>M«i*— iBMBiiKMi  odJMMaMaBagtnacUiaitd  by  ArMoftMrru*- 
KolUaf  ■«■  Ib  Ibr  •fiparmlB*  nf  Dmmiii  iHit  Ui  Ik*  |Mlwlpls  of  Id  ofMralioB— Ulol  frmy^wj^^- 

BeHm  *iUi  utalw  «p<mi  EoHpilw— OhMnwi— » em  Pmm*— Wnnait  of  fwtb-CUMM  il  kif 
la  bdwir  of  Dmmh  ntooabU-JwlMMm  of  hc«  nlar  nlM4  br  i*i>»  n  t^  <vt<>— MuaflKnM  «f  a«- 
Duuovmr  bC  MUm— AbcMSI  Map  Diat«r»— Oubii  «•!«  la  PompMl— IU»tp«Uil>MW  of  ndnt  i 

IdOM  of  UKtaiii  STUiO|a— Larfa  taau  mnc'nally  ajqwoAcrf  mi  iw|i     IjOflr  of  Oaar. 


It  win  li&vK  been  pffrctnved  fmm  the   pr^cading  cbapirr  that 
for  blowing  firea  imi)  fi»r  otlit^r  purjxKieji  were  I'oniirrlj  con 
queDtl^'  lliiU  jntunltt  wvrv  f^mttwr  with  thr  gKiu^atiiiii  u^ 
high  Hluain  Umi,  lutig  In'triro  iimilt-rii  Hliram  cngiiu^v  went  kiN^wn.     LH 
appiicatitiiiv  of  this  tluid  to  product*  inolion  C    niiiu!    Imu)d«,    dlifine 
loos  period  thtu  inCiervKiiml  hetwe«ii  tiie-  lini*^  nf  Htiran  and  th«  iuim 
tion  of  printing  iiilu  Europe,  Kcarcnl^  any  tiling  i»  known ;  yvt  Hivtm  —^ 
be  DO  doubt  tliat  it  waa  occaainnallv  uami  to  il  limiled  exl^nc  for  one  p«r> 
pow  or  thu  other,  and  purhapt  for  both. 

As  iJiu  origin  and  eorJ^  progruw  of  ihc  uteara  rugine  are  nwt*ciMri1y  aD> 
aocicd  with  this  part  of  our  subject,  the  iivquisiljve  road(*r  will  not  objoct 
lo  dwell  a  liitk-  upon  ii,  ulthough  ootoc  purtt  of  the  Uei«ij  do  tioc  nhl» 
directly  to  the  olevatkm  of  li({uidft. 

From  the  important  and  increasing  iiiflucrrae  of  tW  Kvam  «*tHftti»  oa 
hiuoan  idfairs,  •  C4ii>tn>ver»y  but  ari»cn  between  w< 
tioR*  reapecling  tbe  ulaitcu  of  ibcir  country luun  to  ii.^ 
aeriiDoiuoas  feelings  htivu   buvn   di9l>lay<.>d.     Tliia  ia   to   in  rauretied 
fouering  prejudices  uid  paasiuns  wliieb  it  is  tlit'  province  iif  philiMopli 
to  eradicate— nuL  tn  chensb.     National  vaiinlio^  may  form  HrtielM 
the  creed,  a*  tbey  are  made  tn  contribute  to  the  captta]  of  poli| 
but  ahonlJ  find  no  pluce  in  that  of  a  savan.     Pbiloaopby,  likf*  Cht 
conttrmpUtett  ttunkmd  as  one  family,  aiid  ronngniz'--  '  ">  '" 
ing.     Nfith«r  st-i«ncc  nor  ib«  ana  arc  confiniv)  by  '■ 
nor  are  thu  ycintillatiuns  of  gcniu*  tn  be  n)oa>iired  Kj.    ■ 
equator.     As  in  the  republic  of  leuera,  an  in  thai  of  ici^ 
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nphiflttl  dUuucuoos  respecting  the  abode  of  tu  cicixonB  ihouM  he 
nown. 

A  (aw  snttlcrful  relics  of  ingGnioua  men  wlin  Rounchi^d  in  thp  dnrk 
US  are  etili  exiant.  which  serve  la  cnnvince  us  rhal  espi*rimentiil  re- 
«  uf  eouie  of  ihe  monks  anil  other  ardent  iiiijuirara  aner  knowledge 
.■1)006  timi'B  wern  more  pxrensive,  and  RvincRtl  a  more  thorough  ec- 
itance  with  thn  principloa  of  natumi  philosophy,  than  is  goncrally 
ifted.  The  followmp  remarks  of  liogtr  Baron  are  an  inaianrn.  Fr<im 
hem  wc  may  safely  tnler  that  he  was  aware  of  the  elastic  force  nf  tieam 
nd  ita  sppltcabilitv  lo  propel  Teswds  on  water  and  carria^s  on  laiid. 
That  be  was  ac<|uainted  witn  jj^unpowder  ia  generally  admitted,  and  it 
irr)uld»e<-ra  that  neither  diving  bells  nor  suspension  bndgea  eacaned  him: 
'  Men  may  cnnairuci  for  this  wants  of  navigBtton  such  machines  lliat 
dbe  greaiust  veflsels,  dtnictod  by  a  single  man,  ^all  cut  through  the  river* 
Uid  si'os  with  more  rapidity  Uian  if  ihey  were  propelled  by  rowers; 
ibiuiote  may  be  constructed  which,  without  horses,  shall  run  with  immea- 
Rinble  speed.  Men  may  conceive  machtikea  whrch  could  hear  tlio  div«*r, 
prithmit  danger,  to  the  depth  of  the  waters.  Men  could  invent  a  multi- 
Side  of  other  engines  and  useful  instnimeiils,  such  as  hridgea  that  shall 
Ipan  the  broadest  rivers  withoiii  any  intermediate  support.  Art  has  its 
Biandcrs  more  terrihle  than  those  of  heaven.  A  small  quonriiy  of  ra&iur 
broduces  a  horribli-  cxplosioti,  aecompanied  l>v  a  bright  light ;  and  this 
nav  be  repeated  so  as  to  destroy  a  city  or  entire  battalions." 

mron  wns  not  a  tnan  to  sjtook  or  write  in  this  manner  at  random.  His 
zprriranUa  led  him  to  the  conclusions  he  has  thus  recorded,  for  he  was 
ly  Ru*  the  most  talented  and  inJcfutigahlc  experimental  philosopher  of 
Its  age.  His  discoveries  however  were  not  understood,  or  their  impor- 
ance  not  appreciated,  for  he  was  imprisoned  ten  years  as  a  practiser  of 
nagic.  &v.  There  is  a  remark  in  his  treatixe  "  nn  the  secret  works  of 
rtond  nature,"  that  is  too  vnliiahle  to  lie  omitted :  he  tays  a  |>ersoti  who 
Wily  ar^piainied  with  ihr  manner  that  Mature  olw^nex  in  hfr  opera- 
tan  not  only  rivul  but  surpass  her.  "That  ht*  was  acquainicd  with 
rartfufiifin  of  air,  and  the  «trii«ture  of  the  air  ptmtp,  is  past  contradic- 
in."  He  was  (say*  Pr,  Friend)  the  mirncle  of  the  times  ho  lived  in, 
,llie  gTP»tc*l  genius  perhaps  for  mechankal  knowledge  which  ever 
,red  in  the  world  siiire  Archirneijr<.  The  rnmera  ohscura  and 
Ipqcop^  were  known  to  him.  and  he  has  dftscrriied  the  ntode  of  making 
ending  ^liutM'ii.  Moil  of  ihr  apenitt<iiiH  now  used  in  chetnistry  are 
laid  tn  Ih^  di-Herihed  nr  rni-ntiontrd  liy  him.  A  dn.tcnption  of  his  lahorato- 
ly  anrl  of  lh>^  cxpi^rimenu  he  made,  with  a  tiketch  of  the  various  apparsr 
lus  employed,  would  have  been  mfiiiitely  more  i-aluahlo  than  all  the 
Mumfwi  on  MclKilaslic  divinity  thai  were  ever  written. 

In  lAKl,  a  naval  ofBcer  under  Charles  V.  is  said  to  have  propelled  a 
liip  ot  two  huiulred  tons,  by  .ileam,  in  the  harbor  of  Barcelona.  No 
leAoonr  of  hi*  machinery  ia  extant,  except  that  he  had  a  large  copper 
N>iler,  and  tliat  paddle  wheels  were  suspended  over  the  sides  of  the 
^isel.  Like  mJI  old  inventors  he  refused  to  explain  the  mechanism,  Tho 
ing  ttcrount  was  furnislietl  for  publication  hy  the  superintendent  of 
nish  myal  arrhives.  "  lHaura  Jr  Garatf,  a  csntiiin  in  the  navy, 
d  in  1543,  to  tlie  Emi)f*ror  an>l  King,  Charles  the  Fifth,  a  machine 
p|  large  bi>ata  and  vhipo,  ev*<n  in  calm  vveaihcr,  without  oars  or 
a.  In  ^ititi'  i.f  i)ie  im|H?dtiiH'nis  and  the  opposiiinn  which  this  project 
I  with,  llic  Kioperor  ordered  a  trial  to  be  made  of  it  in  the  port  of 
rt-'eJittm,  which  in  fact  took  pUce  on  (he  17fh  of  the  mondi  of  June, 
tl:f  I.II.I  t.-vir  )&43.     tiany  wonM  not  i-xplain  the  ipiiTtkcttW%  q!!  Va 
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diKovery  :  it  watcvideDthowcT^r  dQnngilieexpvnitteaitliaiii  boniuU'l 
in  B  Urgp  cop|)i;r  ot"  lioUing  water,  luid  in  moviiig  wboi'ls 
either  sidf  nf  tlm  ithip.     Tlio  cxpRrimeikt  wm  triod  on  a  ship 
dred  wiw.  callwl  ihn  Trinity,  whwli  came  from   CoUbro   to    ■- 
cargo  of  com  at  Bwcclonii.  of  which  Peier  de  Scarzo,  w«»  c- 
order  of  Chtrlet  V,  Don  Ht-nry  de  Toledo  tlie  govfrnor,  U" 
OordovK,  tlic  injasurcr  RavuKn.  and  the  vice  clMJicellor,  and   u.  ■ 
of  CuAloiitA  wtluosMrd  ihc  experiment.     In  tlte  rcporta  inadio  to  i^ 
peror  and  to  the  prince,  this  ingenious  invenuon  was  pctn 
particularly  on  Hceoiinl  of  the  promptneaa   and   tacihiy   ■ 
ship  WAH  inade  Eo  go  ahout.     The  treasurer  Ravbgo,  a.u  t.u 
iirty«'ct,»iiifl  lliui  iho  vu»m:I  oiuld  be  propftUed  two  laagiifain  0/ 
tbut  thf  iimchitic  was  complicated  and  expensive — and  tltat  i' 
])*>  un  oxptiaure  to  danger  in  caie  the  lK>)ler  should   hunt* 
commiKMoitem  itfRmiL'd  thai  the  vetad  tadu'd  with  the  aiun« 
a  guJIey  maiiit'tivrt-d  in  the  ordinary  way.  and  went  at  leaai  a 
hour.     Ae  KooR  as  (He  experiment  wiu»  made  Goraj"  look  tho   whole  w^ 
ehioc  wiih  which  ho  had  lurnishi^d  the  ve*»cl,  leavmg  only  »he  wowIm 
part  in  the  mrseiioJ  at  Barci;loti».  and  ki>efM»g  all  the  nm  for  hinuel£    I> 
8piie  of  Rnvmio'n  npixisition,  the  ii»v«ntion  was  approved,  and  if  tba 
oxpediiion  in  which  Charlv»  ihir  Vtli  wa.'t  then  cneatfco  bad  not  provonttd. 
he  w-oiild  im  dotibt  havn  nnoourafrvd  il.     Nevcrtnclc*B,  the  emp«or  wo- 
moli'd   the    iiiviintor  oou   grade,  tnad«  him  a  present  of  two  haniiied 
chousund  mantvedi*.  and  ord<?nfd  the  expeiae  to  he  paid  nut  of  the  tna- 
sury.  and  graniod  him  bt:iidt:»  many  other  favors." 

■■  Thin  account  ix  derived  from  tho  documwni*  and  oninnal  rtgiitefi 
k«pt  in  (ho  Royal  Archives  of  Simuncas,  among  thi*  ooinini'rrial  pafM* 
of  Cauhinia.  and  fmni  thoae  of  ihc  miLttary  and  nnval  depanmcnu  &r 
the  Haiti  year,  1543.  TuoHtii  GiiNULKCj 

"  Simiiuca*.  August  27,  1S2-V 

From  thi»  account  ii  has  been  infcmhj  tliat  »tfat»  vniieti  wore  infr 
in  Spain,  being  only  revived  in  modem  utni-o  ;  ai"J  tlini  Bliunt  dp  til 
should  be  reg'ardeil  as  the  invent'>r  of  the  first  »lejtm  rnginr.     A*  lop^j 
the  authenticity  of  ilie  document  ia  admiiti>d  and  no  L-arIi«r  eji| 
ndduci-d,  i(  \»  difficult  to  [lerceive  how  aach  n  conclualon  can  bo  i 
at  leaat  so  far  as  uttnin  ratfls  are  concerned.     It  may  appear  eingl 
thU  specimen  of  mechantcul  skill  should  have  bci'o  matured  in  UtI 
try;  out  ut  tht>  timn  rcfem^d  to,  Spiiin  wu.i  probably  the  moat   pr 
seen*'  for  ihr  display  '>f  nuch  ripcrutinndi.     Rvery  ooe  Itnows  lliat 
CL'ntury  bcforo,  Ctdimibun  could  Am)  n  [wtron  no  where  clac.     Tim 
low  which  Charkm  Kus^ninl;d  in  liiii  dret  In-fore  iXlj^f-rs  the  previou/d 
must  havn  conviiic*-*!  him  nf  the  value  of  an  invention   hv   whie 
could  l>e  iiropelled  without  oara  or  sails  ;   uitd  thcro  is  nothipg  ir 
in  »up{K»(mg  tlw  loM  on  that  occaaion  (tiftecn  ships  of  war  and   o| 
drt^  and  fuhv   trausf>ortji,   in   which   eight  thousand   men   perish 
ChiiHra  himsrrif  niu-rnwly  escaped)  was  one  [irinnpal  rcoxon  for  Ca(iU!& 
Ganiy  to  bring  forwurd  hi«  pro|t<c1.     M.  Arago,  whoadvocatca  with 
euliar  (iloquonce  and  mral  the  claims  of  DecauN  ind   Papin,  am  larmn 
of  thv  stfum  cn^UQ.  thinks  tho  document  shouhl  be  s»(  osH*  ti>r  lh« 
lowing  ruasontt ;   iM.   Bncause  it  wi»  not  j^ntvd  in   1543.     Zti.  It  di 
not  ■uJTRcii.'niJy  prove  that  aii>(im  was  (ho  motive  ai^"' '      "^ '    "  * 
Garay  really  did  umploy  a  vii>iiin  iingiixr,  it  was  "  tv  ■ 
tittcv     ihf  ruiVltii)*   i^dipilr'   of  llrmn.    and    tlturvfoo'    r.. 
at  tberv  nrmt  wit  app»«r   m>u-.h   Vi>tc»«   in  vh«M  roMnut. 
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wrves,  "manuscript  docanicnCB  cannot  have  any  valua  with  the  public, 
btwauw.  (Tfnerally,  it  htts  no  iO0«Us  whuuivur  of  veriryine  tlu;  dale  rj- 
•)l:  I'tn."     To«  lituitcd  c:fUMit  this  maji'  bv  ti'inimcJ.     Respecting 

I'l  ■  *.  it  m»y  hv  Inip;  but  surely  i^kial  and  DatioiuU  records  Hke 

U)o4t-  rvti-'ircd  tti  liy  tho  Spiiiiieh  fccratory  should  b«i  excepted.  Wo 
havK  iti  the  ct^lrTh  r-htuvr  ol  our  Third  Bouk  quoted  largely  irnm  otficial 
MS.  d'lctiiit  !■>  thin  riiy.  (New-Yorlt :)  now  those  nre  pro- 

servftl  ill  1  I  i-i  inay  b<*  fxainiiiud  to  venly  our  I'xiraeis  ba 

Wvll  af  [h*;ir  own  suUMiitictty  :  and  ibv  f^paniah  ntcoras  we  preiame  are 
equally  ac<re:idiblu,  mid  tliuir  authenticity  may  he  equally  eeublisJieJ.  The 
men;  printing  i>r  both  could  itdd  nothing  lo  llicir  credibility,  although  it 
would  alTord  u>  the  public  grcalur  Jacilitica  of  Judging  of  their  claims  to  it. 
So  fur  Trom  ngecting  such  «iurces  of  itiformatino  rcBfM.-ci.int;  the  ana  of 
former  times,  wr  slioulJ  have  auppneed  ihpy  wore  unexcr-ptioiiuble. 

But  ii  u  soid—ulthou^K  n  boiltir  '\*  mcntionud,  thai  is  not  butlicient  proof 
that  ttfam  won  t)Mt  imi>ellin<^  ngent,  Aincc  then;  ure  various  machines  in 
which  fire  i<  vif^A  under  a  I'^^iU-r,  without  that  fluid  havinf;  any  thin^  to 
do  with  th**  oporntions  :  Well,  but  the  account  slates  that  which  really 
■ppeiirt  conclusive  on  this  point,  vix,  that  this  vessel  contained  "  iMtling 
waifi"  and  thiit  R.iviigo  the  treasurer,  npptiged  the  scheme  on  the  ground 
that  there  M-nuI<l  lie  iin  exposure  to  danger  "in  ease  l]ie  boiler  »houU 
bursti."  A-i  this  ilanc'-'r  could  not  arise  from  the  liquid  contents  mei-oly, 
hut  fnim  lh«"  itrcumuliition  of  steiim,  (the  irresinihie  force  of  which  wa«, 
ail  hu  been  oliser^-ed.  welt  known  firom  the  employment  of  colipiles)  It  is 
obviouj  eumigh  ihit  ihi«  fluid  performed  an  essential  part  in  the  o{>era- 
tiotj — in  other  word*  was  the  source  of  the  motive  power.  Had  it  not 
been  nfciMwry.  Gnray  would  never  have  fiimished  tn  it  such  a  plausible 
pn;t«xt  for  iiptMHilii)n  to  \i\*  projecL  It  hu  been  also  said  "if  wo  wera 
to  admit  that  tne  machine  of  Qaray  was  ftet  in  motion  by  «te«m,  it  would 
not  neccimrily  follow  thitt  the  invention  [steam  cngitvc]  was  new,  and 
that  it  bore  any  reMinblanrc  (o  thow;  of  our  day."  True,  but  it  would 
at  leajsl  fnlkiw  that  Garay  should  he  considered  the  father  of  «/<yim  noPi- 
^d/nm,  unlit  »ome  earlier  and  aeluaJ  exjierimcnt  i* produced.  Arago  further 
thinks,  that  if  0»niy  uspH  steam  nl  nil.  hia  engine  wha  the  whirling 
polipile  (No.  ISO) — "every  thing"  he  ob«crve«  would  lead  us  to  bcUore 
thai  hfl  pinphiycd  lliis.  We  regret  lo  soy  there  aw  strong  objcctiona  to 
such  an  opinion.  Tliat  an  edgine  acting  on  the  same  pritu'iple  of  recoil 
la  Hertin**  fnlipdu  mii^ht  have  been  made  lo  propel  a  vos««l  of  two  hun- 
dred tons  ix  n<lmitted  ;  but  from  mrxlt-ni  enpenment*  with  small  engines 
ofThiu  denrriplidn,  we  know  ;  LnI,  tli*t  in  order  to  produce  ih'i  rt'ported 
rvsalt,  the  eliuHlicity  of  the  ^teum  •■mplnyei!  mwjit  hiive  been  «ipiivHlent  to 
a  preanure  tf(  ••■veral  almosphenis ;  and  2d.  llwl  the  «normuus  oonnump 
tion  of  the  fluid  when  «»ed  in  one  of  thc«r  engine*  mu»t  have  reqoirvd 
either  a  number  of  boilem  or  one  of  extraonliniiry  dimenxions.  Had 
(raray  employed  neveral  KuUts,  ihe  principKl  dilficiilty  woiiVl  Im<  romoved, 
aa  he  might  then  have  nraile  them  nifiirienlly  strong  to  rK*ist  the  pressure 
Of  the  ciinlined  vnpor;  he  however  u»e<l  hul  one,  ii:i<i  evi;ry  person  who 
tUL-  <  .1  (he  ojiemtion  of  nrocling  i-iigiiieK  will  lulinlt  that    a   single 

l»t>i  tiardly  liavB  b*cn  msd*;  lo  furnish  tlm   iptonlity  of  ttmm   re- 

Quit'rti,  *•/  iJir  rrquititr  ilr^rrr  iif  Irnmn. 

A*  *^'-  finfun*  tif  thi«  SjiiiiiRli  «;ngine  is  not  ni«nti<med,  every  jwrson  is 
lei  I  of  iL      Wy  *fK  no  tlitficulty  in  adniitling  that 

li'*  "■  e  iif  Dtrain  to  push  a   piMon   t"  and   fro— or 

tJi-'  -i  a  rncuum  undfr  one  by  cotid'-tming  llitf  viptir.     Such  ap- 

nlr  ateum   nvrr-  .if  llkol^  to  OCCUt  lO  4  perSOR  devy\^'  «W^^^&VCl 
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fleriung  modes  of  employing  it,  in  ihe  sixtreaik  t»  weD  *a  in  die 
teKnth  ccnbiry,   nnl wtlli«innmng  the   rtliji'CUuti  to  fifton   rifiu-nted, 
th*9  ufU  were  iioc  sufficiently  miuui^  Inr  the  Ri)iric»tiua  of  a 
eyliiirlAr  and  piston,  And  op{i*mtii;  lor  tnin.ti(iittiiig  the  roovfm 
pistfin  ro  rcvoU-ing  mechttiiUm.     The  CASting  and  boring  of 
i>rdnuicc  fthow  that  the  conslruction  of  ■  ste»ni  cylinder  WK«  not  be^ 
the  itrtsof  llie  sixl«!e(it.h  rentury,  oreveii  of  the  two  jirecedtniii;  *■' 

the   wntcr-work*.  romnoting  of  forring  pumps  wnrfce<l   liy 
iklao  numerous  oth«r  fnar.hinP9   put  in  motion  hv  crank  r 
tfulmily  ofllicir  movemr^nts  being  also  ref^lated  Liy  Hv  -.' 
in  the  work*  of  Rejson,  Agricola,  &c.  show  that  engttwcr.^  -.w   ilna  lii 
well  iiiiderHoo<l  the  means  of  converting  rotary  imo  raciiUne«r  tnt: 
and  renlilini^ar  InLo  rotary  onos. 

Had   fJaray  uae^i  a  steam  apparatus  on  the  prinripV  nf  Sarpn't 
Papin's,  or  Leopohi'a,  lo  raiso  water  npon  an  overt- 
same  axle  aa  the  paddles,  we  should  prubabljr  have  1j' 
a  wheel  would  have  been  a  more  prominent  object  than  the  paddles  tf 
ibo  boiler  ilself. 

It  need  not  cxeite  surprise  that  Garay  adopted  paddle  wheels  u  pro- 
pellers, since  they  were  well  known  before  nie  time,  being  of  »»rj 
cient  date.  Roman  salleys  wore  occasionally  moved  by  them,  aod 
hare  probably  never  oeen  whoUv  laid  aside  m  Kuropc  since  th« 
the  empire.  Stuart,  in  his  Attecdoirs  of  the  Steam  bngiue,  obset 
the  aabsdtotion  of  ihcm  for  oars  Is  mentioned  in  several  old  mihtar . 
tisei.  In  some  ancient  MSS.  in  the  King  of  Fnuire's  library  it  t« 
thai  bouts,  in  which  ii  Roman  nrmv  under  Ctaiidiu*  Candex  were  mn^ 
ported  into  Sicily,  were  propelled  by  wheelB  moved  by  oxoo.  An  «» 
cient  bu-relief  han  also  been  found  reprc»cntin^  n  galley  with  thrt*^  urhrt-li 
on  each  eido  ;  the  whole  being  moved  by  throe  pair  of  oxen.  It-  '--  -■ 
Valturius,  in  his  Tit  Jit  Militan.  Verona,  1472,  givesa  figun 
with_^r>r  paddle  wheels  on  each  side.  Aitoiher  i*  portrayed  ■ 
each  side.  To  these  we  add  another  from  the  Nuremmirg  Ohi 
published  in  1497 ;  at  folio  XCVIll  a  vessel  '\*  figured  with  fuKi  wli 
on  the  aide  that  \*  represented.  Ad  old  Knglish  writer  mentions  t 
in  1578;  and  in  1689},  a  horse  tow-boat  with  paddle  wheela  was  uwdj 
Chatham,  England. 

Of  various  substitutes  for  revolving  oars  or  paddle  wheels,  there  is  i 
which,  among  other  things,  we  have  long  purposeil  to  try.     It  consistf  j 

Sirotruding  into  the  water,  in  a  honxontal  direction  from  close 
ctnoed  in  the  stern  and  helow  the  water  line,  a  series  of  two  or 
solid,  or  tight  hollow  bodies,  of  such  dimensions  that  the  water  dicpla 
might  aiTord  a  resistance  su6icient  lo  drive  iWwartI  the  boat.      Some  i 
of  this  resistance  may  he  obtained  hy  attempting  In  sink  an  empty  bai 
or  hogshead,  or  by  pushing  a  bucket  or  washing  tub  into  a  liquid, 
downward^.     The  moveable  bodies  or  propellers  might  he  scpi^ 
of  wood.  rlofMid  light  and  made  to  ttide  in  and  out  at  the  stern 
drawers  o^  a  huresii ;  their  outer  ends  being  Hush  with  the  ■r«<rn  ik-hiw 
drawn  in,  and  the  joint  (at   the  stem)   made   lif^ht  by  vontr  i-i.ni 
analogous  to  a  afttlfing  box;  their  velocity  and   lun^h   of  «' 
proportioned  to  the  siio  of  the  voese!  and  iu  required  spend-      i 
lor  tiaelf  would  drive  or  help  to  drive  back  each  propeller  ai  the  tw 
nation  of  its  stroke,  just  as  a  hollow  vessel  is  pushrd  up  wher  :■--  - 
dcr  water.     The  receptacles  might  bo  open  at  thi-  top  «o  as  ti 
water  which  leaked  in  ul  the  joint  to  l>e  readily  discharged.      vV . 
IKX  awBTC  that  such  a  plan  has  aver  been  ^iro^caed. 


npMf  n-^'An.'r 
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There  «rft  anvrral  inditMiou  tlim  mt^hjiniciana  irj   different  parti  o{ 
'Euro|M:,  w*rre  nltvc  to  the  puwer  dffvol<i|>i:Ml  by  *\vi\m  «i  ilw  tim»f  Uure^- 
vra*  miking  !  iin^nu;  aiid  we  h«vi.-  liuU'   <i<>u)it   tlmi    inLi^rpstiiig 

informatiiii)  -<  .    u  will  yc-t  t>e  obiuncil  frmn  the  oluwilric  lomc^  oF 

the  XV  4ud  \  ^  1  LL-iitiinci.  Thi»c  i>l<l  niithnni,  wlio»e  wnrku  out  u«:ner- 
ally  ()uoled  uti  tliK  Aiilijcct,  obriouNly  ilerivuil  Uieir  itiformation  |)rincipiiUy 
from  iliose  .>r  ibeir  preJrct^Miris  an  well  ui  frum  diK  UlionUiriM  ol  tlie 
idchyniuU. 

Jfriitne  Canlan,  ui  Italian,  born  in  l&Ol  and  died  in  1675,  one  of  th* 
raoat  e<xcrilnt^  geuiuiieii  Uiat  (.-ver  lived,  tu  whom  wan  uiiilod  "  the  rooct 
I  cnuwcpodent  atuinmenu  witli  the  rnu»t  coasmnnule  quacktffy,  profoiind 
Ingscity  M'iih  th«  weakest  iuperstilton ;  whti  on  imih  pngc  ■>  im>n  dnw> 
u^  llio  horoscope  of  Chml.  and  in  nuolber  itnploruig  hi*  fbrsiveneu 
'  the  Bin  of  bavins  ««Km  u  portridf^  on  Friday  ;  unfotding  the  muM 
iliful  relationa  id  algebraic  analyai*,  and  foretcllinf;;  froai  the  ap* 
irance  of  apecka  on  liu  DoiU  hia  ap{jroa4:b  lo  aonie  dtsonvery  ;  ofaoTA 
•11,  <'lo<](ienlly  enfareing  the  obligationa  of  a  pure  religion  and  expresstiig 
Ibe  ftnutt  •entitnenU  in  mora}*,  uhile  hi*  long  lite  was  one  ronttnutid  ex- 
ertion, groMly  outraging  both.  Here,  this  -philo40pber,  ju^'gltr  and 
mailinnn,  i»  fntilled  to  brief  mention  froni  dispUyiii^  in  lus  wriUngi  a 
kiinuii'i)^  of  what  baa  been  called  tbe  caiiabilitiea  of  steam,  and  more 
poniciilnrly  with  tho  fad  of  a  vacuum  being  opeedily  procared  by  jtt 
condenaation." 

That  the  alchymista  were  familiar  with 
the  formation  of  a.  vncuum  by  the  con- 
densation of  9lt'«m,  and  wilb  raising  water 
into  it  by  atmogplnrric  pn-ssnri'  is  cwrtain. 
Their  ordinary  mnnipulaimns  nrcessarily 
made  them  augiiainled  with  both-  In 
Fludd's  Intt^nim  Mitrhurnm  Myntcrium, 
1  ■'  '  '  J-" — '^"^T  P^t"*-'  ^^^'  '•"  'ilu»tr«t«;a  hia  nutiuns  re- 
V  Tffj    «d>iljB         specting  fnver  and  dnipsty,    by    what   ho 

^^  •"    iw^-JaKtr        calU  a  nMttm0a  Rxpt^rimimt,  and  with  the 

apparutus  figured  in  tlie  cut.      An  empty 

rvlon  or  oiiH  tviiitainiii[;  a  little  water  waa 

susjwndt'dovt^r  a  fire  wub  the  neck  turned 

ritrfd.  down  into  a  vessel  of  water  :    when    the 

JTWlort  WM  hcmtvil  tho  air  or  vapor  bvciunc  expanded  and  part  of  it  driven 

jcmi  through  tht.-  liquid.     Upon  romoving  tliu  nix',  the  water  wae  forced  by 

Itba  altnoHpheru  through  ihc  ueck  l«  Duppty  tlie  place  of  the  air  or  vapor 

leKpclltid  by  thi.-  heat.  *  This  ulihougli  notiiing  more  than  the  old  procen 

'of  filling  uolipilcs,  IUO«  of  which   could   be  charged  in  no  other  way, 

ahowH  that  the  prittciplu  was   well  understood  and  adopted   in  various 

opcraiiuiM.     Wu  add  aiiutlier  and  earlier  example  from   Porta's   IVatm-ai 

mngv;  &  work  hnt   publi«lied  in    \oW,   where  he   distinctly   shows  the 

fiirmatiiiii  of  a  vacuum  by  iho  condensation  of  steam,  and  raising  of  wat«r 

into  it  by  the  atmosphere.     "  Make  a  vesael  wiih  a  very  long   neck  ;  the 

er  it  w.  the  greater  wonder  ii  will  seem  lo  be,     Lrt  it  be  of  tranxpa* 

ghiaa  tJiat  you  may  vm  the  water  running  up  :  till   this   with  Ifoilmg 

r,  ami  whrn  it  is  very  hot,  or  setting  the  ooltom  t»f  it  u>  tlie  fire  that 

IV  imt  nrewMilie  wax  enid  ;   Uie  mouth  being  turned  downwards  that 

vau^r.  it  will  suck  it  all  in"     Distharging  t)ie  hot  water 

,  nut  thai  i-i  of  course  implied,  and  iwfore  the  ve«iel  waa 

itie  Wf. — while  full  of  hot  water,  it  could  not  suck  up  any  of 

(Book  I'd,  cap.  3.) 
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_  'I'bftt  die  ntoa  laJtorioiu  ci.tMniirani«n  wcra  acquainted  witti  ilr* 

^  of  steam  Xn  iliifjiliicu  lJ(|iuiiB  Inun  ciose  vomtIb  is  < 

iiftlieir  upc-ruuoriA  mudv  diviii  j'uuiitir  wiOi  i1>b  Imc.  i  . 

effiNiu  wurc  sitnil&r  to  lli-jtv  iff  ct^mj/ru^oed  air.     PorUuoB  ur 

mills  w«irL<  ttdriiirablv  uiiupu^d  lu  [>iv^ui'4>  jcti  of  witer    )'j 

nenm — ibn  taifru  opunin^  of  ■  cock  Lu  <inw  ult'  Uiv  liquid   cuii 

heuutd  a)c*inbic  wuuld  ofuiti  illuatrttU;  tlio  uporaiiou,  jusL  its  Uu-  n 

ing  nf  An  iwlipilu,  ur  inclining  duo  till  the  orifice  wu  covemd  wttb  Vftm, 

wnuld  do. 

Ho  liir  u  ralat^x  to  ihe  principles  of  niiflng  li<]uiil«  into  s  vntcuam  tnrmek 
hy  ilic  cnnduaBitiun  of  iteam,  and  forviMv  cjvctiiig  them  hy  iia  eWucti^, 
ofithing  nuw  was  discovered  by  Ducaus.  Worc«*Bior,  Sarury,  or  Papiii 
both  opcruticina  hud  long  been  pori'oniiL'd  with  wlipilvs,  and  wens  of  an*- 
mnn  occarrcnc*.*  in  taltoratorii'S.  It  wai  in  thtt  exLumiun  of  tbese  anon- 
tiona  i(j  hydraulic  |iurpoftC8  thai  ihu  merits  of  thoMi  la^t  nmnr^  cmu>aeiL 
'  Dniimng  njacbiiwt)'  were  wholly  out  of  tlm  track  nf  \hv  irarutnutm  nf 
molali — tilt;  de^i^n  i)f  ^uch  cuiitnVBiicL'«  w&a  one  which  fi?w  i^  '.: 
ihein  would  liavf  stooped  to  pursue,  Knd  they  mndo  die  e^-,-. 
Water  hy  steam  a  aiibject  of  partirular  study,  hardly  ottc  of  t)u:m  faniil 
hare  railed  to  proilucf  n  macliino  similar  to  Savcry's^  for  every  elemoa 
of  it  wiu  in  their  posscMioii  and  in  constant  uae.  "V\»  true  ue  ban 
aa  yei  rcicrrcd  only  tu  the  tixpulsioD  of  hot  water  frum  ciaao  * 
but  llic  applicatiou  of  ateaio  tu  drive  oald 
from  a  Mrparale  vessel  was  iKtt  unknown. 
thcr«  is  an  incidental  but  vor^'  concluinve  pmof  n 
n  bnok  of  Porta's,  ontillcd  Spiritali,  {namnj 
Heron's  work)  orifnually  published  in  LaljD 
1601,  and  five  years  nJler  in  Italian  and  li 
111  the  Iranslatioii  of  IGOtt.  is  thi^  autiexed 
Nu.  187,  desiftoed  to  show  "  into  liow  ohuiy  p*t* 
a  ttiiuplu  purliuri  of  water  may  be  Iraiulitniie^" 
i.  e.  by  me«8uriii|;  liie  qusniiiy  exjiolled 
close  veosel,  by  vapur  eruJved  fnia]  s  cerL 
tity  healed  in  a  relorL  "  Make  n  bux  nf 
tin,  (r )  the  tiotlom  of  which  should  Ite  pi 
a  hole,  throui^b  which  ehull  pa»s  itic  neck-  of  >  hot 
tic  (u)  used  for  distilling',  coutainini;  one  or 
ounces  uf  WHler.  The  nock  shall  be  soldered  to  llie  bottom  of  the 
iO  tltot  nothing  can  escape  there.  From  the  Mm»  bottom  shall  p 
a  pipe,  (f)  the  opening  of  which  shall  almost  touch  it,  )eavinf[  jual 
enough  between  them  for  the  wati^r  to  run.  This' pipe  shall  pass  tli 
an  opening  in  tlie  ltd  of  the  box,  and  extend  it«alr  nn  the  uutaide  la 
tmnil  distance  from  its  8urfac«.  The  Imx  must  be  filled  with  water  (•' 
funnel  (e)  which  is  afterwards  to  lie  well  ckised,  so  «4  nor  t«>  allow 
air  [xtiMm]  in  escape  i^iinatly,  tlie  buttle  must  b«  plv:ed  iip> 
and  hc'at<>d  a  liule  ;  then  the  watert  chanRvd  into  stcatn,  wtll  f^> 
upon  Ihf  wfiter  in  the  Imx,  and  will  make  it  psu  t)it 
flow  olT  on  the  outside,"  &c.'  This  apparatus  aldm 
to  illustrate  l!iu  relative  bulk  of  «  volume  of  water  and  n.  lUsan 

into  w'hich  it  might  be  converted,  yet  exhibits  in   the   cic  _>it   tbe 

principle  afterwards  adopted  for  raising  bquids  by  iba  eluucity  of  bteam. 


HsklPT.    A.Il.liK«    rura. 


■Ara^o'a  History  of  dia  StaMim  rtigiiM,  trmnalslail  b^  I^rUt    Il«n>ii«<<'< 

Joatiiol  pf  Iho  Franklin  Itiililati*  Vnl   !tXV.    Thi*  dnrxo  uri*cinii' 
&m  lifoujbl  forward  h;  Mt   Ain^i,  ^u  F.ni;]i4i  wttlwr,  vrbosr  wuri 


StipiMre  of  TcttdCf  ftjr  l^lraok. 
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''■^   ''---raRi  and  <l«3cri prion.  oluiArvcA  Stunn,  kiw  wt  compl«t«,  that  th« 

ti  10  suci)  a  purpose?  of  a  «imilar  ftppanttiu  rouM    \\iA   \w-  coiisi- 
|rr«-'l  fVfri  lu  a  varinti'in  of  PortJi'*  idea. 

In  tlu?  linir  liuit(iri«>  ol'  the  moiJiTii  »fenin  eneine,  iuorigin  was  traced 
I  ••  for  ntininfT  water,  |irr)j«)«>d  by  iIh'  MangtiM  nf  Wnrr»^tiT,  in 
ry  fit  InvttntioiK,  a  Imct  writlen  in  IGiVi  and  puiilialipd  in  1CC3. 
iul>HS|Ufiit  rt'iieiuTheK  liavn  hniiitrht  ti>  li^lil  faclo  (HoriMi  iif  n'liicli  bave 
hairii  iiobci'd)  which  pn>vr?  duit  utiiMin  wit»  Mnnli4_-d  ((■  thai  (ldiJ  oth«r 
^uriH>s«-«  loti^  bt^tor*! ;  atul  fulurtt  tiKjijirtr*  will  nrotiAbly  pniduci?  still 
^rbtrr  t-Kiiiiirilc^A.  I'mvuiUK  lo  drKcriliing  (>fht>r  old  appliratifiiiif  uf  Uiis 
laid,  w«  ■liall  noUcM  tiimo  expKrimi^ntA  which  hi«t>>riana  of  iht'  stvum  en- 
yati  bnvi!  )iiinHlii<-«i<J.  Thiin  Rivmilt,  a  Firrnch  courtier,  15  eaid  to  bsve 
rUacovurod"  in  IftOo  that  a  tighc  IkiriIi  *\w\\  cnnlatuitiif  wnler  VlTv\  tlirowQ 
a  firtt  wuuld  \x  eaplodixl  by  ch**  confiufd  vapor— and  by  Dvcaus  in 
615,  that  a  cIokr  coppvr  bail  partly  tilled  with  water  and  heated,  would 
I  a«andor  wiib  a  ndixie  reM-iiibhn|'  thai  of  a  petard— tii)d  by  tlie 
Ji  111'  WtireesdT  in  1G63,  thai  a  pic-ci'  of  ordttBuce  would  also  be 
ixplodcd.  if  ireaLud  in  rhc  earae  way  with  ixa  mouth  and  toncli-linlc-  plug- 
d  ap.  Naw,  thv  fuel  which  these  cxpcriinenu  L>5lul>li sited  (tf  timy 
ere  all  nnido)  wa«  uav  with  which  every  poreun  who  uver  used  an 
:>lipilL-  wfig  faniiliar ;  and  which  was  uo  more  a  niiw  discovety  in  the 
giDiiiiit:  uf  ihc  ecrpntii'nih  century,  than  expemncnte  tu  prove  tliatthe 
Vtir  id*  a  common  cauldrun  mi^ht  bu  bluwn  ofT  by  tlio  eamo  a^unt,  could 
bvwn  in  thu  middle  of  il.  It  was  a  kiiuwludgo  of  the  sune  lace  ihai 
icnl  pbilueupltera  to  account,  lor  the  phcnomouoa  of  earlhijuakefl — 
irhich  itulured  thu  uuntDien  oi  the  ateatn  doilieB.  mentiuned  in  the  last 
haptiir.  {/>  reeulale  the  resistance  of  the  plupB  which  closed  ihe  tnouth 
nd  oyvs  of  the  idota,  bo  oa  lo  fnve  way  before  the  tendon  of  the  steam 
rxeecuud  the  etrenfiih  nf  the  meial.  and  blew  both  them  and  their  gods  to 
Aoms.  When  the  Spanish  treasnrar  objected  to  the  project  of  Garey  that 
lo  bailor  miehl "  bursi."  he  did  not  dreaxn  of  having  mado  a  discovery  of 
he  danger  aruinf;  I'mm  impriBoned  Biearn  :  had  such  been  the  rase  his  ob- 
jection would  have  had  no  force  till  the  fart  upoti  which  it  was  traAeil,  had 
vu  iratfsi  and  bocome  generally  knoviii — but  the  p-ound  of  his  npno»ilion 
"■"  |H-r«in  of  thai  as;e  could  appreciate  aa  well  as  we  can  ;  and  it  is  not 
lable  thai  nn  that  ground  only  was  tbo  projuct  abandoned.  The 
iim  still  preveola  tltousanda  irorn  traveling  either  in  aiearo  boats 
niagea. 
Example*  ti(  «h(iw  that  old  chemiats  were  as  familiar  with  the  stnme  fact 
niMl  «a  with  "  ihe  crackling*  of  tfaoms  iindor  a  pot,"'  might  be  (juotrtl  in 
ibunilaoro— ibev  are  not  nece^iMry,  but  we  -ihall  adduce  one  or  two.  In 
'urta'a  Malurnl  \lagir,  (Rook  X,  chap.  1,  on  DUtiUatioti,)  he  speiiks  of  re- 
ilatitig  ihi*  caiMcJtv  **(  vtilU  In  tlif  various  substances  treated  in  tketn. 
•a  were  of  "  a  Anl  and  vnpounnu  nature"  re^^uire,  he  observes,  large 
la,  "  for  when  thi*  heat  Mhall  have  raised  op  the  flatulent  matter,  and  it 
airaiglit«n*d  .  .  .  ,  il  will  tH>ek  «ome  other  vent,  and  to  tear  fit 
mm,  which  will  fly  alxiul  witl>  a  ^reat  bounce  and  crack,  and  not 
Utpniinmnsinif  tbi-  slandf  rii  by."  Again,  in  ihe  ninth  chapter  of  the 
m*  bonlt.  be  din.-cts  thai  particular  care  tthnuld  be  (akeu  to  nmke  the  iointa 
't  the  force  of  the  vapour*  aricitiif  may  Atrrrf  ii  [ilie  t>till]  r)pen 
ihf"  far I'B  of  ihf  by  standera."  That  such  rtccurrvnci'i"  \vi:*r*i  not 
nf-o  loiTi  o  n  mny  bo  infer  rt'd  froinaiKitlrar  remark:  {'n  th<^^I*t  cbwplfrof  thtf 
)  Dpeaking  of"  the  Bt-paration  of  iho  rti-menta"  and  of  iln-  vanoua 
diatilted,  be  olwervei,  "  we  account  ihtwo  airy  which  fill  the  vea- 
ivera  and  ewily  burti  them,  uid  6u  Aie  out."    'V\iKee  v-KaiiL\^«a 
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me  nufficient  tu  prove  cW  Uie  imwwtUiit  force  off teAm  wbon  cqcitotd. 
known  in  llie  miildW  of  Uie  sixteenth  ccniiiry — in  fact  it  olwivs  hMM 
known   since  dUtillutiuu   was  praeUMcd  or  itn   eolifiUe   uwd.     P. 
care  ww  always  required  to  keep  the  orifioe  of  the  laitsr  iuKiramimt  ofn 
when  on  the  Are. 

Besides  \)w  Nutural  >[agic  of  Porta  and  llie  writinga  of  Cudui,  than 
were  other  works  puMished  in  tlie  aixieeuth  cenlury  la  which  stMffi  it 
eitiier  incidentally  mifiilioned,  or  expressly  treated  on.  About  the  jmt 
1560,  Maihesius,  a  German  preacher,  in  order  to  iUurtrate  the  enontuwi 
force  of  a  little  imprisoned  vapor,  introduced  into  a  sermoD  a  d«acnpim 
of  an  appaiatUB  "  onswenng^  tu  a  Bteam  entpne"^-fln  instance  of  ts^mij^ 
e([ual  to  (hat  ni  Cardai>,  who  contrived  lo  swell  the  contents  of  a  treaiM 
on  anihmelic,  (which  he  wrote  for  the  booksellers  by  the   page)   by  ex- 

gidsting  on  the  motions  of  the  planets,  on  rhe  creation,  and  the  town  (f 
abeL     Canini,   a  Venetian,  made  exjjeriments  on   <ileani   in    156^    la 
1569,  an  anonymnus  tract,  printed  at  Orleans,  and  ascribed   to   Rr«w« 
contains  an  account  of  ilie  expansion  of  water  into  sieam,  end  ihc  r 
Tolumes  oT  each.     A!>oui  1597,  a  German  writer  propi>sed    the   ■ 
eolipile  of  Horon,  as  a  substitute  fur  doga  in  turnipig  the  spit,  and 
mended  it  in  a  pOMSge,  an  extract  from  which  may  b«  skcu  at  page  76 
this  volume. 

^Sk^  "  Forcible  Movements"  of  Decaua,  or  de  Caui,  is  the  nrrxt 
thority   for  early   notices  nf  steam.     This  work   was   first   publitbfld 
Frankfort  in  1016,  and  in  J^aris  in  16S4.     It  is  eniuled  Lft  Raitni: 
Fivtrs  Moufantef,  avec  diverses  machines  tant  utiles  que  plaisaBtet,  kn:— 
Reasons  of  moviag  forces,  with  various  machince  both  useful  bimI  inia" 
esting.    The  tiik'  seems  to  havB  Itevn  slightly  changed  in  differenl  ediuow 
ud,  ag  Dotioed  at  page  319.  the  name  of  the  author  aleo;  a  cireunuum 

that  has  led  Mr.  Farey  to  lupunip  tbne 
wero  two  books,  written  by  dincrent 
t^rs  of  the  same  name.  In  ihf  Ed£| 
tranBlatinn  nf  IfiAO,  which  cousiiu  of  i 
parts:  "  ThetheoHe  of  the  condurt  of 
ter"  and  the  "  Forcible  movt-menu."  ifcs 
thooremson  steam  aro  oinitied.  By  thnr 
tlieorems  Decaus  intended  In  show  ttm 
heat  carriea  off  water  by  evaporattoh — dai 
steam  when  condensed  returns  tn  ita  oriptt- 
^^^^  al  bulk — and  that  a  hollow  ball  or  eeli 

^j^ y V^^|^^^B||9| J>  may  lie  exploded  hy  it.     The  only  di 

^^  ^^^H^^^^^^l^  foi*  employing  this  fioid  which  he  has 

is  in  illuiitraiion  of  the  KAh  theorem, 
IVoter  mail  be  reined  abnce  it  a  level  hy 
nfJiTt :  "  The  third  method  ofraising 
is  by  the  aid  nf  fire,  whereby  divprsr  ma- 
chines  may  be  mode.     I  nhall  herv   w-n 
tlie   description  of  ono.     Take   a  ball 
cop|)«r  marked  A,  well  soldered  at  en 
parL     It  must  have  a  vent  bole  marked 
oy  which  water  may  be  mimduced ; 
also  a  tube  marked     C,    soldered  into  tkv 
top  of  the  ball,  aod  tlie  end   C  rrach 
nearly  to  the  bottutn,  but  twl  totiching 
After  Riling  thia  ball  with  water  through  the  vent  hole,  atop  it  cLuM 
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Dt  the  b«ll  un  the  Gre,  than  Uie  lieit  acting  against  tiie  said  ball,  will  caiMO 
U  tlie  waler  to  ritt*  ihmugh  ihi*  tubi>       C." 
Oil  ihf  -  I'lri  that  this  apparatus  was  ori^nally  tlesi^etl    by  Ife- 

itta,  M.  -'  claiiiit;d  tor  I' ranctj  the  invtmtion  oT  the  «tratii  sn^nu. 

lie  K^^llF.il,  ill'  obwrvetf  in  his  Mt^nioiruf  Wait,  havt>asi:ribL-il  rhf  honor 
J  (hv  M*riiuis  wf  Worctjster ;  but  oti  this  sidt*  the  cliaiiDel,  "  wu  loaio- 
in  ihnl  It  bell•(l^B  In  a  iiuniblc  cogioi.'vr.  almost  lurgotU'D  by  our  bio- 
ji)nfrs  >"«.  .St'lwmon  do  Caus."  And  in  hie  'Hirtnry  oT  tJit*  i>luam 
ngini-,'  lie  Kssvrts  that  "  tlie  idea  of  raising  water  by  Uie  vUstic  force 
f  atcauj"  bfjliTiigs  to  the  same  individual.  With  the  dispoMlion  and 
iveo  an  anxiety  lo  |^vu  to  every  inrvnu>r  his  iiill  mwi>d  ki  pnisi',  we 
nftraa  that  we  caniM>t  perceive  in  the  Jigurc  and  dcscnption  befora  us, 
afBciofit  grmnid  fmm  which  such  intVrtincrs  could  fairly  bu  drawn. 
"htt  f*ct  ■»,  to  t>n  one  age  or  people  can  (lir  origtti  of  the  sleain  nngiiw 
^8  at(ribuu!(i-~^(ir  yul  its  Tsnoiu  applicali»ii«.  Tiiat  soimi  have  coniri- 
lUlml  i^reiitly  rnorr  tJian  othom  to  develo|Mr,  mature  and  apply  it,  IM> 
rson  doubts. 

Were  II  cvL'ii  admittud  that  no  apparatus  prtfcisulv  like  that  rt.-preeontcd 
iht)  fitjurc  was  pruviously  known,  it  would  bi-  dillicuU  tu  establish  the 
laima  put  furwarU  in  behalf  of  Ducaus.  But  there  waa  ootbine  novel 
iher  ill  iu  consiructttiit  or  in  lite  prmciplu  of  lU  optfnitioD;  while  for 
««rly  all  practical  purpuses  U  was  %'alueleu. 

So  far  %$  rvKpi'cts  i)il>  apparatus  simply,  no  pnrC  of  it  VMt  invented  by 
ira.  It  is  figured  in  llw  &[iirita]ia  as  an  illuflratioii  of  Probletn  DC,  viz. 
hollow  »pheru  psrdy  tillod  with  water,  and  resting  upon  a  tripod,  with 
jut  pipe  extending  down  into  ilic  li^juid.  Instead  of  Rre  under  it  to 
Btse  atvam,  a  synngi.'  is  ixmnofctird  to  the  upper  [ran,  by  wlucli  to  lujeoC 
ir  or  water.  This  figure  is  1»>{lit^d  in  Plate  VII  of  the  "  Forcible  Move- 
lonci,"  (Ireak's  Trarw)  and  of  it  Uecaus  ohavrvcH,  "as  concerning  the 
gtiro  of  the  elobe,  it  may  serve  for  pleuure  u>  cast  iho  water  very  high 
y  the  pip«.  4Aer  that  you  have  forced  it  in  wttli  violotice  with  Uii-  sy- 
Haii  nut  this  device  of  nitHing  water  liy  air  compressed  with  a 
bofn  found  in  the  8pinulia,  it  might  also  have  been  deemed  the 
ion  of  I>«Gau8,  fur  ho  does  not  mention  the  source  whence  he  de- 
it;  atkd  as  it  is,  we  think  he  may  with  as  much  reason  be  considered 
>e  atiihor  of  aiV-cngine^,  as  the  first  inventor  of  steam  ongiiie«.  The 
ipparatuit  is  also  a  mmliSciition  cif  that  by  which  Heron  raism  water  1^ 
ui  hcnt  of  ibo  stm,  hiit  the  author  of  the  Spiritnliu  was  too  well  versed 
k  tks  aubject.  to  introduce  in  that  work  $iich  n  cii'vicc  as  chut  of  T}rcaua. 
The  elevation  of  ^^-nter  by  the  elastic  force  of  steam  was  also  woll 
inowQ  befure  the  lime  of  Dceaits.  Nature  herself  has  alwuyi  presented 
triking  prools  of  it  in  boiling  springs,  and  in  the  magnificent  fountains 
nd  jets  that  are  thrown  up  in  various  parts  nf  ihe  inrth  from  suhtcr- 
Biieou.1  cauldrons  by  imprisoned  sttmm ;  as  in  the  Geysers  of  Iceland, 
rbere  the  hot  liquid  is  thus  violently  forced  through  natural  tubes,  of 
ine  or  leu  f^el  in  diameter,  to  hcignts  varying  from  twenty  to  ninety 
HU.  and  accompanied  wirh  intermitting  volurni*-.  oftWvopor;  pheno- 
nena  ibe  philosopliy  of  which  was  Wrll  understood  by  the  ancients.  But 
such  ejample*  are  ilronwd  loo  indirect,  and  as  known  only  lo  a  few, 
here  an-  oth*^r<  wilb  whit-h  pj^uple  geiH'ndly  h«ve  aln-ays  been  eonver- 
:  Vf^i*>U  tor  hpaliiig  wuiir.  with  tiibtiUr  spouts,  whose  upper  orifices 
il  'jh  the  lop  of  (h*»  veMftls  or  the  liquid  within  them,  arc  of 

.  My;  aome  that  resemble  oar  tea-kettles  and  cofTce-pota  are 
(ifld  portTvyed  on  the  paintings  aiid  sculptures  of  Egypt.     Now  every 
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otM!  knows  tli«  when  tfae  coven  of  theu  fit  to  dose  n*  t'>  (.<>.'■  .-.i 
•teum  frnm  cscnping  nsfiut  ax  uisgcnpmird,  thp  c" 
tlie  hot  liqiiid  Lhrougti  chc  iinouU}  ■■»)  In  u  niannrr  , 
diisrritted  liy  DeimUsi,  for  Uii*  effect  ie  tlie  sarao  whetbt  r 
nilif  be  cronnpcwd  to  the  lowi-r  (tide  of  a  boiler  like  o  u-  -,^ 
inllBrtel^  [hroug}i  the  top  ami  coiirinm»cl  wlihiii  to  the  liquid. 
flomi'^Rtic  cxhlbitifnw  ol   the  effpcts  of  etesrn,  thf  iltricc*  f.; 
other   «r«:ient  oxpprimenl^rti   warfi   prolialjly  dt-rived  :   •  |>< 
t]ioug(ir»  vrnxr-  liimed  to  the  Bubjed  of  raiHine  wtucr  by  it  coi. 
profit  hy  ihi-m.  nr  to  hit  upon  flO  slight  a  moaificatJoii  of  the     |  : 
•hown  in  tlic  Ins!  figure. 

The  Mitnf  Rpplimlion  of  strum  miia  often  CJthilMt^tl  by  ilc1iynii-n»  w  * 
reiwly  olmerven  in  their  manipnifiltoaii,  and  in  drawn 
their  still*  and  rf  lorlrf ;   hm  ir  wiia  sijll  mori'  clearly 
life  in  the  employmfnl  of  eolipiles,   and  th«  cutiper  tiaii  o(    i 
tnerplyoneof  th«ae  with  a  jet  pipe  prolonged  into  the  llrjuid.  Tl  ■ 
"  ball  of  cupprr,"  "IwU  of  brftsfl,"  were  thoso  by  whir  h   r. 
dcoignatutl.    (.S«e  page  396.)     Now  no  one  was  igiiotmni  thor 
on  the  ton  of  one  of  tliea<»  iiiiitrumonts  let  out  stenro,  and  that  ihn^' 
near  ihp  bciUom  hot  water  would  be  violently  erpi*llpd  tjimuffh  a  ■■ 
tube,  if  attached   to  the  openinf^.     Stippose  tliK  one  figured  u  N 
wthoraccideiilally  or  designedly  placed  on  the  fire  with  the  tube  i- 
upwurds,  and  heali-d  in  that  position  while  two  tliirdn  fillivl  wirK 
the  vapor  would   then  aceunmlate  in  the  dome,  and   would  ner.-  u  ■; 
drive  out  llie  l>oiling  liquid  until  the  lower  orifice  of  iho  tube  was  tw  \--i'r 
covrn-d  with  water:  or  imagine  No.  184    inclined   till  water  ru-!" 
inHteail  of  •team     That  such  experiments  were  not  only  freiiupnt  (> 
mon,  no  p«rM>n  can  reasonably  doubt,  although  t>o  notii'v*  ofr'  ' 
found  in  iiooks.     Such  a  mode  of  rai»ng  water  was  of  liltle  > 
thought  wortli  recording,  and  but  for  iu  introdurtinii   inu>  wximt  \^ 
of  t>ie  steam-engine,  we  should  not  have  deemed  it  uf 'lutlieieni  imp 
to  notice.     Moreover,  the  orxHnnry  ttiode  of  clinrging  ei)lipileH  «ti 
but  one  minute  orifice,  vvt.  by  heating  and  then  pbin^iig  thnn  in 
must  have  frequently  caused  them  to  producn  H<|Utd  jets,  in  conn  ■ 
of  t]iuir  imWbing  too  much,  atKl  there   being  t¥i  other  way  of  ex 
the  surplus  tlian  by  placing  the  instrument  on  the  fire.     Probably 
pile  wa*  never  uaed  that  was  not  occasionally  overcbargod  with  tin  ..-j-  -. 
and  thui  made  to  raise  a  portion  of  it  by  the  elaMic  foree  nf  airant.    At 
any  rate,  no  one  who  was  familiar  wilh  thew  iimtraraenta.  from  Heroa  Hi 
Decaus,  could  have  been  ignorant  nf  the  fact  that  they  might  be  appHwl  t» 
produce  jeu  of  hot  water  a4  well  ajt  of  vapor;  at>d  few  ev»r  uaed  ttiita 
who  did  not  occasionally  make  them  produce  both. 

It  would  be  an  unjust  reflection  on  Decaua  to  suppose  he  could  '       ' 
given  a  better  plan  than  No.  ISSfnr  raising  water  Av  '''Mm,  'f  f>i> 
had  l)een  seriously  entertained  by  him;  but  there  is  n  i 

to  believe  he  ever  dreamt  of  applying  that  fluid  to  i 
«a  a  suhsdtule  for  pumps,  chains  of  pola,  Ace.  He  ccrtainij  wi 
laughed  »l  any  one  proponing  a  device  by  which  wnier  could  nm 
unnl  the  whole  of  it  was  boiled,  whether  the  quantity  wna  a  pint.  «  )mi^ 
head,  or  a  milHon  of  gallons ;  and  in  aome  caaes  not  until  it*  trnipervlatr 
far  ejiceodod  that  al  which  ebullition  in  open  Teaacls  takes  place.  Wlr 
ifaen,  it  in>iy  he  asked,  did  he  mention  the  device  at  nlll  Simpiv  to 
thai  "  water  ffiav  Ap  raised  above  its  level  by  ine»na  i>f  fitf."  »'•■ 
he  8«vt  t'ini  "dxtrTK  mnnliincs"  may  b<f  dndw  ■  '  ' 
fau  given  ftdescnptiotiot  ona,fiomwVt\t:b>K<£  i 
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i;ur,i.i  TTwre  rriUm — wliimi  ihu  niiwd  tli«  une  of  the  ogv. 

,  one  of  ihem,  which  a  cuiiienipvraiieous  Kriglii>It  aatlior 

Li.jri      t^jtperimeau  of  mocions  by  rarvfy'tna  witer  wiili  tier." 

'  which  he  also  observes,  otier  devicvt  may  be  <lenved  fpoia  it. 

caiu  appears  to  have  read  and  crsvolml  tnuch,  and  to  liave  collucivj 

kaowltidge  irum  every  source  within  hia  reach.     He  dencritie^  naw-iiiillji 

thiu  wcro  used  in  Swtuertanil,  (ire^nginesof  Ocrraany.  vtuiaMorlu  which 

h»  noticed  betu'L-eii  Venice  and  Padua:  he  ctiea  Tacitiii,  PausaiiiaK  and 

Pliny;  (iiiot&s  largely  from  Ueron,  and  refers  his  more  k-ariiudnadcrs  to 

Arobimedtis,  a  commoniAry  upon  whose  writing)  he  pronuMiii  ifi  uiidertului. 

Of  course  he  wus  actjiioinied  with  ihe  worlu  of  Porta,  for  this  Neapolitan 

>hdosopher  aad   his  wntiugs   were  greatly  celebrated  throughout   £u- 

>pe.    Now  had  Decaus  turned  hi&  thoughts  at  all  to  the  eleTution  of  water 

~   stoani.  he  would  at  once   have   perceived  the  advantagi'e  of  n  derice 

e  No.  197,  by  which  the  litjuid  could  be  raised  in  unlimited  t]uautilies 

ithoot  being  heated  at  all,  as  well  as  under  all  poasible  cji-cumsiance^  : 

id  hnvint;  perceived  this,  would  he  not  [if  the  prnjent  of  thus  racing 

raicr  hod  ever  entered  his  bead)  have  given  it,  ur  a  mndifiraiian  of  it, 

stead  of  Nn.  188  J    It  is  clear  diat  he  wanted  an  illnstranon  of  a  propo* 

aiioii  merely,  and  the  one  ho  has  given  he  cniuidered  as  good  as  any 

at. 

A*  long  OS  the  Naimral  Magic  and  the  Spiritaii  of  Porui  are  admilied 

have  been  published,  the  fortner  about  fifty  and  the   latter  at  least  ten 

Mrs  before  the  work,  of  Decaus,  there  is  little  if  any  thing  whereon  lo 

viind  a  claim  for  the  latter.     If  we  were  to  concetle,  what  certainly  is  not 

itabltshed  beyotid  dispute,  thai  the  first  idea  of  raising  a  weight  by  meant 

'tha  elastic  power  of  sieum  belongs  to  the  French  author,"  ihe^fid  would 

romain  that  the  Keapolitan  bad  long  before  shown  how  ihu  rould  be 

:> ;  and  M.  Ant^  has  hinuelf  ohacrved,  that  "  in  the  ana,  n^  in  the 

the  last  cnincr  is  auppoeed  to  be  aotfuainted  with  The  labors  of 

Bci  who  preceded  him — all  denial  in  this  respf*t:t  is  without  valut?.*'    The 

nai  o{  Puru  in  introducing  the  device  referred  to  was  not  to  show  its 

^ilicotioD  to  roiao  water,  and  it  is  not  fair  to  ooncUtde  that  he  was  igno- 

ot  of  its  adaptation  for  thai  purpose  because  he  has  not  gone  mit  of  his 

ay  to  point  it  oul     It  has  also  beon  objected,  that  his  apparatos  raised 

die  liquid  to  s  very  lirnttud  height.      We  do  not  know   that  Docaua'a  did 

irc,   for  we  uro  ouly  told  that  the  rnntents  of  the  boll  would  be  drivpn 

It,  without  ihu  slightest  intimation  of  an  elevated  discharge.     Well,  (an 

Ivocaie  of  tlic  latter  will  say)  but  hia  apparatus  is  capable  of  raising  wa- 

ifr  to  all  heights.     Ai»d  so  is  Porlu'ri,     Bui  ha<]  Porta  "  the  least  idea  of 

\tc  grvM  power  which  steam  is  9u»ci.-piilil(_-  of  acigulring  I"    The  extracts 

i-hieh  wo  liave  given  fi-om  his  Natural  Mugic.  on  the  rupture  of  vesscla 

iieam,  prove  thai  he  was  well  aware  of  u  ;  and  the  booh  from  which 

extncts  are  token   was  hia  earliest  pnhluetJon,  being  publishi^d  in 

50,  at  wliieh  time  (he  observes  in  the  preface)  he  was  only  about  fifteen 

roars  old.     To  conclude,  we  arc  constrained  tu  embrace  the  opinioo,  n»t- 

rtlhstniiding  the  arguroonu  and  eloquence  of  M.  Ar»go,  that  the  device 

)n»crili?d  by  Doca.ua  brougfal  to  light  no  new  lact,  and  gave  riae  to  no  new 

>r  uwiful  nttutL 

Atihout^^i  instances  rarely  occur  in  the  arts  in  which  the  Ovation  of 
hut  Wnicr  by  the  steam  evolved  from  it  could  be  of  aervite,  there  are  some, 
a«  in  chctiuoil  manipulations,  in  a  fow  breweries  and  diatilleries,  and  alio 
in  w^ap  fnifinlaclrtrica.  The  operation  iu  the  latter  is  worth  noticing  :— 
y  procesi  of  man ufiictu ring  common  liard  Muip,  ihrHC  or  four 
U  '  laadu  at  once  iu  a  deep  iron  val  or  boiler.    ItvUi  t\iv»  wsNut^ 
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hutidfcJ  gallons  of  lev.  with  tho  oilier  ingmdiom*,  tnllmr,  Twin,  Kf 

■re  put     AftLT  the  whoI<r  has  bfeu  wvf-ml  uv.t 

maM  is  suffered  lo  ri.'mflin  some  urne  ai  resi,  wli' 

boUooi  IcavKs  a  thick  «tntum  ol'ftOBp  t'oane*!  above.      Ac  no  oprni 

mode  in  the  sides  or  liotturn  of  Uie  boilpr,  the  iu't  ley  is  drnwn 

top,  and  lA  usually  done  by  a  (^ominun  pump.    Long  aiiar  the  i 

dr&WD  tfioam  condnuea  in  riM*  from  the  liquid*helow  ;  for,  fr^u. 

mua  of  beaied  nuteriaU,  their  non-condurtMi^  prnni>ny,  and  thai  of  i 
furnace,  the  hf«t  is  slowly  diasipnted.    Th«  Mwp  in  ilie  mean  tima  i 
a  iimwr  confristenne,  and  prevents  the  vapor  from  cocaptop  ahiiTc 
elfeciually  o^  the  botioin  oi  t)w  hoiW  does  belavr;  bo  Hmx.  not  ut 
steam   atmins  cnnaiderable   olositc  force  con  it  open  a  pajca^  ttimud 
and  wh«n  it  does  the  opening  ifi  instantly  rioeod  as  be&re.      U 
fare  iho  pump  is  puiihcd  throueh  the  wholo  to  ibe  b«Ujom  of  t 
Btarted  to  work,  the  liquid  canUHUf*s  of  ilsvlf  to  pass  up,  h(>in^  u.-i 
ibe  atciun.     (It  is  necessary  to  work  the  pump  at  first   Iwrausc  lh( 
ii^s  in  its  end  be<'ome  stopped  with  soap  in  pussing  it  dovro. 
oi  a   plain  tube  woiiUl   li<>  fbokod  in   tli»  same  uay  i   but  by  a  puni 
tncbcil  10  il.  the  pressor*?  nf  Uif  utmuspliere  is  addL-d  lo  UiAl  of  ttir  ttc 
lo  force  llie  |>assa^G  open.)      The  large  body  of  ^oujr  keeps  setlliug  iin« 
OS  tbe  ley  Is  discharged,  iind  thus  prcscrN'cs  tbc  ^Icarn  at  ilie  same  Je^'r 
of  tension  unlil  all  toe  ley  is  ejected,  when  the  steum  itself  cscai 
through  the  pump.     The  soap,  ic  will  be  perceived,  acts  as  a  fltxil 
Ion,  its  odhesion   to  the  sides  of  tho  boiler  and   its  apissitiido  um)  ' 
tfRectoally  confining  the  vapor  below. 

Of  the  origin  of  this  tnode  of  raising  ley.  and  the  extent  lo  wlneli  fl ' 
practiced,  we  are  not  informed.  It  afTordd  howerer  «n  example  eff 
truth  of  the  remark,  that  important  results  may  be  deducvd  fmm  at 
to  simple  facu.  as  well  a»  from  the  obsonanceof  comtnoti  prtiduaE 
Rxamimition  of  the  r^^siduum  of  a  soau-boiler's  kettle,  il  is  well  kiiawiH 
to  the  discovery  nf  n  new  chemical  clemi^nt,  (todino.)  nnd  oT  tr*  t  inuoai 
B  wecific  in  the  rurt^  nf  thtt  goifrt ;  nnd  from  the  prei  i 
be  tnforrvd,  that  nn  nKaoi-ving  Creek   or   Rumait  »••'  li 

diacovercd  the  applicability  of  .itonm  in  raise  water,  .sirii.'<' 
the  requisite  machinery  in  his  ordinary  apparatus,  and    ii:< 
fonneif  the  operation  as  nfVen  as  he  matin  aonp.    His  ingi-ntiily  wnuld' 
bave  been  rewarded   by  a  diminution  of  hia   labor.     .And  wbo  can 
thai  auch  a  pinn  wns  not  in  use  in  some  nfdie  old  soap-fiiciories  uf  I 
times  t     III  tlial,  for  example,  which  has  been  discovered  in  Pur 
one  apartmem  of  which  are  tlto   vuu,  placed  on  a  level  with  tbe 
and  in  another  wcru  foujid   heaps  of  lintc   of  so  au|ierior  a  (fualiu 
have  excited  the  admiration  of  modom  manufacturers.* 

Of  tho  manipulations  of  ancient  mechanics  and  mauufocttirrr- 
litll*  or  nothing.     Of  tlic  thousands  of  tlieir  devices,  many  v.^ 
Iiavc  certainly  been  Iosl   Some  of  these  have  beenruvivcdur  mjy 
in  modem  limoa,  among  which  we  ihink  may  be  mentioned  vartonl 
cation.*  nf  4l4?am.     There  were  indeed  so  many  ocoasioiu  for  i ' 
mem  of  ihtB  fluid  by  the  ancients,  and  panicularly  in  raising  of 
taken  in  conni-ciion  with  the  information  rwspcciing  it  in  :' 
part  it  was  made  to  perform  ■□  the   temples,   the  tracea  ■ 


■  8o«p  aiiMl  liBV*  tM«B  an  Kspcnij**  Mliole  amuair  iba  Hn^ki   ■■  lfii>:  ■urli 
iiMrd  in  Itif  tiiilrtip.  if  t«B  «inr«  Ut  jtidgp  ffoui  ihe  unQniii  ilini  I ' 
Uin  Alhauiiuia.  »i*.  'Jmi  ulenu,  wbkb.  nf*  Plitlwdi,  "hg  it«^' 
finnaai  to  huf  mmf." 
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baths  &t  Rome,  and  ilie  appsratus  of  Andiemiua.  by  which  last  il  wa^ 
adaptMl  lo  a  very  novel  purpose  aa  a  ihouvg  ageni,  ihua  exhibiting  re- 
Soarc«s  in  its  appplication  that  could  only  be  derived  from  experience — 
Wo  cannot  divest  ourselves  of  tho  idea  thai  the  ancients  were  better  ac- 
qwuntod  with  the  mechanical  properties  of  steam  and  its  application  to  die 
arU  than  is  couunonly  supposed. 

But  for  the  destruction  of  tii^  numerous  libranes  of  the  aiicieoti,  some 
of  which  coniaiocd  volumes  that  treated  on  every  subject,  we  should  have 
bven  incinialvly  acquaintvd  with  thvir  arts  and  machinery ;  and    but   for 
thn  logic  of  Omar,"  wf  might  liavu   bcL'ii  in  puMossioD  of  th(i»e  trvatisva 
un  mvchiinicii  ilini  Ct«tMbius  studied,  and  which  supplied  Hnron  with  ma- 
terial* f(ir  thr  Spirituliit;  fur  thi?  lii««:r  rrlors  lo  invt-nlionB  and  wntJngsof 
hilt  iircdt^cMSDorx,  and  lulmiu   h«ving   incorponilwd  some  of  thfir  |irTiduc- 
tioott  wiih  his  own.     Posnibly  thi^  very  ImioIlh  out  of  whicli  hi;  Miler.ttfd  the 
ipplicnlion«  of  steam  No.  I?9  imd  Nd.  180  miglit  now  have  iMtrn  extaiit. 
Tbo  dt^Nlruction  of  such    works  aa  [lu!»e  wns  m  wvere  Iumm  tu  tlxf  world. 
Had  they  been  saved,  the  ntntt!  of  xticiety   would   nui,   in   the  (bllowing 
ages,  liave  been  wi  greatly  di>gKn«nit>!d,  nor  would  the  iirts  have  sunk  to 
•o  low  an  ebb.     Mecha»icii  have  therefure  as  much  rt^iuoii,  if  not  more,  to 
deplore  the  lo.is  of  those  volumes  (hut  Ireatetl  on  llw  nubjects  of  their  pu^ 
Mitts,  OS  learned  men  have  to  regret  the  de*tructir>ti  i>f  lliose  that  retaled 
lo  literature  only,      II  was  also  easier  to  replace  the  latter  lliau  the  former 
^to  revive  die  lilertturc  than  the  arts  of  tlie  aiicteutii ;  for  refioclions  on 
bistory.  pohtics,  morals,  literature,  romance,  &«.  are  more  or  less  common 
la  our  race  in  all  times,  aod  in  every  age   men  will   be   found  to  clothe 
ihcm,  or  selections  of  ihcm,   in    glowing  loni^age  ;  whereas  mechanical 
iDVcolions,  though  oflcii  brought  about  by  the  observance  of  common 
facts,   are  frequently  the  results  of  forluiious  thoughts  which  local  occur- 
TODces  or  singular  circumstances  induce,  and  if  once  lost  can  hardly  be 
revived,  except  by  congenial  minds  under  similar  circumstances.    Besides, 
it  is   not  by  the  mere  arresting  an  idea  as  it  floats  through  the  mind  that 
discoveries  or  improvemems  in  mechanism  are  effected  :  on  llie  contrary, 
it  requires  to  be  cultivated  and  matured  by  reflection ;  the  accuracy  of  the 
device  suggested  by  it  has  to  be  tested   by  models,  and  these  by  experi- 
ntent,  before  the  incipient  thought  becomes  embodied   in  a  working  ma- 
chine. 


■  Anrou,  his  gnneifll.  bnvitiK  taken  Aletandrio.  WTota  for  direction*  irspetlinK  ih" 
dwposiliun  of  lli«  fmnou*  libnuy  which  i1  had  hi>«ii  tlia  priHr  nrthn  I'lnlnuipo  IncnJteCL 
The  tepiv  wiw— ir  \h>!  >*riiin^  agread  widi  the  J«cirino*  of  ili<!  Kurmi.  <)ii-y  <vero  ms- 
iws;  and  if  they  did  ovi,  thsj  utigbl  lo  bs  Jmlrofitd.  Thv  aigatuvai  wu  imaistiblf, 
and  ihs  whnl«  wen  bnriu. 
I 
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CHAPTER    V. 


F»s  IniraniloM  farMriy  meoril«4— Lord  Sacon — lib  irrvjc^l  foi  ilralnlM  nti^^-Tt 
b«  ptoJucad  br  hydmalM  nutmiifc-EuRptl**— (tnxa'*  aiiiillnitiiM  aC  itiit  M*ta  aT  <Mv  In  | 
wodoo— ItainalilUy— CunaiH  ealnit  fro*  Walk  tut— IUmmjv^  f^MiM  llimui»«   wMsr  byi 
M^liW*  of  nMpx — Pi|arn  tUs'lrating  tlia   ■(i|>lmuuu  uf  tisaB.  ftom  au  elJ  (laituli  *<at\ — Kin 
dnrlc*  Ibr  rnuiur  vibir  bj-  itoM— Jrii*  Bilt— AutH|U<y  *l  »«)-•'  kiiM  tn  t>tlkftil— ItMMtwyl 
avqihvlc  pfvuBT*— EnfiM  of  ■nana— A«««it«m  of  CNtrnr  Itisat  ■»!   lalw  rnrk— I 

f nnJwannn  aT[»*»m  ffftum  «nftnti  wniinfitliiiin  itf ri"'  '  nif me  ri^if  itii  —— thJ  ft 
fcath  CI«Mlflc«Hwi  «f  Modac*  Mnai  afiB—  Ounrrwt*'*  ajitanlw— TW  tama  ailuiFM  ■■  H 
ffM»— Uvcrncka  ttut  af  tba  BDIbon  ■(  ikc  ataMK-asgina. 

H   w  li'vv,  (n.u  i*xi'.<  I  .liiit;lY  iVw  111'  the  conccfitiuna  ttnti  i^zponB 
tejH-'arcliea  tt  mL'cli.in/js  liiive  i'v»r  Keen  rccordcJ !     How  many  mitii 
df  men  of  genius  have  pulsed  ihrough  lilc  withont  making  tltetr  dii 
riet  knovrn  !     Even  since  printing  was  introduced,  not  a  mr^Vry  of  : 
who  poucsscil   in  im  unusual  degree  the  iiiculty  of  inv. 
served  any  of  their  ideas  on  panor.     Of  somo  matt  celt!"  _ 

voliv  of  their  devices,  nothiug  i«  Known  but  their  nunes  ;  they  turd 
and  not  a  trnce  of  thetr  Uboni  is  left.     Of  others,  the  title  by  which  i 
ilesigT^ated  their  inventionn  is  iwtarly  all  that  has  come*  down — ao  pftrticD- 
]ua  hy  which  wc  might  judge  of  their  nu^rits.    This  is  tho  eue  wh 
of  the  old   cxpcnmcnters   on  su^ato.  eapecialt)' those  who 
tempted  to  raise  water  by  it.     Among  these  wc  have  sometime*  I 
Iiord  Bacon  should  have  a  place,  under  the  impression  thai  he  emt 
or  designed  to  employ,  that  fluid  to  raise  water  from  the  delti£ 
which  he  unclenook  to  recover.     Ho  obviously  had  some  itetc  tat 
machines  for  the  purpose.     An  account  uf  these  he  laid  l>efore  th** 
(Jame*  1)  who  approved  of  the  projL-ct,  and   ronseiited   thai  t)ii> 
parlianiem  itluiuld  U-  invoked.     In  tlic  "S]>eech  louchinr 
dmwii'd  miiieni]  works,"  which  Bacon  preiiarcd  to  Im>   < 
parliariieiit,  is  lJi«  following  pa»sa^:  ".And  I  mny  iw*ure  \-,>m,   I.or_  , 
that  all  my  proposttlf.  in  oruertn  this  great  nrchitype.iu'i-iiieJ  soratiainall 
leasable  to  my  Royal  Sovrrtfign,  our  Chriiiiiui  Salotiuin,  [!J  that  J    ' 
prevailed  with  hts  Majesty  tn  call  this  honorahle   Parliament,  lo  c<ml 
and  irapower  me,  in  my  <ncn  vriy  ttf  mining,  by  an  act  of  the  same."* 
gnial  man  was  iherefore  in  pitMO'viiiori  of  a   nnvel  plan  of  accomplish 
one  of  the  most  arduou»  iindTta  kings  in  practical  hydraulics;   and  tn 
pressed  witli  a  ht^lief  iu  It*  ellieir^tiry  that  the  king  was  itiduc4*d  bv 
call,  tn-  iigrun  to  call,  a  |KLrllMmr.'iit,  chiefly  it  would  svt*m  to  giro  ia_. 
to  it.      Wliat  the  plan  waa,  we  arc  not  inforrnvd,  nor  i«  any  account 
believed  to  be  extant.     l>r.  Teiii«i>n,  (Archbishop  of  Oanterburvl  lbc| 
ihorof  "Bacotiiaiia,"  alltldliigiii  1079  to  Baron's  "  Mechuniral  ' 
observer,  "  His  i/ultviwnU  and  ways  in  recovering  ileonrtcd  i 
give  no  account  of  at  all ;  though  rertainly.  without  nrw  tttnlji,  mni 
iKCfHtioiUt   h(?   Would    never  have   uttdr-roikiti   that  new  nrnl   hi 
work""     Thai  the  project  consi^Ifd  chitHly  in   some   i 
raising  the  water  is  cerlatii ;  and  it  is  worthy  of  rvrreirk  <  i| 


Mb)Bb»d  lo  BsconisAB,  p. 
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lOiiM^hold  w&B  ti  mining  engiiwtir,  uid  c«lebrutvd  fttr  (he  invt-ittiun  ur 
»ii»lri]i  lion  nf  ii^draulii;  ptiginp«,  viz.  "  Mr,  Thuiaa-t  BusJtrll,  r>n«;  of  hifl 
Drdthip's  mifnisl  MTvnnts;  s  man  skilful  in  discovehng  and  upviiiuE  of 
itinr»,  rikI  famuiis  for  \\i*  curiniis  iratrr-irvrkt  m  Ox  ford  all  irv,  by  which 
K  iiniiaied  rain,  hail,  tlit^  mintmw,  thunder  wnd  lightning."*  TIiia  was 
TobabljT  the  eamu  indiviJuHl  who  is  mt-ntionvd  in  some  biographiue  u 
'  MA«tnr  itf  the  lt"val  Minr»  in  Wnird,"  under  CharlpH  I. 

Thai  rhv  ii^phciLiinn  of  sttrxiu  tn  liniin  niinr«  ni:d  tmpKrt  motion  to  ni«- 
hinttrv  tind  boKUii  to  «xcit(>  att«^mion  in  England  b^-fore  tli«  d^-'HlIi  of  ila- 

K(in  1626)  II  v«rry  ohviouA.  Of  liii»  Uwrc  nn-  wrvrml  iiidicatinn^ ; 
tritilin  four  year*  of  hit  dt^mimt,  n  jmlmt  wjw  gntntcd  iiT  a  mitlhud  i>f 
aiding  viMKT  •■  fniin  low  piru  by  _/Err."  'V'hv.n  hi-  w»«  ai-.quftiu(pd 
riUl  the  writinjjii  of  Port*,  and  con«Mjtii»nlly  with  the  uppunhia  No.  167. 
\a  Axpi'riuu^nt  or  fact  of  l)te  kind  iIluBlmti'd  hy  lhi«  could  iiavf  rscApvd 
un,  ev»n  if  h*^  hftd  not  been  engaged  in  iht*  jtmject  of  recovering  iluodvd 
liue*  ;  and  ht*  vms,  to  m^  the  I«ii9t,  a*  likely  ta  any  other  man  of  his  agu 
i  perceive  ihc  adapution  of  aacb  an  auparaiuii  an  No.  lb?  for  rblsing  wa- 
ir,  iukI  utsu  to  apply  it.  We  hear  of  no  aurh  utes  of  steam  in  Cngland 
elfire  his  time,  but  soon  after  his  deatli  they  muki-  their  uppe.iriii>otr  \(  ilh- 
Dt  vLuy  one  very  dutinctly  to  claim  tliem.  It  may  hnwcvrr  Ih>  Miid.  if 
iacon  raised  water  by  steani,  Bushell,  his  engitfeer,  would  ii>o»i  tikely 
Bve  di>tie  tlie  same  after  the  death  of  tlie  chancellor,  and  proufK  of  tins 
ici  inigjil  be  obtained  from  an  exaininiuion  of  the  water-work*  of  tlie 
itXer.  Hat)  we  any  account  of  these,  t)ie  question  most  likely  could  be 
nUed  ;  but  almost  the  only  information  we  hav.  renpecling  the  machines 
•d  labon  of  Buvbufl  is  contained  in  the  extract  above,  and  there  ik  but 
M>  particular  from  which  auy  thing  respecting  their  conalruclion  cau  lie 
ferred,  viz. — hail  is  said  lo  have  been  produced  by  them.  How  tbls 
done  We  know  not;  possibly  by  admitting  high  eteam  into  a  cIom 
iL  from  wliich  M'ater  mi.\ed  with  air*  was  expelled  with  a  velocity 
aent  to  produce  ice,  somewhat  in  the  &ame  manner  as  ifae  operation  u 
n-fbrtned  by  coropres&ed  air  in  the  pressure  engine  described  at  page  363: 
he  same  thing  was  done  by  others  who  we  know  did  experiment  on 
emm,  and  who  performed  the  opt>raliou  without  the  aid  of  a  great  fall  of 
itter.  The  Martjuis  of  Worcester  makes  it  the  subject  of  the  Hkh  pro- 
MidoQ  of  bis  "Century  of  Invenlions,"  in  a  fountain  which  he  says  a 
lild  could  invert.  And  a  century  before,  Cornelias  Drebble  "  made 
prt&in  machinfrs  which  iimduc-d  ruin,  haU  and  lightning,  as  naturally  oa 
these  eficcl'i  proceeded  from  the  eky." 

But  whether  T.ord  Bacon  uevd  steam  or  not — and  it  must  be  admitted 
lat  tlierc  is  no  direct  evidence  that  he  did — it  is  interesting  to  know  that 
IS  great  mind  was  bent  lo  the  suKject  of  raising  water  on  the  moat  ex- 
nsive  scale,  and  this  loo  at  the  time  when  aieam  first  began  to  be  propo- 
rd  for  that  purJ>oae  in  JSngland.  On  thia  accoant,  if  on  no  other,  are  nia 
Swrt  entitled  to  notice  here.* 


'  AmouiH  or  Leid  Daron'x  Works,  p.  19. 
li.  i.tt^.,..,tAt  Bii)i<ip)  Bum?ii,  in  hi*  Letters  iyam  flaly. DoiicrBr  (be  waifMroriu 
vrM.  "  ihr  mitliirf  nf  wind  with  thn  w«tnr  siid  Ihr  ilmnHrr  snrf  Mnrtn* 
•  ttobk.''    ad  odilion.  Koiinfilnin.  lti?7,  p  'J4&. 
'  'am  I'l  liave  )>ii«n  f^mtljr  iiitertHliril  iti  mining  nixl   itt  llin  r«ducli(Nl, 
' .  vrni kiiijr  uf  iiif tiO*.     In  hi*  ifn.tliar  dm  tJMt  AilTO.iH'i-nu'iil  ft  l^uiiiBg 
'  '  ■    rl  .•  (nini>  and  ftinriC"  ini '    '  'iwn>  tnin  p'onp«f» 

ro:  ilii:  fonun  birnur    i  U-o  inqumtian  af 

'loiisf  frifeFUi.    In  hi*  '  t  ^.:i:«)  K()inaias,"ira 

utili-f  ihr  \»eaAo{"\'.t\tetiain»a\nt  i'tntiC'  "Build- 
"-,  lu  itirr  not  i\tA\  iVill)  lew  waoA." 
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Three  years  aftar  Bflcon's  dnotb.  the  fint  prinml  Kcconnt  M--.t.i.l.!Mf-..i 
nf  »ay  moJem  nncmpt  {yet  diacovfin*J)  ir>  communirntr  ni< 
by  auam.  and  lu  tuua]  kti  (.fiti^alc  vms  cmplnycd.     '  ■ '   -<■<  > 
tlic  domeodc  hou^.  as  tins  iiiMniiiu'nt  did,  t)iO  il'. 
froni  it  muflt  have  oOco  exctu-d  ottcntinn,  and  Ind   ihi^'mlil'.is   hk 
tend  ihc  appliciitioo  of  the  iAnat  to  other  purposes.     The  Hnt  '■ 
would  occur  to  a  itovicc  wfaoti  ntlRmpting  Ui  ohuiii  a  n>ni  t 
from  n  current  ofrapor,  would  be  thai  ofa  lighl  whc-ol,  hn^ 
or  rnnca  plBC4;d  so  as  to  rcoeivt*  the  impiittc,  in  a  similar  inaiiUii 
paper  wheels  are   made  lo  rerolve.  wliirh  chihlron  supjMjrt  n" 
win:  and  blow  round  with   iho   mouth — iw  llioo**  which  rcsi- 
lors  and  revolve  wheti  held  agalmt  the  wind  at  iho  rml  of'u 
toys  are  verticftl  and  horizniitid  windnniU  in  miniature,  and  " 
amnke-jai-k*  w*'r*^  lh*r  only  ini«tniineiilft  in  llie  !6th  et-ntury  f' 
by  cun-i-ntA  of  air.     Hen^c   tt  was  iiatumi  (n  imilalc  the  mriveri. 
tho*«  in  the  first  applications  of  stoam :   and   th<>  mnre  so   itim-i 
aL  that  time  wa"  generally  toiiiilJortjd  to  lie  lurlhm^  hot  njr.*      ."> 
th«  dei-lru  of  Giovaimi  Rranca,  a*  d*!M:n(»(!ii  in  a  work  cnltlled  7'-'.-  ^i- 
ekatt,  writlcn  in  Italian  and  [^attn,  and  puhli^bed  at  Rome  in  I'tSS.     Tk 
Tolume  ciMilains  sialj-lhree  engraving*.     Tho  tvrcnly-fifth  rppr«%    - 
eoKpilr,  in  the  tontt  ofa  negro'»  head,  and  heatud  un  abraxier:  t 
proceeds  from  the  mouth,  and  is  directed  a^ainftt  pallets  or  \tt,tf' 
periphery   of  a    large  wheel,  which  ho  ihufi  expeeted  to  (urn  rnnt 
by  meiiriit  ofa  stories  of  Kiothed  wheeU  and    pinions,  tu  rnmin 
tion  tu  Mainpero  fur  pounding  drugs.      He  proposed  alno  tn  ra 
it  with  a  rluiin  of  huekels.  to  saw  limber,  drive  piles,  &c. 

It  is  hardly  neeessary  to  observe  thai  tlie  apparatuti  iigurej  by  pmrri 
iti  alt  prulnibilily  never  exinteJ   except  in    Ins    unKg^inaUtrn,    anil   -\ 
stampers,  buckelit,  saws,  piles,  &c.  could  nu  more  have   Iwim  m" 
llie  blhsi  of  Ilia  colipile,  than  those  venerable  Ire^N  wen?  wliirh  \' 
and  older  writers  have  repreitented  being  tArn  up  from  iJie  earth  bv 
hrtath — the  blast  being  dii-octcd  against  the  vanes  of  s   whvrl,  'i 
force  multiplied  by  a  aerica  of  toothed  wheels  and  pinions,  until  it^  < 
could  no  longer  be  resisted  by  the  roota.*>  Branca  aeema  In  havt?  \iu. 
childish  dreams  in   his  mind  when  he  proposed  a  coniiirunus  %'-  - 
steam  from  an  colipile,  in  lieu  of  intermitting  puffs  of  air  rrmn  k  ; 
mouth.     Italian  writers  have  however  claimed  for  liim  the   invcr 
ihe  steam-engine,  a  claim  ipiiic  a«  untenable  as  tlmt  put  forth  is  l'> 
Decaus;  for,  in  the  first  place,  his  mode  of  produrL[< 
a  current  of  vapor  was  not  new  ;  nil  thai  can  be  »■ 

respect  is,  that  he  perhaps  was  the  first  to  jmhluh  n  tii^iJrv  Jiud  lic^cTipiiuu 
of  U,      Then  it  indicates  ncillier  ingenuity  nor  researrli      Th'-rr  prr-^'iUfc 
never  was  a  tray  that  made  and  played  with  "  paper  wimi  t 
t>ot  have  at  onc<>  sugge-trd  it,  hud  be  Ufen  ron«ulted  ;  ui!" 
were  common,  many  a  lad  dnubtlexs  amused  himself  by  mitkiiig  iiisd 
revolve  in  lbs  curront  of  vapor  that  issued    (rnm  them,      Mor 
de»-ice  i«  of  no   nracrlital    vnlue.      Hnw    infinitely  does  it  fall  ^^hiirt  wl 
compared  with  tABC  of  Ueron,  (Nu.  180.)    The  philoeophicol  prtsot 

•  A  he"' -•'■-'  -'"'  n  renittl wtndmill  ■» fipireil ai  folio  40 nf  Rrrios'tni 
Viunmi- 

*  Ity  I.I     <  .TiAnorivkMt*sBrf|>iulon*  iiwnreeaayM  hsva  itnuli'  uxlVj 
"ottB  iir,Suin|niiii  *  iiitir*  that  nu  shsvi-^f  olT,  la  liavn  tie«»  of  inof  iii 
ikitui  vrlwu  llic]'  men  on  :  hy  llie  hol|>  of  Anne  srU  it  U  pomthle.  Si  i 
for  nni  man  tnliDup  liie  gmii»t  osk  b*  thitigaU  with  a  straw,  tn  |iuiut  o^i  wiilli 
or(0  ^«i«' imp  minhw^muA-"    MMk  Woffr.bMoki.vbsp.  H- 
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recoil  by  which  the  AlpxnnJnan  engincfr  ini|MirtrJ  morion  hv  sieam.  hiu 
oOeii  bi'cn  jwlopteJ,  and  cnginea  re^emMing  hw  »r«>maJe  even  at  ifaie  day; 
hilt  «"ie  nn  ih*  plan  oi  Branca  never  wm.  «nd,  without  pretmmption  it 
Tn»y  be  said,  never  will  b«.  The  nrincinlc  Ix-ing  bad,  no  modificatiou  or 
extnn«4on  of  it  rould  Iw  inaHo  usi>Ail.  No  Imilrr  could  by  it  be  madft  to 
work  even  «  pump  to  inject  the  nt-ct.'ssary  supply  of  water. 

Mr.  Furry  has  well  observed  that  sii-nni  nus  to  tittle  density.  Tli«t  lh« 
the  utmost  effect  it  ran  produce  by  pernutum  is  very  trifling,  noiwilli- 
•taDdini*  the  grnit  velmrity  with  which  it  move«.  The  blut  issuing  from 
aa  eoli{Ml*,  or  fratn  the  spout  of  a  boiling  ten-kettlt.',  appears  to  rush  out 
with  sit  inuch  forc«  that  al  first  tiaUt  it  might  \m  «upposnd  its  power,  on  K 
larger  scale,  niighl  Ih:  applied  in  lifu  el' a  natural  current  oPwind  lo  give 
■notion  to' tnarhinery ;  but  on  examination  it  will  l>e  fi'und,  thai  the  steam 
beini;  lc««  Elntn  hittf  thi*  sfMcihc  gravity  of  cumniori  air,  its  motion  is  im- 
peded nnd  reiixtitd  bv  ihe  almoHpherv.  As  ateatn  runtAinM  so  little  matter 
or  urifffit,  it  cannot  communicate  any  considerable  force  by  its  impetus  or 

.cuucuseiou  when  it  strikes  a  solid  body.     Tiiv  fijrecofft  current  nf  stcun 
BOOH  ceases.    This  may  be  observed  in  a  i4>a-ketllo  :   the  vui-or  which 

„ u  with  great  velocity  at  the  spout,  becomes  a  mere  mist  at  a  lew  invhea 

dStUl)C«.and  without  any  remaining  motion  or  energy;  and  if  tho  iwuiug 

■  CUmmt  wero  directed  to  strike  upon  any  kind  of  vanes,  with  a  i-iew  of 
obtaining  morion  from  it,  the  condensaiion  of  the  steam  would  be  sUll  mor« 
■adden,  "because  the  substance  of  such  vanes  would  absorb  the  heat  of  the 

'  kieatn  more  rapidly  than  air. 

Hranca's  apparalns  has  b#en  made  In  fignre  in  the  history  of  the  steam- 
engine,  but  n*it)i  e<|ii>il  propriety  might  the  diild's  windmill  be  introduce>d 

I  into  that  of  oir-entpnes,  for  thx  analngy  is  precisely  clir  sumo  iit  bolb.  Hic 
device  had  no  influence  in  ilevuloping  modern  engines.  Instead  of  lend- 
ing' to  tlie  eninlciyment  of  lh»  lluid  in  cloKe  vessels,  and  to  the  nse  of  ft 
piston  end  rytmder,  its  tendenry  was  the  reverse :  hence  so  (ar  from  indi- 
COUJng  the  right  path,  it  diverted  attention  from  it. 

At  the  litiK'  Bnuira  wnn  prepnring  his  l>ook  lor  the  preas,  some  experi- 
mrnts  on  ntexm  wfr»*  l»t*iiig  made  tn  Kiiglatul— or  no  it  would  wtem  froni 
Ssndrrtnn'M  edition  of  Ryrner'n  Fiedera.  In  vol.  xix  ia  a  copy  of  a  patent 
or  irpr<'ial  priviieije  granted  by  Charlea  I  lo  David  Ramseye,  wne  of  the 
grooms  of  iht?  privy  chamber,  for  tlie  following  inventions;  and  dated  Ja- 
nuary 21.  1630: 

"  I.  To  multiply  und  make  saltpeter  in  any  open  Reld,  in  Tower  acre* 
of  ground,  sufficient  t«  serve  all  our  dominions,  S.  To  raise  irater  Jrom 
foie  pitt*  f>ff/ire.  3.  To  makf  OHt/  wnrt  of  milh  to  gof  on  atandtitg  vnttm,- 
bu  contituaf  motion,  k-iMou/  tMr  Mp  of  trinii,  icaite  [weight)  or  horse.  4. 
To  tuakc  all  soru  of  tapistrie  without  any  weaving  loom,  or  waie  ever  yet 
ID  live  uj  this  kingdome.  b.  To  waht  hoot*,  shipfies  nnif  /target  lo  got 
agaimtt  »tr<me  t'lttl  aid  ftile.  G.  To  make  the  earth  mart-  fertile  than 
B9ual.  7.  To  raue  wattrjrom  lote  fiarri,  ami  mynrM,  ami  voal pttia,  by  a 
*tw  Hvif  ffreer  i^et  ih  ute.  S.  Tu  make  hard  ir<jn  soft,  nnd  likcwisp  copper 
lo  be  raffe  stid  soA.  which  is  not  in  iise  within  this  kmgdome,  9.  To  make 
yellow  wax  white  verie  spevdilio."  Thf  priviWge  wim  for  (mirtriMi  year*, 
and  th"  p'fT^'mee  waa  to  pay  a  yearly  rent  of  S/.  6».  SJ.  to  the  ktnfr.  Mr. 
F.  'iiat  Ramseyc  had  patenln  for  other  mventionx  fmm  Ohnrles  I, 

b<;  ritimeraie  them.     A»  it  wa*  twt  then  eiMiumaiy  ty  tile  spe- 

cif- '  n'"»  record  of  tiie  details  of  hi*  plan, 

l<  _  -flit  English  wrtleni   havtf  paused  over  this  p«tent  almost 

witlinijt  comment,  and  y<>t  it  conlanw  th«*  first  direct  proposal  to  raiae  water 
i(.  .l„.r  rouniry  b>  steam  of  which  any  accouiil  ^laa  jei  Vjeen  ^tuiacfcii. 
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It  may  perhaps  b«  aaid,  (hot  neui  u  not  n>ei»iano<l}  ttill  it  U  'N- 
pVwii  m  the  second  device.  ukI  wa«  pralwibly  luad  in  the  chr 
M^wnrh.     The  very  exprcMion  "10  raise  water  by  fire,"  i»  liit*  .^nmr  lAti 
Porta,  Dccaus.  ana  oiher  old  authora,  uaed  wbon  r«ri)rririg  to  each  tf- 
plication*  of  steam.     Worco9U>r.  Papin,  Savery  and  Ni^wcomeot  aQ  » 
Kcritwid  their  machines  as  invotition*  tor  "  raising  water  by  fire ;"  and  kess 
they  w«re  uttined  "  fire  water-work^,"  "  lire  machines."  uid  "  fire  ea^iHa* 
It  vhould  tnoraover  be  remembered  that  the  word  ■fmm  wnj  not  thi>n  tr 
vogue.    It  is  not  once  lucd  by  the  translators  oT the  Bible.    T' 
generally  referred  to  as  air,  or  wind,  or  smoke,  according  to  ' ' 
aiicea  it  pre»ent>ed.     "  Rarefying  water  into  aycr  by  fier,"  and  wn: 
prmuioiiA,  wurc  commoa.     The  idea  of  air  in  motion,  or  ^viod,  m_    _  _ 
applied  to  currents  of  steatn  :  thus  we  read  of  "heating   water  Ui  nuVe 
wind,"  and  eoliplles  were  designated  "wcMcla  to  produce  wind."    Fn—  "- 
form  of  clouds  which  ■iL-am  lusuinris  when  discUarged  inio  ihft  aimo- ; 
it  was  also  named  wmotte :    thus  Job  calU  it.  in  a  passage  already  i^umni. 
and  Porta,  in  describing  (he  apparatos  No.  1S7,  spvaks  of  it  [>oth  a«  somIw 
and  air.    "  The  water  [in  the  bcvttlej  must  be  kept  heated    ■     ' 
no  more  of  tl  remains ;  and  as  long  as  the  wbiim-  shall  " 
theoir  will  press  the  water  in  the  box,"  &c— and  again,  "ir-j.-u  i.; 
can  conclude  how  much  u-Bter  has  run  out,  and  into  how  much  ai- 
been  changed."     Had  Ramseye  therefore  called  his  dwirice  a  rfrFi"i  ..■ 
chine,  its  nature  would  not  have  been  so  well   understood  as  (■>  i;  ■■  ' 

he  gave  it.  if  indeed  it  could  have  been  comprehended  at  all  by  iht  1 

term.  The  expression  "  raising  water /vyJi^rF"  appears  10  have  a<  >' 
tinctly  indicoled.  in  the  17th  century,  a  steam-machiDe,  as  the  term  sMm- 
engiHt  does  now ;  and  there  is  do  account  extant  of  any  devic«  either  p»- 
posed  or  used,  in  tliat  century,  for  ralnng  water  frooi  wells  and  mines  1^ 
Jire,  except  it  was  by  meam*  ef'tteam. 

The  date  of  this  patent  being  so  [tear  that  of  the  publication  of  Btuc 
book,  it  may  perhaps  be  thought  that  Kamseye  derived  aoaie  crude  1 
Irom  It  of  applying  a  blast  of  steam  to  drive  mQls  and  raise  watL>r,  asi 
gestod  by  the  Italian ;  but  we  should  rather  suppose  some  mndifinlidCi 
or  device  similar  to,  Porta's  (see  page  408)  was  intended   in   NV  i.  lad 
that  N06.  3,  5  and  7  were  deduced  from  it.    When  once  an  cfT 
of  raising  water  bv  steam  (like  No.  1S7)  was  realized,  some  at< 
it  to  propel  machitiery  would  readily  occur.     We  know  that  < 
and  Papin  and  others  proposed  to  work  mills,  by  discharging 
thoy  raised  upon  overshot  wheels;  ukI  ibis  idea  wiu  so  nhrioaa  mdnr 
■tural,  liiBi  hundreds  of  persona  have  propoaod  it  in  Uier  umea  wJdioBt 
knowing  that  ii  had  prcvioutily  been  done. 

From  the  order  in  which  the  6rst  three  devices  are  ontioed  i*^  '^»  "^it 
togc.  it  la  possible  that  they  were  all  tnodifi^ationB  of  the  satnr 
the  second  and  tliird  were  deduced  from  the  BnU.  and  nni)«i~<|.i. 
vented  independently  of  any  prev-JoitN  steam  machines.    Thn  opor 
making  snllpetre  or  nitre  eotiaista  principally  in  imiiing.  in   hoge 
■■aiildruns,  the  lixivium  containing  the  nitrous  earth;   and  from  th*'   laMrv 
(juiintilieii  of  water  ai>d  fuel  requiri*d,   was   formerly  nm 
plHoe.i  only  as  afforded  these  in  ahundanee      At  turn  w. 
employing  the  v&sl  volumes  of  vapor  (which  i'*<iipr<l  u 
air)  to  raise  the  hot,  and  subsequently  rold,  liquids,  wou1<.' 
to  an  iiiwervinp  mind,  and  especially  when  t\w  aubjoct  n)'  1 
sinam  was  oxciting  atrenttoti.     Ccil4 inly  the  idea  was  li^  1 
pnuiit^al  men  while  r>ngagt^  in  the  irtan(ifartur<-  ol'  r 
oTtiie  l7tJi  century,  as  ii  v.m»  i"  VJ<tTc«sMt  wv\  tA\\" 


;up.&i 


PigUTtJrom  an  old  Engtith  Work, 


421 


id  to  Papin  koA  Savery  at  th«  close.  Perhaps  it  will  be  wA,  nitre  waa 
>t  made  in  Eogland  at  that  time,  and  therefore  Ratnseyc  could  noihavo 
»n  the  hint  from  such  works;  and  thai  the  suggeBiion  could  only  have 
rn  doriv(.-d  from  a  long  practical  expenence  in  them,  which  he  probably 
3-wT  had.  This  may  be  true,  and  it  is  not  improbable  ibat  he  was  merely 
ttgriit  in  the  business,  having  by  hts  influence  at  court  obtained  (he 
WkxA  for  his  own  as  well  as  the  inventor's  benelil.  The  clmise  attached 
tlie  8th  device,  "not  in  use  within 'Am  kingdoms,"  imidtes  that  rhcy  were 
>t  mJ]  r>f  En^heh  origin.  Ktit  whatever  were  the  origin  and  details  of  liiose 
>r  r«i»nig  water,  it  is  clear  that  the  subject  of  steain  was  then  abroad  lo 
world,  and  ingenious  men  in  various  psrts  of  Burope  wvn*  «x4irnsing 
ir  wit*  tit  employ  il. 

It  appears  to  ut  from  the  caption  of  Raaiseye's  patent,  that  No.  2  (raising 
Her  by  fire)  waj  diX  the  first  tiling  of  the  kind  propositd  in  England, 
dace  if  it  were  be  wnukl  havn  said  so,  mm  well  as  of  N».  8,  (softening  iron 
d  copper^— and  tliia  further  appears  fr<im  what  he  remarko  of  No.  7, 
f*  raising  water  from  low  placeM,  myntwi  and  coal  pitta,"  probably  an  im* 
|»rovcment  upon  No.  2,  and  difFeniig  from  all  previous  application*  of 
kteam  for  the  purpt*se  ;  hence  we  are  told  that  il  was  a  "  itnie  waie,"  oiie 
*'inn}tr  ^H  in  ii»e."  Had  not  steam  therefore  been  previously  applied  to 
^ise  water,  it  is  exceedingly  probable  that  he  would  have  aitaclied  a  simi- 
lar remark  to  No,  S. 

The  Treatiae  on  Art  and  Nature,  mentioned  page  381,  is  the  oldest 
English  book  wc  have  met  With  that  illustrates 
the  raising  of  water  by  steam  witli  a  cut.  The 
annexed  figure  is  from  page  30.  It  possibly 
may  have  been  deduced  from  the  one  given  by 
Decaus,  (No.  185]  but  we  should  think  not; 
since,  although  the  volume  is  a  compilation,  and 
two  thirds  of  it  taken  up  with  "water-works," 
there  is  noihingeiccept  this  from  which  to  infer 
even  the  slighte<tl  accjueintanre  wilh  Decaus't 
hook.  It  seems  to  have  been  copied  without 
alteraiioTi  from  some  other  author.  It  is  named 
"A  coHentrtl*  Lamp,  Aanng  the  image  of  a  cvrk 
ti/tiat;  on  the  top,  out  nf  tehonf  moufh  hy  the 
htat  nf  thr  lamp  rilher  tra/rr  or  ayrr  may  he 
ml."  The  flevice  consists  of  an  eolipiU:  con- 
taining wnlpr  and  liestrd  by  a  lamp  nf  st-vt* ral 
wtcks.  The  image  of  the  bird  is  hollow,  nnd 
cninmnnifales  by  s  species  of  lhn»i--way  cock 
with  the  steam,  and  also  with  a  pipe  that  de« 
scends  inlo  the  liquid;  so  thai  when  the  bird  i* 
turned  n:i»nd  till  an  njiening  in  ihu  moveable 
disk  Co  which  ita  lower  nan  ia  attached  coin- 
cides wilh  another  which  communicates  Wlh 
the  slcam  in  the  upper  part  of  ihtr  vea»t>l,  vapor 
from  the  mouth;  and  when  it  is  turned  till  tl>e  upper  orifice  of  the 
ipe  corn-'siHrnds  wilh  the  opening  in  the  disk,  then  hot  water  it  driven 
lUt;  tuid  when  the  opening  m  the  diik  iloes  not  coincide  with  either, 
lOtLing  can  escape.  After  nhserving  that  an  opening  with  a  proper  stop- 
>er  should  be  tuadc  in  the  vessel,  to  charge  it  with  waicr,  the  writer  con- 


*  No  45  nf  Warc4«i«r'i>  C«niur)'  or  liivciilioii*.  U  oaated  "A  moat ovaunlitrf  Tindar- 
iof."  W".  71    -A  B^uare  Key  itvn  antaiUd  limn  any  athaiV'  »i»A^<»-TK  "  Km« 
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UDue*— "  The  larger  jon  maks  thiv  veMel,  the  loorv  lUaaee  it  will  «<">■  '-- 
Id  ica  tiffcctB,  bu  tne   l)g)it«  [wicJu]   Iw   protHirciotnltlt*.     Kill  tbo 

tmtfe  full  of  wner,  ana  wt  Uie  liglitx  owi  hre  tt-l •'■  ■'    -■•■'< 

■hort  dtne,  if  you  turn  the  holes  thai  are  ua  i 

chef  may  KDBVGir  otw  another,  liio   wattr  lacing  nv   mii--   fhi.: 

Terted  into  tiyttr  [Bboun]  by  Uie  h(^of  tho  lieiita  ihnt  u«  unijr 

breuh  forth  St  the  mouth  of  the  cotk  :  hui  if  yo"  'urn  tlm   c 

cock  the  ath«r  WKy,  th«t  (he  holes  at  the  bolioni  of  Um  fiifwiB  ir 

each  to  othur,  then  liiiite   b«tng  uo  vent  for  the  a^ur  to   hruaih  uui 

prvMM)  tlie  vrattrr  aitil  force  il  to  aAccml  thv  pipe,  and  isnuc  otii  win 

ay«r  hrwHtlieJ  out  before.     This  is  »  thing  may  utov  !inim.uMi  41 

the  uunkilfiiU,  and  such  as   understand   it   not.     (>■'  <,  amtt  timm 

ntucA  more  strangt-  in  their  rffixtt,  may  Ae  contriveil  fnnn  hrmrr."^ 

Kircher,  in  1641.  descrihed  in  his  Atm  MagnrUca^  iht-  Jcrice  forraisatf 
walor  figured  in  the  roai^n,  a  modt*l  of  which  «ras  fomu 
in  his  museum  after  his  dootb.     A  closo  vi^aiwl  cunjal^.i..' 
the  water  to  be  elevated  is  connertwd  by  a  pipe  i:i 
ceeds  from  its  upper  part  to  the  Lnn  of  tho  bnih-r 
is  supported  on  a  treret.      When  the  Imilur  wss  i' 
steam  ascended  through  the  pipv,  luid  uci:uniuliiliB|:  u>  u, 
upper  vessel,  forced  the  wat«r  up  ihc  jot-pipv  aa 
seiited. 

This,  it  will  bo  seen,  )■  Porta's  machine  {Ka  1STJ 
adapted  to  the  operation  of  miaing  liiguiiln,  which  it  <^- 
hihtts  in  a  very  neat  ami  satinfartorV  manntr.  It  it  ort 
howevtT  equally  olnur  that  Kirclier  ha<l  any  i'\- 
ing  the  plan  to  iho  draining  of  mines,  nr  Tif)-. 
purposes  in  the  urt«.  Hud  »uch  bt-cii  :)i> 
most  Itkuly  have  muniionnd  it  in  hia  I\lwn. 
11  work  puiilished  «omo  ytMra  aftrrwanJn,  ana  m  thf  1 
c<md  vtifumn  of  which  he  tiguren  and  de*cnW»  ihf  < 
narv'  machini^H  then  in  line.  via.  the  hiicket  and  MUiiib 
chain  of  (K'U,  chain  pump,  ami  atmosphnric  p'l-i  <■■ 
fiinn  ufthe  mudel  (an  imitation  nf  a  vas«  su[< 
column)  rendereil  it  ao  appropriaia  aildiljwii  •»  u 
loKnphical  apparatus. 

In  XM'i,  l(ie  i^mat  discovery  of  tttmnapherio  pr 
Will  mud?  ;  «  dlncovfry  whose  influencv,  like  that  of 
aimof  phere  itself,  i»  felt  more  or  less  in  every  an  and  <'i 
icuine*.    Ic  led  iu  a  very  short  dme  to  &  series  of  inretittone  *>i  the 
value,  antoiig  which  ibe  reciprocating  ueom-enginc  should   pro! 
plariid.     W«  meniion  it  here  in  chronological  order,  that  its  infli 
developing  and   improving  the  machine  just  named  may  ho  more  twi£ 
ippreciaieu  wh«n  we  come  to  notics  subsetjuent  uttnmpls  to  impart  mc 
b/  iieu). 


No.  im.    KirebH. 


'  JM>  Bote.  whopubli4i«d  a  treatise  on  Pinvworks  la  IBXLkw  pethnpallia 
of  lliwf'iirtonii  rohitno.     Stnill.  in  hi*  Sporu  aiiJ  P    ■  t'*<i|ife  «!■.___„ 

■)Uoi**  Diir'a  tiuok,  but  II  would  Hem  Dial  dw  bm  id  bolb.  IW  *Wb 

•pcskmi;  iirtnyi' Atlr«.  t^mill  oW-rvei  thiil  t)i(>  eai:      [    ^  1  l^»i  he  iimUuei 

ill  Ikm>Iui  »»a»  iu  nn  Kr^ll-ii  jdi)  rroivch  Itininit.'iry  of  »•«»»»:  n 
nf  a  DHil  tlvii>8  ADi,  mid  r.nckif*  anil  iillier  lirc-ivnrti>  adu' 
tVoA  ymX  of    An  unit  Nnmni  " 

^  Tb»»  work  wii-  piittltilii^  111  i|»sm,  at  Roma  and  C»laniM.  i"  IMJ  ;  ant)  in 
itl  Uiiim*,  in  MUM.    Caiologae  of  Kirahiir's  Woriu  s(  ihe  ami  uT  ihn  Ar*t  «ai- 
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Some  Mmuluhly  ingenuwx  cxpcrimenuilUts  flourinhed  fthoat  lh<t  middle 
sf  llitf  ITlli  ci?nUiry.  whu«rt  nnntirs  h»ve  pcri«li<^d ;  and  nf  their  Iftlmn  uo- 
l.nown.  exct-'pt  an  eiiumer«tii>«  of  ibc  uses  In  whicli  »nini-  oftti^ir 
ri!  could  lie  applied.  An  cxBinpIc  of  ihU  i«  runiiohc-d  hv  «ti  mho- 
ii^'Ui'jaii  pamphlet,* publiahpil  in  l6b\,frota  which  the  falloMiD^  exlmct  is 
ikea.  The  ileviti*  refiMTftd  to  sufiii*  to  have  [to^iseMei)  ever^-  attriliuta 
rf »  modirrn  bi^h-preMuro  «'ti^ine,  and  ihi?  varioiumpplicsliinisof  tJio  lalt<?t 
ipp«ar  to  h&h'c  been  aiilicipaCcJ.  "'  WLereii*,  by  llif  litenaing  of  (foil, 
rbo  only  ii  the  pivcr  of  every  (food  and  perfect  ftift,  while  I  wm  wkrcti- 
Bg. after  tliat  which  many,  far  bffbre  roe  in  all  numane  learnings,  have 
light  but  not  yet  foutid,  vix.  a  perpetual  motion,  or  a  leucning  the  dii- 
l»ee  between  «trengib  and  time;  tliough  I  say,  not  ilial  I  have  fully  ob- 
ined  the  thing'  itaelf,  yet  J  have  advancod  lo  near  it,  tliat  already  1 
Ean,  writh  the  strength  or  Itcipe  of  tour  men,  do  any  work  which  is  doue  in 
Knglntid,  whether  by  winde,  water  or  horses,  tut  the  E^Hnding  of  wheate, 
^pe.  or  raising  of  water  ;  noc  by  any  power  or  wiadomc  of  mine  own, 
itii  by  Ood's  assistance  and  (1  humbly  hope,  aftfr  a  sorte.)  immediate  di- 
rrclion,  I  h9v«  be«n  guided  in  that  iwareJt  to  trr-adr!  tn  another  paihvthai) 
ttrrr  aiijr  oiher  man,  ihat  I  can  hoar  or  n*ade  of,  did  treade  before  me ; 
yet,  with  s"  Rood  BHixeM,  ifiat  /  Aarr  alrmify  rrrrirtt  tmv  HUU  mginr,  or 
ffrral  ntodtt,  nt  LnmbrfA,  able  to  give  sitffifienl  demonetraiion  to  either 
lirttst  nr  iilher  person,  that  my  invention  in  uwful  and  beneficial, (let  others 
aay  iijKiii  priKil  bow  much  inon.',)  as  any  other  way  of  working  hitherto 
known  or  Haed."  And  ho  pnwrt^tds  To  give  '*  a  list  of  the  uses  or  npplica- 
tion*  for  which  ibese  i-itgincji  are  fit,  for  it  U  very  difficult,  if  not  imposs!* 
ble,  to  natui'  them  all  »t  tiie  same  time.  To  grind  malt,  or  hard  come; 
to  grind  aeeii  for  the  making  of  <iyle  ;  to  grind  colours  for  |mtteni,  painters, 
ur  gbutWfbotism;  to  griiHl  bnrke  for  lamiers;  In  gniid  woods  for  dyers; 
to  grind  xptces,  nr  anuOe,  tobnt-co  ;  Ui  grind  brick,  tile,  earth,  nr  stuiies  for 
plajtfsr ;  to  grind  tuifOT'eaHr*  ;  to  draw  up  coales,  atoiiea,  lire,  or  the  like, 
or  materials  for  great  and  high  buildings;  U*  drain  tcyre ;  tti  draw  water 
fixjm  mtnen,  nu^ers,  or  fens;  tu  tlniw  water  to  serve  cities,  towueH.casdea; 
Slid  to  draw  waier  u\  flood  dry  grounds,  or  to  water  grounds ;  lo  droicor 
Jtatr  th*p»,  boatrj,  Sfc.  up  rivert  a^amaf  the  alream  ;  lo  draw  carta,  wagata, 
lit.  cti  fii.tt  icUhoHt  eaUeJ :  ta  draw  Mr  jJough  tcUhaml  cathl  to  the  tame 
dtsputcft  if  nit' J  br;  to  brake  henipe.  flax,  iCc;  lo  wri^h  ancAort  tttti  ItMt 
trtmiir  and  tiionrr ;  to  spin  cordage  or  cables;  to  bnll  meale  faater  and 
fine;  to  saw  stone  and  tiiuWr;  lo  polish  any  stones  or  metlals;  U>  tume 
tf  great  leorli*  in  m'od,  tlojte,  mrttah.  Sfr.  that  could  hardly  be  done  be- 
llftf  ;  tojilr  much  rhtapvr  in  ail  s-rvut  waiAx;  lo  borr  wood,  afmie,  metlah; 
lo  tfarasbv  cotne,  if  need  be;  to  winnow  corite  at  all  times,  heller,  cheaper, 
c  For  p«fwr  milli),  tJtread  milh,  iron  milU,  jJate  miU-t;  cvm  mvUU 
»#.*'  If  Uiifl  exiniyrdiimry  engine  of  motion,  observes  Mr,  Stuart,  to 
thnm  we  are  inJelxed  for  die  extract,  waa  not  some  kind  of  a  steam- 
ngiuo,  the  kuDwIedge  of  an  equally  plastic  bim)  powerful  modve  agent 
M  been  uturly  lost. 

3t«ant  ii  nm   here  indicated,  but  il    is  diflicull  to  cotKeive  any  other 
igeut,  unles*  some  explosive  compound  be  supposed,  by  which  the  pres- 
^ure  of  the   ttlinonphere  was  exciled.     Thai   the  engine   consisted   of  « 
forking  cylitMlcr  and  piswo,  uul  Uio  laiter  moved  by  steun,  mast  we 


'  Imrrmium i/f  t.iiiiiutf  of  Molu/alaltJiilmtmghllofrrfctlion;  "  whicrebT tnaybeilNfMtcb- 
.ir. .  nir  I    'i<iL.  .t.ii.i-  m  liiiglnii'l.or  riseviiinr*,  (n*pncmllr  work*  thai  r«r|uirv*tisuj(lh 
'it  tt'Dier.  wiitd.  cail'1,  itt  ini-'n.  and  rlmt  with  tirtinr  iwcofRax)^- 
!  i<n  hj  my  thiuc  lnilKrio  knwMo  and  UMd."    Londan.  lOSl. 


434 


Oliver  Bran»  amti  JvAn  FUcA. 


[Book  I 


think  b«  tUniitted ;  fur  altHoueh  mtMl  of  the  opentton*  mmobufopd  rni^ 
imvt  Imm.*ii  iwrfonneU    \>y    forcing   uji   water  on  ui  ovenhot  whcl,  bv  v 
a)i|itLratu»  Bimilu*  to  PtLjnn'A  or  bav^r^'s  ateaiii-^tigii)e*,  llierc  hit  niV~ 
to  which  auch  k  mode  wa»  <)uite  inapplicable,  as  raiaing  of  anrbura.  i 
propelling  cajia,  wagons  aiu)  |>1ou^iii.     The  Invetitor,  whoeircr  Ue 
haa  fftven  proofs  of  an  extraordinary  aagacily,  for  every  ii|>erat>un 
)»y  hira  is  now  effcct«>d  l»_v  llw  sifam-cngine,  except  raising  the  aiKltoni 
Steain-ve«»cU  and  ploiigliin)i.      The  latter  U  at  presrni  the  huIiJ<>i-i  nf  i 
pvrimciit,  and  the  former  will   in   all   prnlmhiliiv  lie  sixin  aduprtit.     1_ 
tttithnr'fl  lahors  wore  most  likely  oot  apprcrialL>d   by  hiii  conleni{K'ranii, 
and  tM  ilie  warld  is  alwny)  too  iipt  to  think  the  wor«t  iu  such  iMi*t-*,  ik 
wIniIc  will  pmhably  now  he  set  down  by  tome  persons  as  ibr  dn-sin  kT^ 
•anguine  projcctor^the  judement  comtnonly  paswd  upon  ibo«t>  uIki  tft 
in  advance  of  thn  nee  rh»>y  li*e  in.     Of  this  Inmcntahlv  tnilh  Bt'vml  n- 
amples  will  he  found  in  tbis  volunie,  and  in  tbe  hiaUiry  nf  every  imptirtaM 
invention.     We  shall  nolic«  two  here,  as  ihey  reUt£  in  two  of  ihe  oat 
raluahle  applications  of  neam.      O/in-/  Euint,   m    1786.  urgrd   Hfi.m 
committi^e  t>f  the  lef^aUture  of  Pennsylvania,  the  advnniMEres  to  be  df 
from    sicam-bnats   and   " steatn> wagons."   and   pnKlirtttd   their  ua~ 
adoption  in  a  short  (imc.     The  opinion  which  the  coniiniltce  To 
bira  waa  exprpsaod  a  few  years  afterwards,  bv  one  of  itji  membrrt.  in  t( 
following;  worth:  "To  lell  you  the  truth,  Mr.  Evans,  we  thiiutilil  n 
were  deranged  when  yoii  spoke  of  making  iltam-mtgoiu."     The  >m» 
Klaies  to  JoAn  FUeh,  a  clock  and  watch  maker,  than  whom  a  more  in 
oious,  persevering  and  unfortunate  man  tHivrr  tivetl.    In  spite  of  diflieuliii 
that  few  could  withstand,  he  succended  in  raising  the  meand  to  conslrwl' 
■.  auam-hoat,  which  bu  ran  sevrml  times  from  Philadelphia  lo  Burfinpsi 
and  Trenton  in  17S3.      As  a  first  atlempt,  and    from  the  w^nt  nl'  pr 
manufactories  of  machinery  at  the  time,  it  was  of  neci««Mt_v  in-peri     _ 
then  public  opinion  was  unfavorable,  and  the  shareholder*  finally  ataft- 
doned  the  scbt-me.     Kta  feelings  may  be-  imagined,   but  not   desrnl<r<i: 
for  he  saw  and  predicted  the  glorj'ibal  awaited  the  man  who  shMn'.' 
ceod  in  introducing  such  vessels  in  more  favorable  times.     "The  \\\\\  -t 
come   [he  observes]   when  »oinc  more  powerful  man  will  grt  f«mt>  aaJ 
riches  by  my  inveniion,  but  oohndy  will  (lelieve  tlutt  poor  John  Fttcli 
do  any  thing  worthy  of  attention."     He  declared  that  within  a  cet 
the  western   rivers  would  ^wnrm  with  sream-vesti-ln.  and  he  expresasj] 
wish  to  be  buried  on  the  margin  of  the  Ohio,  that  thi*  music  nP  marine  < 

fines  in  paxstng  by  his  gmfe  might  echo  aver  the  oods  that  covered  h 
n  a  letter  to  Mr.  RiitenTiouiie,  in  1793,  he  shows  the  appHejibility  of  sic 
to  propel  shim  of  wnr,  and  sfl«erts  rhui  the  same  agetil  would  be  adopl^ 
10  oavigate  tlie  Atlantw..  bmh  for  paj-ket«  and  armed  veneU.  Drsranlil 
on  ofte  occasion  upon  hi.*  favorite  topic,  a  person  present  obnerved  a«  I^il 
retired,  "pnorfeUow!  what  a  pity  he  ia  craay !"  He  ended  hit  tifeil 
fit  of  iimnity  by  plunging  into  the  AUegnny.' 

In  tracing;'  the  pn><rreii.<t  nf  dtecnvcry  which  resulted  in  the  BteamHrngt(% 
Wo  have  seen  thut  the  two  grvid  properties  of  aqueous  vapor — its  etal 
energy',  and  the  inntant  anninilalion  of  this  energy  by  condensation — wi 
well  Known  in  the  16th  century.    On  these  properlics  of  nieam  were  f 
all  the  efforts  of  experiinenlera  Ui  accnmplieh  ihu  two  gn-at  objeits 
had  in  view;  i.'e.  m  imjtart  motion   by  it  lo  general   mechanism,  and 
amploy  n  aa  a  substitute  fur  pumps  lo  raiso  water.     Bclure  either 


■  Sanphmnt  is  Art  ••Sitam-Bosi."  ?A.  Rnetctopwtko.  V  T>r.  Mm 
'  Etelf  BalllsBMtnl  sail  ProKTM*  at  Ptit\«Mf\i>ia."  we..    V^V  \S3^ 
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ic  force  or  Oie  couilensation  nrsieam  could  be  beneficially  apptiej  to 

nioddu  dirntij/  to  sulids.  some  ptau  x^ry  dlffuTviit  fmin  tliat  of  Itriiiica 

rvqtiir«d^-uiM  by  whicli   the   fluid   could    be   used   la  dtuc   veseeU. 

■  iwr  (hen*  19  to  the  whole  raiis:e  of  mecliaiiical  conilnnaUoii*  Imt  one  dt^- 

ice  iit'iiie  kind  yet  known,  and  it  has  but  few  modification*,  viz,  apiitom 

d  rjiit*ler.     Expeneace  ha^  proved,  that  ol'  all  t'oiiuivanceB  Tor  trant* 

■Uiri^  (hv  force  of  hig^hly  ulastic  Buids  to  solid  bodies,  this  is  Uio  bu^u 

us  icuns  are  cylinders,  and  bullets  are  pistoDA,  fitted  to  Bll  the  bore  aiid 

the  same  lime  lo  move  through  ihf   straight   barrels,     U  is  tfae  saine, 

KaCevcr  the  impelling  agent  may  be;  whether  gun-powder,   steam,  or 

mpn-«spd  air.     The  atr-giins  of  Ctvsibius   are   the  oldest  machines  of 

e  kind  on  nKord,  and  frooi  them  wo  sue  that  tli*  aociunts  hod  dutticted 

tit  raodtt  of  cmpluying  e^rirorm  fluids. 

StH%m-rn{rif)rs  siniiily  consijvrvd  are  but  niodifications  of  guns.  In  the 
laLUsr,  tliP  bullvt  or  piston  is  driv»n  eiitir«]y  out  of  the  cylinder,  and  in 
one  dir<xtion  only,  l^cause  th«  ii)t«*ntion  is  to  import  t}nt  momwntum  to  s 
distant  object  aL  a  blow  :  but  by  the  former  the  design  is  to  derive  from 
c  lafiviiig  bullet  a  foittinuimt  force;  hvuce  it  if  nut  allowed  to  leave  the 
lylitidur.  but  is  mado  to  truvorsu  Incessantly  backwards  aiid  forwards 
ithin.  In  order  to  traiuinil  its  impetus  to  ihu  outside  of  tho  cyliuder 
to  tho  objects  Lu  bv  actud  upon,  a  straight  rod  is  attached  to  it,  aitd 
e  to  slide  through  an  opening  iii  oiht  end  of  the  cylinder.  It  is  by 
n*  or  this  rod  that  motion  is  imparted  to  the  machinery  intended  to  be 
ved.  All  the  mechanism,  the  wheels,  cranks,  thafU,  drums,  dec.  of 
Keam-eii^net  are  but  appendage*  lo  the  cylinder  and  piston;  ibey  may 
removed  aad  the  energy  of  the  machine  still  remains;  but  take 
«ray  either  cylinder  or  piston  and  the  whole  becomes  inert  as  the  limbs 
if  an  atiimal  whose  heart  has  ceased  to  beat.  Therefore  it  is  the  working 
cylinder  and  piiton  aloiie  that  give  efficiency  to  modern  steam-engines; 
stid  it  is  to  those  persons  who  contributed  to  introduce  them,  that  the 
gloTY  attending  the  invention  of  the»e  great  prime  movers  is  chie^y  due. 
Whatever  may  be  said  respecting  more  ancient  appUcations  of  steam  aa 
%  moving  power,  modern  engioed  are  one  of  the  results  of  the  diacovety 
of  Uioospheric  presiiure.  All  the  early  ones  of  which  descripdoas  are 
BXtaniwenj  rather  r/ir  than  steam  machines,  not  being  moved  by  the  latter 
Buid  at  all.  Their  inventors  had  no  idea  of  employing  the  plastic  force 
Iif  steam.  ')ut  confined  themselves  to  the  aimusphere  as  a  source  of  raodve 
force :  bonci!  thry  merely  applied  steam  in  lieu  of  a  syringe  to  dieplaca 
air  from  a  cylinder,  that,  when  the  vapor  becauiti  condunsou  by  cold  into 
ft  liquid,  ih<:  aimoHphere  might  force  down  the  piston.  That  tliis  was  tlie 
way  in  which  modem  engines  took  iheir  rise  aupoars,  further,  from  the 
mno  feature  lieing  reiaim*d  in  a  great  portion  oi  Lhein  to  this  day.  They 
%te  now  nuigt-d  in  threo  classes — Ist  attnoipAfric,  2d  low  j/retturt,  and  3d 
UgA  prettttre  engines;  and  litis  we  know  is  tho  order  in  which  they  were 
developed.  In  the  first,  the  power  is  derived  exclusively  from  the  uttnus- 
phera,  the  vapor  employed  beiiig  used  only  as  a  substitute  for  an  air-pump 
in  making  a  vacuum  undor  the  piston.  In  proceu  of  time  tlie  second  was 
dovised,  ill  which  the  elosttc  force  of  steam  is  niadelo  act  against  one  tide 
bf  th<t  piaion.  while  a  vacuum  is  formed  on  the  opposite  aide.  The  next 
--  I  live  the  piston  by  the  flU'jtm  alone,  attdsuch  are  nonu'J  high- 

;  ii''».     Till-  term  Mrtiflt-rngine  is  therefore  not  so  definite  as 

".  suppose,  since   it   is   not  confined   lii  tlto«u  in  which 
mover.     Ilad  it  not  heen  fi>r  Torricelli's  discovery,  it 
-    we  should  never  liave  known  aiiy  otht-r  sperii-s  of  siuom- 
.lose  of  the  tliird  class;  and  hence  we  repeat.,  thu  MiVi»M£^«t 
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mriy  Hr  thonglit  of  Bnption  m»Ae  pr«viou«  to  th«'  17th  e*'t.i:it\.  tt,.>«el 
luoJem  (Ia.y*  were  nlivinijBly  dcrircii  from  armotphcric  i 

clftM,  wbili>  tliL-MO  in  their  turn  vren  very  likoly  dodiiceii   -■■■   .j., 

roiua  t}e*ri-iW.-d  iu  the  next  )i«rocr«jih. 

Otto  Gucrrickt',  nrwhora  w^  spoke  at  p4gc  ISO.ODoof  tKacArti-" 
u  far  as  mech&nicttl  ingenuity  went  pcrhupa  the  ino«  pilbNl,  of  l^i 

elii(j(lcilorAi>r'  ' 
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c\liit)itcd  in  I. 
tit  ilatt»bon,  III    1'j04,   Mi 
application  of  ihal  pr«s«' 
tivr  force.   A  Urge  «:ytin>i£T,  A,  uu 
finnly  siscuriKl  to  a   pott    nf  fmar. 
If  WTis  open  81  thf  toji  -i 
tltK  hot.tom,  and  had  a   : 
nUely  tilted  lo  u-ork  !n  it.     A  ropv 
Wad  fnslcned  to  the   pislon'f-n!  uni 
passed  over  tw^  pulloys,  B  C . 
rvjentfld,  by  which  was  tiiipi  : 
scale,  D,  cantainiitg  sK-vrml  »  ■ 
When  the  air  wan  withdraw  : 
the  lower  jwrt  of  th«  rylin*J 
pn-iworp  oflho  aljijonphere  i!ri> -'■■ 
td  iho  piirton  nntl  niiicrd  ilir  •cjil'-a"! 
weighls.      Til  Tary  ihe  vxpenmatt, 
the    wri(jhl«    wen?    remitrtil   uu 
twenty  mnii  wtirr  i*inpU>ycd  I"  t-jH 
Ml  tbn  roiKT  with  all  iJii-ir  »!r»-'T>,T,' . 
bat  a«  eoon  as  a  vacuton  was  made  by  tliv  vmaJl  atr-pmnji  ait  i 
iKtttnm  of  the  cyhnder,  the  piston  acsoended,  nulwilbvIandtnL: 
eRbrts  U)  prevent  It. 

This  If  Lho  titldnet  apparataa  on  record  for  tranatniltiiit;  motion  to  i"'i-'li 
by  a  piston.    Wo  can  however  hardly  Iwliuvtr  th«t  it  waa  th<-  fimt  ■' 
fur  the  purpose.     It  would  be  strango  if  it  were ;  for  wh«t««vcr  it,  . 
beon   the  naturu   of  Anthemius'^,   GarayV,  and   other  old    ■>' 
which  stpxm  wiu  the  activu  principle,  pump*  and  syringe*  hixi   i- ' 
commoti,  and  exprrim«nl«  with  ihotn  too  mN|Ufnt,  for  such   a   dr^ 
haw  btirn  unknown.     Such  men  aa  Aristotle  and  Archimedn,  Cl<  <   ' 
Huron,  K»|;i.T  Uacun  atid  tht.-ir  succt-afton.  were  all  awarv  thai  a  r  ^ 
prL'eentvd  the  siunc  pbenomeiion  aa  Uucrri<;k«'»  appanitu*,  w>i-   < 
tun  wa^  drawn  up  wliik-  the  dificharging  orifice  was  rln»D<l 
thing  wHa  uIeu  olj«rrvod  with  comiuoQ  pumpH  when  the  sn- '     ' 
either  closed  or  choked.     UxpiTimenla  lliereFore  to  ittn- 
thus  excited  were  in  uU  prubu'jiUiv  nude,  and  with 
that  uf  the  Prussjau  philnsupher,  long  before  Ins  lim*-, 
of  them  it  extant.    But  if  i-vurnsuch  had  lj*en  made,  they  won  ■ 
in  any  degree  the  merit  of  (xuerricke,  since  his  experimonl  'n  > 
originaie<r  with  biniself.  and  all  knowledge  of  similar  ones  tiad  t>o«in  Iq«». 
In  thi*  dcvicu  wc  behold  the  saiDo  moving  force,  and  thr>  wune  in^rki. 
aisra  for  npplyin^  it,  as  were  Bubse<]uently  fKJoptod  in  sleam-enginc*. 
at  first  were  Utile  inori-  than  cupies  of  thia :  for  example,  ha«)  •  k-^-. 
pump-rtKl  Iwen  ■uxpenJed  to  the  rope  instead  of  the  acole  aiid   vrn, 
iho  apparatus  would   hiive  differed  from  Ncwc^men'*  err  '"'  ii 

mode  of  cxcitini;  the  atmospheric  prenaum.     To  truerrir; 
dne  the  tiredii  of  bin  in^  run  only  pointed  ■  - 
eSciency  la  the  firatalciimmwiWnea.Vivix  ■ 
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tnnl  mpaox  of  ^rajiloyitig  it.  No  one  could,  we  Uiink,  claim  an  equal  de- 
IfTflf  »>f  tnirii  for  !:iiri|i|y  "J'T'lymg  (not  iiiweiiUnc)  siwllwr  rnmli*  of  protlu- 
cii  mo  under  ihe  putoii;  but  witlioul   iii8>Blinj^  ou  ihti,  it  may  be 

oi'-  it  even  at  present,  ill  all  Iow-|»re«9ure  I'ngitws,  llie  vacuum  it 

ni..  -  fjuerricke  made  it,  vix.  by  an  atr-jtump;  «u  lliat  die  im[)re<« 

ot   .       _  ■  un  the  ateam-uiii^iie  is  iiii  more  obliterated  in   diia  reepeot 

tliuii  It  IS  111  utbers.  Every  uiibiusaed  mind  u-ill  tlierefore  udiiiit.  lliat  aii 
lioiiurablQ  placw  in  its  lustory  bIiuuIJ:  be  aaaignctl  tu  the  pliUotopber  of 
M«gd«barg. 


CHAPTER    VI. 


%mimmteSM  lorMiMr*  for  oeveallat  Uwu  dneoi'arl—    CaMary  nt  Iniftiaai    MmiiJi  nfVfof 
Mner— lln  la>**uaa*  anani  Wfor*  Ub  rirkl  Wir»— 9»«*r«l  r*vivH  *Un  Mi  ilMib— TmblaaH  ia 

tkc  "Ctntimj"  m  nUm  Mrtliar»-4l<nl  nxMim  liielf— iB^rmaiDf  Cbair^^ulatite  rnttiJHMiinM 
Fljiar— I^*Mr—  OrvtiMrS  K«baHilnH  ^M|i — Tb*  AfKI*  ftotjlum — Thi*  ntnirtiatilr  ci[ill«ti— Tbo  J*tIc« 
«NMu«d  sT ••■■•  ImlBi  uiil  litit  iiw*l(ttr>— 'Dm  (toHttncliatfnl  bf  MDKWpliRilr  iinaawir — TkrvvOMl 
AiNr-v«j  Kiirfc*    -ta  bjdnuli''  WAn'biiiu  itf  Wurfotivr  mvntimi*!   by  C'limq  ■!■  HMluu^WorvftiMf'B 

Copf  ur(^■  Ivi  Uir*B  PnibtoOHts  Uih  Crniur}' — liifnnliiua  siudii  aritaUuf  lliMn — l'i>nuii|;-l'anip>  work- 
Mi  b«  KiBMU  Fj.fiam  iuli»ilnt~Akur)i[  Rlitdle— Meauiflm  knTCBlad  by  WornuUir— PH>«I«M  d**- 
fil«»4   I*  bu  iiiHE — l*Meutan  cwtralursil  In  4  public  i-t^aimtai — Naftcci  of  WorcMUr — HI)  ilwlh    ' 


At  yet  we  have  nr>t  met  with  any  dcRtiitc  dricription  of  •  sipam-rngino 
in  actual  UM!.  Thi<  can  only  he  accounted  for  from  the  fact  thiit  old  in- 
ventor* wert*  all  jcnloua  of  the-  printing-prcM.  They  believed  their  inte- 
rest required  concealment  on  their  part,  ihnt  pirntei  might  not  rob  cbem 
of  t}u!tr  lnl>ora.  They  have  been  blamed  for  this,  and  to  have  some  nti>- 
dem  mechanics,  hut  we  think  without  reason  ;  for.  to  obtain  satisfiusdon 
al  late  in  stich  caaet,  wa<  formerly  as  difficult  a»  it  is  now  in  mont  rases. 
To  have  t*>  purcli««>jif4/(>v,  as  tn  a  lotttry.  with  mnnoy,  ifl  liad  in  SlAelf, 
anil  wortc  brcauHtr  thnw  witliout  monr-v  timiiat  obtain  it;  but  lit  htive  to 
give  more  for  it  than  il  14  worth,  if  pnrrliniin*  it  lie  nwarded,  i.-i  a  dutgraoe 
to  enlightened  narifino— nn  evil  thul  naviigrH  wniilil  nut  for  a  mnmeiit  en- 
dure. It  i*  thuK  itiiit  law,  tbdugli  urdained  t<i  pnimot«  Jujttire,  i«  no  proa- 
titutr-(l  a>  not  only  to  defi'iit  the  iibjiTl  for  \vhic)i  it  \va.i  dcsi^iod,  bvit  to 
cherinh  the  tfn>it«eBl  tnjunttct;.  It  bn*  alwny*  been  a  bar  to  the  prugress  of 
t)M*  arto.  The  diffiniUy  and  exiiemie  of  obtaining  and  pi-eservin^  an  cx- 
clusivi^  right  tn  tiiPir  invrntinn*— ihiit  is.  to  ibfcir  own  pro|>criy-^bavi*  in- 
njcnd  itivt-iilor*  nv>rr  ur  t*"<«,  In  every  ng*",  to  conceal  their  dtacnvenes  til) 
death,  anil  eviMi  then  to  dH«in>y  all  n>rnnU  n-Kpecting  tliem. 

When  old  inventDnt  wure  Mticitout  itf  ptiHic  f>iitronage,  inniead  i>r  e»- 
'  lahlialiinf;  tWu*  cUinw  to  it  by  etplaininE;  th<^  principlei  and  operations  of 
ihvir  in«r)iHi».<t,  they  contented  tliemvelvrs  wiili  nnumemting  iheir  iuhm 
and  ^<■■M|  quiliiii'i(  merely.  Thny  |>n>i'Jaiini-'J  the  great  tliin^  that  could 
I  he  tliiiur,  bill  •lEiKJiouoly  concealed  the  tnodea  and  meatm  of  dmn;;  thMm  : 
IWace  new  iuvi<ririuiii  wr>re  sDinetiiiieK  annmiitred  enigmattcaliy.  the  tuov- 
lui£  ur  ooDiUltjonC  pniicipleit  iM^ing  vj  olMiurely  htuled  at  tliai  few  readifra 
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coold  apjiraheiKl  ilwm.     Of  chts  nuM)«  of  exoidng  pahKe  »V' 
arcoiint  of  rhe  engiim  of  motion  la  th«  Uut  chapter  i«  au  er 
acvoral  more  majr  be  seen  in  the  ptmphlpt  published  bv  ifa*i  .\,„i, 
Worcwsier.  in   1613,  eniiUed  "A  Ccamry  of  the  NumcM  and  Sa 
[ouUines  or  biuts]  i^f  such  Inventians  u  Kt  preiwnt  I  chti  ml)  lo 
have  uied  utl  purfecied  ;  which,  my  former  nottts  Jjeinc  l«»t,  I  lisvit,^ 
U)o  in«taoco  of  a  itnwerful  friend,  enduvorod,  aow  in  ihi-  yc-oj-  tti£&.  I 
to  Mt  down  in  sucn  a  way  as  jnay  ffufficiemly  injiruci  niP  to  put  anr) 
them  in  pruclico."     This  book   ii  made   up  of  one   huudrnd    loraaaask ' 
Qumborcd  from  ono  upwards.     It  containj  a  distinct  rvfcrprtca  lo  ■  vrari- 
ing  st(>jun-machinc  for  nusitif;  water,  and  nlsn  hints  by  which   its  nuart 
and  construction  are  prt'itj^  clearly  aw^-nainwl.     There  ia  some  rratoow 
bcltuve  that  the  toodcra  high-pressuw  engine  is  also  reforn-d  to.     Fnw 
tht  rircumnanM  oftbcautfaor  having  figarod  lareely  in  the  civil  w«r>,l 
having  iMjen  aii  untiiusiastic  adherent  of  Charles  1.  and  of  motuinrhj. ' 
rtiaractcr  aud  that  of  his  book  tiare  been  represented  in  the*  tirst  am' 
<if  U^htj.     By  his  enetnics  he  wa«  held  up  a«  bl»«  ami   iinprinril 
the  highest  degrRP:  by  his  friends,  as  chivalrotu  and  nf  unapntiedT 
The  "  Ci'ntury"  has  been  denounced  aa  a  ubeinc  t4i  impose  on  the 
duli^  of  mankind — the  dream  of  a  visionary — and  Hume,  in  his  Hisi 
goes  ta  far  as  to  name  it  "  a  ridiculous  compound  i>f  liir«.  chiiDens,  «u 
impossibilities."     On  the  other  hand,  tt  has  been   reo-lved   hv  nunv  ' 
generally  by  pracdcttl  men)  in  the  light  in  which  the  author  reptr*-' 
viz.  as  a  memorial  of  inventions  sctaally  put  in  pr«jctic«  by  him — •ocl) 
he  ha'i  rually  "  tried  and  perfected." 

With  the  political  conduct  of  Worcc*l«r  we   have  nothing  to  do. 
naturally  enough  aupported  that  system  by  which  he  and  the  rvtr  of  i 
Lords  acnuirea  and  entailed  their  exclusive  privilege* ;  ainuni;  whicb  i 
aliominuhlo  one  of  being  l<>gis1ators  by  hirth  was  perhapn  Utu  mitn  titba 
uiid  unnatural.     On  the  fall  of  the  king  Ite  retii-ed  to  the  continent,  but,  i 
the  reiiuost  of  Charlea   [I,  ventured  to  i-isil  London  in  diitguii^e  in  Ifiii 
Buing  discovurL'd,  ho  was  arrested,  and  confined  in  the  Tower  until 
rufistablishment  of  monarchy  in  1660.     He  died  in  1G67. 

Wi;  have  no  positive  informaiinn  respecting  the  time  wheo  be  omd- 
mcDcud  his  mechanical  roaearches.  There  ts  however  rMUon  to  betietv 
that  must,  if  not  all,  the  invontionj  enumerated  in  the  "Century'*  wen 
matured  before  the  civil  wars  broke  out,  and  consequently  that  the  accoint 
of  thrm  was  drawn  up,  aa  be  declare«,in  1655.*  No.  56  he  obsMrvesiru 
tried  before  Charles  I,  Sir  William  Balfour,  and  the  Duke«  of  Richmond 
and  Hamilton;  and  this  could  not  have  b<-en  la  re  r  than  1641,  fvr  BaJfimr 
wa^  iliitmisscd  tJtal  year.  In  addresaing  the  Century  to  Pnrliiuni 
mentions  having  had  "the  unparalleleii  workman,  Caspar  KalluflT.' 
employment  "these  Svc  bim)  thirty  years,"  and  who  was  at  tiiai 
( 1663)  engaged  in  bis  service.  This  carriea  Iwick  his  experiments  to  li 
Some  of  his  "  waterworks"  were  in  ofM^ratioii  in  his  father's  caMie 
Ragl&nd,  in  Wales)  at  the  eommencemi-nl  of  the  Lnn^  ParliamuoL,  (U 
for  by  their  sudden  movements  he  is  said  tn  buve  frigJitened  certain  adli 
rents  of  the  Parliament,  who  went  lo  aearch  the  cajrtle  for  arms.  Tb«  r_ 
ture  of  these  works  is  not  indicated,  except  thai  they  consisted  of  "acvcfal 
engines  and  wheels."  and  ihat  Inrge  iiuanlitiee  of  water  w^rer'"'---  '  lb 
reservoirs  <m  the  tap  of  a  hi^h  touvr.  Wbtilher  steam  was  th- 
ployeil  to  raise  ihis  water  ia  unknown.  It  could  nnt  have  betm  ii  ;nr  ti 
dition,  creilited  by  some  writeps.  was  irue,  via.  thai  his  ati/<ntion  wa«  1 
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Idn-^Tt  tn  the  employmoat  of  steam  by  obwrviiiK.  mkHe  a  /mMma-  m  lie 
T"  J  or  throwD  offuy  iL     If  mis  waa  tbeuso,  tlion  m 

dt-j  ,<i  >c«iJ  ou  Worcesler'i  usvrtion,  that  the  whule  Gen- 

■tur^-  WW  M'riCLeti  in  IdSA  ;  but  ibcru  ts  ao  rra«uD  10  ijuostiun  his  voracity 
I  in  this  respect.  Oii  iJio  contrary,  tbti  tradiiion  ia  obvioualy  «  fikble;  uno 
I  that  hiu  l>e>eu  ap]iti«>d  to  uihurg  u  well  as  lo  liiiii. 

AJtliuuitli  iiiaiiy  ol'  the  Jvvice*  In  tiie  Century  uppear  oi  firH  «gbt  ex> 
trecoely  loturd.  autl  utliera  impoMible,  yet  every  year  u  pruduciiig  a  ujlu* 
•Uou  oCoae  or  more  oftJiettL    One  hall,  at  least,  uf  itie  niunber  have  bv«n 
realixed;  aoioiig  whicli  are  telegrapliti,  Soating  baths,  sliori-hanJ.  cuinbi* 
luuiuD  locks,  key».  ejioutclieum  aiid  teals,  rasping  mills,  caiKllt^-iiioulda, 
I  vn^nee  for  decptiiiing  harbors  out!  docks,  coutrivaucvs  fnr  releawug  unruly 
'  borvos  from  carriages,  torpQiloea,  diving  apparatus,  fluaiing  gardens,  bucket 
BD^ines,  (see  page  64  oftHu  v<>luia<>)  umversal  lever,  repoating  guns  aud 
pislols,  double  water  screws  (p.  l-IO  ot  Uiie  vol.)  abacus,  portable  bndges. 
Suatiiig  batteries  dec.  Iwsides  his  applicatioos  oi'  sleam.  which  will  be  no- 
ticed rauro  at  large  farther  on. 

It  must  not  be  supposed  that  Worcester  was  iht  first  projector  of  every 
nroblciu  in  the  Century,  although  his  eolutiuns  may  have  been  peculiar  id 
tumavlf.  The  (neater  part  mav  be  fuund  in  the  wurks  of  Puna,  Kludd. 
WUkins,  and  others  of  his  prudecusaorB  and  contemporaricfl ;  so  that  the 
charges  uf  absurdity  brought  against  nuiuy  of  tbeiu  on)  nut  ouributablu  to 
birn  alnue,  Irnlpcd,  iho  Century  is  in  a  greai  mcusiirti  fru«  from  those 
putfrilo  cunctfita  thai  abound  in  old  authors.*  No.  3  he  names  "u  unedine 
cypher,"  diat  it,  a  charactur  cumpo«fd  of  a  single  tint,  winch  by  its  pusi* 
lion  was  njodc  to  represent  each  and  every  letter  of  iJie  aJphalKA.  (Now 
used  m  short- lioitd.)  No.  4  is  an  improvement,  and  consists  in  sulMtituting 
pmnis  or  doU  m  place  uf  lines.  No.  5,  "  u  way  by  circular  inolion,  eilher 
oJou^  a  rule  or  nngwise,  to  vary  any  sl|ihabet,  even  thin  of  points."  Ace. 
Now  these  three  systems  were  explained  and  illustrated  by  diagram*  in 
detail,  Iweiity-two  years  before  the  publication  of  Worcester's  book,  by 
Biiihup  Wilkitii,  in  hi*  "  Mercurj'.  or  secret  and  swift  Messenger."  a  tract 
pnnlbd  in  16il.  The  eleventli  chapter  treats  "of  writing  by  invented 
characters  " — "  how  to  express  any  sense  either  by  Utut,  potnta  or^guret," 
Tittf  last  wras  by  arranging  the  points  or  dots  in  the  forms  of  circle*, 
squares,  uiangies,  Ace.  Wilkins  speaks  of  the  whole  as  an  old  device. 
Another  problem  in  the  Century  is  "  a  universal  characlcr."  This  had 
beeu  often  attempted,  aiKJ  Wilkins  wrote  also  upon  it,  Anoth*!r,  "a  water- 
ball,"  to  show  the  hour  of  tJic  day.  There  wer»*  some  mngular  specimens 
of  these  clocks  in  Servii^re's  museuu,  which  wiu  rclebrnted  for  its  col- 
lactinit  of  mechaoical  devices,  and  which  duubtlvtis  Worcester  bad  often 
rtsitvO.  (Sou  page  38d.  ami  iioi<-  foot  of  page  63.)  Tl>c  universal  lever, 
No.  26  of  the  Century,  he  admits  having  ■ivvn  ni  Venice,  and  the  bucket 
engine  (No.  SI)  at  Home.  It  is  uruboule  lie  derived  his  "  imprisoning 
ehflur"  ftom  the  satoo  place ;  frtr  there  was  in  bis  time,  as  well  aa  since,  a 


*  Tbera  id  ti  tiDftutu  one  in  book  xiv  of  Poru%  Hsffic,  "  Of  ■  birJ  whicli  rossu  ii* 
mtT,"  which.  Iiad  Worcester  mrnTioniid.  Tew  wauM  bav«  credibMl  withcui  the  txvAtaOf 
|i«n.  "  Tnki-  a  wren  him)  •(<il  il  on  a  \va.r\  olirk,  huA  Inv  ii  down  bcrorp  tlK<  fire,  tho  two 
«iKb  of  dtn  liMxnl  <|i(l  Iviiix  ■ujiporti'il  liv  •laintflliiiifr  IImI  m  linn  ;  QimI  yeri'll  tre  with 
■fliT  ~  '* ''  4[ii(  aud  ib«  bim  turn  hj  lilik  and  IiiiIr,  witboal  diwruntiriaing.  nil  'tia 

qit'  '    This,  says  Ueuiubi.  ww  fir«i  found  oiit  bv  CardiBBl  PaJoij.  «i  Rome. 

1li  i^  iir  aeeoumBii  foi  ua  %  xiuiilar  principle  i»  the  rstatiim  or  tla«  luhss 

whra  B1I .  ich  4nrJ  befare  s  Src,  and  r.ven  whrn  iiwtinci)  «faia<l  thp  fi»-pl*ce 

wilK  niit  ■'  ii«inrth,  vix. :  di«  bMi.  being  applied  lo  ona  aide  only.  r.attM's  (be 

ul»M  Id  ^.xi    «iiA  o>nMii)UBoll]i  M  pre(wnderale  anil  ihH  tuni  raiiDd.    Ij«e  Pliil.  Trans. 
foL  ix^^Abndjf    i«l.  1  ■'ifil 


430 


Cemttrjf  of  htrntioHt. 


[B«A 


famoas  nuchinc  Dftfad  kind  cxhibileU  tn  tliu  BorvhMe  villa,  wideli 
not  have  fBCB[«;(l  his  notice.     It  it  described  by  BlainviUe  u  "  vrn 
fully  contrived ;  and  strangers,  who  are  not  tic<]uaimcd  wilfa  ihe  wiek, 
infallibly  caught  lu  in  a  trap  when  they  are  prevailed  upon   ti*  ni  ia 
Travela,  vol.  li,  p.  36.     We  shall  nMtoc  a  few  more:  "A  IiuU-  wi; 
portable  in  one's  pocket,  which  placed  to  any  door,  wiihoui  any  owje  (« 
one  crack,  o^renetn  tiny  door  or  gale."     A  Mtnilsr  d^vicv  is  i^uotvd  bj 
Wilkiiui  from  Jlanielli,  thus:   "A  little  pockel  eneinv  wherewith  ■  sm 
may  break  or  wrench  open   any  door/'     (Math.  Magic,  book  i.  chap, 
firat  published  in  1618.)     Ag^o — "  An  instrumont   whereby  nn  ijnui 
person  may  take  any  thing  in  perspecu»e  as  justly  nud  morr  than  the 
fullest  painter  tan  do  by  tbo  eye."     Probably  Uw  camem  ol«wtir»,  wh 
BajitiHt  Porta  had  desciibcd,  about  u  century  boforc,  in  hit  Nntural  Ma 
8vv  pa^  3t>'l  of  t)ie  English  translntion  of  165S,  and  «!«■>  Fltuhi'*  .Vu/v 
Simia  »fw  'IWhnka,  1618,  p*g«  308,   for  another  modtr.     No.  29 
Oontury  reUtva  to  "A  movoablif  fortification^^a  conipli;t<;t  aa  a  r«, 
witli  Imlf-mooiM  and  vourtv^rscarpK."     Such  a  om*   i»   Rgimij   i 
Simia.     li  it  of  a  triangiiUr  form,  wiib  hrvasi  works  and  cAtioun 
along  two  sides.      The  whttlo  i«  made  of  thirk.  tiin!»^r  clamp*^ 
and  moved  by  homes,  which  are  yoked  to  a  '""g  [x'lf  "r  mut^ 
port«d  on    wfweU   ami  allnclied  lo  ihf  rear  or  ba»4*  of  the  trian){te,  m 
to  lie  out  of  the  reach  of  ohot  from  l>ie  etiumy.      The  horaeii  hare  ih 
fanva  to  the  foniticutJon,  just  as  if  yoked  to  the  pole  of  a  common  carriift 
and  fronting  it-— or,  according  to  the  old  saying,  "  the  cart  is  put  befim 
the  horse." 

His  modes  of  discotmung  by  knotted  stringx,  gloves,  sieres,  !anli:ru^ 
tec.  nm  similar  lo  nOiem  mentioned  in  the  Nnruml  Magic  of  Porta,  and  in 
Other  works.  Wilkliis's  ijeurut  and  Swift  Messenger  also  contwm  madi 
curious  information  on  Hucb  subj<«cts.  Several  nurobcrt  of  lh«  CenDDj 
relate  to  rtrpeutint;  guns.  These,  as  is  well  known,  exercised  ihewmoT 
inventors  lung  befure  his  Lime.  Porta,  in  hie  Magic,  book  xii,  snraks  of 
"  great  and  bund  gum,  disebargud  ten  times"  oIuioUKh  loaded  but  oact, 
Tbey  are  even  of  much  older  date.  Soenetimca  aewrol  Imrrvlt  vrtm  joined 
togetlier.  The  "  aridimeucal  iiistruinent,  whereby  persons  igtmnal  uf 
anthmetJc  may  pcrfectlv  observr  numerations  and  subiractioui  of  sll  mim 
and  fractions."  was  in  all  jimbability  the  abacus,  or  Cliinece  inr>an-j>am,  oam 
used  in  schouls.  ^^ 

Flying  and  diving,  also  meiitioiied  bv'  him,  have  occupied  the  ingrnnj^H 
of  iRTentors  in  every  age.  Cornelius  Drubble  constructed  a  diving-viidi^^ 
which  was  propelled  by  oars  worked  through  openings  in  the  sides.  fAofl 
conical  tubes  of  leather,  through  which  the  oars  were  passed,  wen 
nectod  to  the  otwmngs  so  as  to  exclude  the  water ;  hence  tlie  jurnu  i 
what  resembled  tliose  of  ihe  feet  of  a  lorUiiae  when  protruded  from 
shell.  Tlie  vessel  was  lowered  by  admitting  water,  and  riised  by  pun 
ing  it  out.  (The  distance  of  diving-vessels  below  the  surface  is  eaailji 
accurately  a«cert^ned  by  a  curved  tube  containing  a  little  mercury. 
end  being  within  the  vessel  and  the  other  without.)  Charles,  LandLi 
of  He*fe  Ciissel.  hearing  of  Drebble's  diving-ship,  requested  I'apin 
eontrive  one.  Papin'H  machine  is  figured  and  descnoeil  in  die  Qentk^i 
Magazine  for  1717,  page  581.  Drebble's  vessel  did  not  rei]uire  a  coit^ 
supply  of  (resh  air.  for  he  had,  or  pretended  to  have,  an  elixir  m  a  sr 
via),  a  few  drops  of  which  restored  the  vitiated  air  so  as  tu  make  it  sgliH 
fit  for  respiration.  Something  of  lhii»  kind  was  known  even  twfore  D*^^! 
He's  time,  if  we  may  judge  mim  one  of  aavera.!  illutirations  of  dlvin^m 
tie  old  German  traniluion  ot  Vag«Utt*,  X.ti.\6\\..     >k  tmoi  iiV«SiM^  V 
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of  itiiD  alctn  or  oil«cl  nik  Rtuid  olo«e  tn  hw  body,  and  covering  every 

KXcvnr  liU  hood  nnd  hnjids,  is  rpprenvnted  walking  on  the  bo4(oin  of 

IVrr,     In  tiiB  lotV  hand  be  hold*  a  limthpm  H*sk,  through  the  contracted 

urrV.  dT  which  \w  w  dmwing  n  pnrUoii  of  the  contents  with   his  mouth. 

Wilku-ji  dcvuled   a  cbnpler  of  his  MtUh.  Mafpc  to  diving.     He  notice* 

Drf)>tilf'»  mnchincj  uid  many  oth«r  curioui  device*  ;  so  tJial  on  this  sub- 

,  Jtgct  Worct-nlfr  hwl  an  Kbutidance  uf  matomls  and  hints  to  work  npon. 

No.  "'lO  oftht?  Orfntury  rfl.ite*  to  tiorUible  ladders.  A  variety  oi  these 
VTf  (inured  ■>■  t}i«  old  iDiiifilatiuii  of  VrgcUuv  jtist  referred  to.  There  «re 
•f  vornl  (itiier  liiing*  ii;«nii-d  ui  Uie  Centurj-  which  might  be  traced  to  older 
iwur««.'«,  hut  n  I*  mn  iu^e««i»ry  ;  for  Wwrcjiler  has  not,  that  we  nrfi  nware 
of,  ever  clumed  all  rhe  devicr»  he  ha*  named.  He  mentions  two  whoso 
ujiJiar*  hf  recollected,  but  t»  the  iic(x>unl  was  drmwn  up  from  memory,  he 
Could  hinJIy  recall  to  mind  tJiu  iMjurees  whence  ail  were  ijenvril.  He 
uy*  they  were  such  lu  he  cnuld  call  to  mind  tn  huve  Oitd  ni>d  jtrr/rctrd: 
hm  doeii  not  nay  mvenled.  Whde  many  originated  wilii  him(tell!|  other* 
wore  »nch  u  he  improved  only.  That  be  bad  sources  of  itiforniukni 
'  wltlcl)  hare  not  1^eeu  discovenu,  there  cau  t>c  little  duubL  Of  the  thou.- 
wnda  of  old  treatises  on  the  "  ?^lystenes  of  Niuurv  and  Art,"  a  suple  sub- 

S'  "Ci,  and  title  iix>,  from  Roger  Bacon  to  Moxoii,  how  few  are  extimit 
UI  9ome  will  perhaps  yet  be  met  w!U)  on  tiie  shelves  of  antiiiuaries  aiid 
Itke  Uivers  of  old  bnolu  <ii  Europe. 

Those  numbers  of  the  Century  which  relate  to  steam  are  68, 98, 99  and 
100;  but  it  IS  in  OlS  only  ibat  steam  is  clesrly  indicated.  The  device  it 
nuned  "a  fire  water  work,"  and  is  deseribed  in  the  following  mojiner  i 
"An  admimble  ^nd  most  forcible  way  to  drive  up  water  I»y  Hre,  not  by 
drawing  or  «ui;king  it  upwards,  for  that  mutt  be,  as  the  philosopher  calletu 
it,  Inj'ra  wj/Aara/n  actiri/alni,  which  is  but  at  such  a  aistance.  But  this 
way  hitch  no  bounder,  if  die  vessels  be  strong  enough ;  for  I  have  taken  a 
piece  of  a  whole  t^annon,  whereof  the  end  was  burst,  and  tilled  it  three 
quarters  full  of  water,  stopping  and  screwing  up  the  broken  end,  as  also 
the  touch  hole ;  and  making  a  cotistant  fire  under  it,  witbin  twonty-laur 
hours  it  burst,  and  mode  a  great  crnck  : — So  that  having  a  way  to  make 
my  ^fssels,  so  that  they  are  siren^^lhencd  by  the  (brce  within  tliem.  and 
(he  on*>  to  (ill  iifler  the  other,  I  have  seen  the  water  nin  like  a  constant 
fouDtaio  etmun  forty  feel  high.  One  vessel  of  water  rarefied  by  firo 
driveth  up  forty  of  cold  water  ;  and  a  man  that  tends  the  work  is  liut  to 
turn  two  cocks,  that,  one  vessel  of  water  being  consumed,  unoliier  begins 
to  Ibrce  and  rv&ll  with  cold  water,  and  so  successively,  tLe  fire  being 
tended  and  kept  constant,  which  the  selfsame  person  may  likewise  abun- 
dantly perform  in  tbe  interim,  between  the  necessity  of  tunuug  ilie  M)d 
cocks." 

Wc  hen;  see  clearly  wbal  was  meant  by  Ranutcyu  and  otliers  when 
they  spoke  of  ruising  water  b^Jtre,  vix,  that  it  was  l>y  Mieani,  wjuch  the 
ftrr  was  employed  to  v>'educe.  It  will  be  perceived  that  Worcester  does 
not  lierv  claim  to  be  tbe  lirn  to  rainf  water  in  large  quaiiiiiies  in  tliis  man- 
ner, thus  laciily  admitting  that  he  was  aware  of  previous  applications  of 
■leam  for  the  purpottf*.  Had  he  indeed  made  such  a  claim,  bitle  reliance 
conld  havB  liecn  placed  on  hid  staienaentai  but,  tiotwitliitaoding  all  that 
has  been  said  to  Uie  contrary,  wc  have  seen  nothing  in  the  whole  tenor  of 
hU  conduct  \«ith  rcganl  tn  hi*  inventions  lo  shake  our  confidence  in  bia 
waceritv.  In  wnc  reripect  No.  GS  diifers  from  the  rest,  via.  in  the  detail 
with  Svliich  the  device  ia  described  ;  but  this  was  most  likely  designedly 
done,  in  order  ic  show  iin  superiority  over  other  "  fire  water-works,"  and 
lo  point  out  where  it  difl'erea  from  them.     Had  it  been  an  original  idea. 
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tharo  could  hsvo  been  no  mora  ioduoumont  lo  bo  tkut  exulicii  ilitn  wek 
the  rcBt ;  bul  being  uf  ttu.-  H&me  naturu  lu  uthera,  be  wouU  nuimllt  U 
leJ  to  tiutice  ibu  diffuruitcu.  ;:miub  wriivn  are  inotvdulouA  of  hi*  hi*i^ 
av«r  put  it  in  pru(;li<:a,  notwithstanding  his  asitvrtiona.  uid  tbe  p«nical«« 
ba  hiu  spuciHud  :  and  iboj^  turtbur  contonJ  tbat  bis  descnptJoa  wu  M 
DuiHciuntl^  punspiuuuuji  tu  onablo  n  punion  to  moka  iuvh  a  msehhw  in  bii 
ou'D  lime,  uid  is  not  now.  Tu  uviin>>r  of  these  po«itions  out  «•  uhb; 
and  the  loittfr,  if  trutt,  dues  not  sHiJct  iliu  character  of  NVorceitsr.  Mm 
for  varaciiy  or  ingcnuitVt  since  the  uviiwed  Je«ign  of  the  CeUBiy  «■■ 
nuber  tu  enable!  btiiueli  tbun  otliera  lu  re&lixu  Uic  inveniioui  samed. 

The  description  uppeure  nut  only  tliat  uf  a  maohine  in  aecual  usa,  ud 
from  which  a  siinilur  one  might  hn^'u  been  made,  but.  aa  jun  iodiMlaA 
•ome  particulars  arc  tnentiuned  appurendy  with  the  sole  view  of  disOi- 
goishing  it  from  other  devices  of  the  same  kind.     Had  be  giren  a  fipm 
we  should  have  learnt  more  of  the  details,  but  not  of  the  geoenl  pha 
The  nature  of  the  fbrce  employed  (the  expansive  power  of  RauB]  hi 
■bows  in  the  clearest  light ;  and  its  irresistible  enec^  is  admirably  illn*- 
iraied  by  bursting  tbe  cannon:  iitdeed,  he  oould  not  pmtibly  bsvc  » 
lectud  any  thing  Getter  adapted  fur  the  purpose.     Few  writers  hoiwwi 
believe  tbe  experiment  was  ever  made,  from  the  seeming  dlfficukjof 
clooing  tbe  broken  end — a  circumstance  which,  perhaps  more  thaa  Mgf 
other,  hiu  ted  people  lu  doubt  tltu  accuracy  ofotber  of  hustatemeiiu:  sad 
it  must  be  admitted  tbat  if  he  is  not  tu  be  believed  in  thia,  hisaasenioMii 
general  must  be  received  widi  great  caution.     But  what  great  difficnln 
afler  all  was  (here  in  driving  u  plug  tight  into  the  smoothly  bored  aliknn 
broken  end  of  a  cannon,  and  tecunug  ibe  plug  eflectually  in  its  pliM^  vj 
iron  straps  a.nd  screws   rouod  cbe  trunnions  T     Lest  tbe  idea  of  tUagtr 
should  bv  connected  wnlh  hi^  appsratua  in  the   public   mind,  }\^  mnutki 
chat  he  bod  a  way  of  provcnliog   \\\a  vessels  from  being  exploded.    H* 
mentiunA  at  least  three  vesiela ;  one,  a  boiler  in  which  to  gonerata  Msm 
the  others,  lo  receive  iho  water  previously  tu  its  W-ir^  ruaed.    A  si>fnntr 
boiler  shows  that  the  apparatus  wu  a  modification  of  Porta's  and  Kir  i  ' 
(No9.  187,  190)^-and  lost  any  one  should  suppoae  that  tbe  water  Ud> .. 
quired  to  bo  heated  before  it  was  clovntcd,  he  states  distinctly  thatii  wsi 
not :  hence  his  device  bore  no  resemblance  to  that  of  Dccaus,  (No.  188)— 
M  far  from  it  that  the  boiler,  or  "  one  vessel  rarefied  by  firo,"  foiefd  wf 
Jwig  limea  its  contents  "  of  «vM  water."     It  appt^fil-s  that  tbe  water  wii 
raised  fony  feet  only  ;  perhaps  being  limited  to  that  height  by  luoal  ci^ 
eumstancos,  or  by  the  building  in  which  the  upparatus  was  erected.    Th*  | 
presauru  of  steam  in  his  boiler  did  not  therefore  much  exceed  30tba  im 
the  inch.     As  the  elevation  exooedcd  that  to  which  the  liqaid   otrald  ba 
raised  by  atmospheric  pressure,  he  also  takes  occasion  to  notioe  disnioiljr 
thni  it  was  not  done  by  sucking ;  and  in  this  he  po««ibly  may  atlihlo  to 
eomc  such  modes  of  raising  water,  via.  by  using  tbe  aiaam  only  to  prodvai 
a  vacuum,  and  to  show  the  difference  ;  for,  by  employing  iu  elacoe  fem^ 
he  could  raise  water  eA  ont  Ufi  to  any  height,  and  his  appanutu,  B 
of  a  limited  application,  was  ad%ptod  to  mines  and  pits  of  ei 
and  hence  he  appropriately  names  it  "  a  monJiorcihU  way."  Tbe  < 
Tinsels  wore  charged  or  nllcd  *'  one  after  another,"  and   the  stream 
charged  from  them  vn*  uninterrupted.     One  perwm  only  was  rei|airMl^ 
attend  to  the  firo  under  the  boiler  and  "  to  tarn  two  cocks,"  i.  e.  to  admu 
steam  alternately  into  each  receiver,  so  that  when  one  was  "  consumed  " 
or  emplied,  the  contents  of  ihe   other  hu^n  tn  "  force  "  or  be  forced  up, 
and  the  empty  one  tu  "  fill  "  or  be  refilled  with  cold  water,  "  and  so  soe- 
cewi»'ely."     Tlie  vessels  vKcna  Wge.  ot  ttu«V.a.\««v%  utda  w  Si&  •iam^ 
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tbp  man  had  obonduit  time  lo  aUend  Uie  fire  in  tb«  inieiT«U  of  luni- 
ff  the  cofllAi 

rfotwithstatKltTtg  t)ie  comnnpheoBtre  sketch  thai  Worcester  has  given 
if  thin  mnrhitie,  n  variety  nrnpimon«  prevails  respecting  same  of  tia  puts, 
'  Uip  arran^ment  of  the  whole.  In  (hmte  rp8pe«ltB  sc&roely  two  wriien 
f.  while  some  dill'cr  widely.  Sotno  have  supposed  il  to  have  con»Mvd 
o  eclipiles,  hke  those  of  Heron  or  Decaue,  (Nos.  179  and  18S)  con- 
cted  u>  one  tuccncling  pipe.  (sve'Cralloway  on  ihe  Steam-EDgine] — aii 
dea,  wo  think,  entirely  out  oi'  the  way,  since  such  a  plan  would  po38««a 
ilhor  "  merit "  nor  "  originality,"  which  the  writer  just  namoU  accorda 
Worcester's  device.  I(  is  moreover  opposed  to  the  description  given, 
ivhich  expressly  states  that  the  contents  of  one  vevsel  rarefied  by  lire, 
iriveih  up  forty  of  coW  water;  whereas,  by  ihe  «uppused  constructioii, 
tli  the  water  most  have  been  heated  to  the  boiling  point  before  it  could 
lave  been  elevated  at  all,  and  to  a  terapemiure  still  higher  before  it  waa 
wsed  forty  leeL  * 

The  principal  point  undeLennlned  ia  the  mode  by  which  the  receivers 
re  enorged.     Were  they  so  placed  that  (be  water  flawed  into  ihcin 
hroiigl)  a  pipe  and  cock  ?    Or,  wen;  they  wlioUy  Jmniersed  in  the  tank, 
ell  or  pond,  and  furtusbed  with  valves  opening  inwards  for  the  admis- 
ion  of  the  liquid,  and  to  prevent  il«  return  wbun   the  ste&tn  wus  tumod 
nV     Or,  were  ihey  placed  abovr  the  Mater,  and  charged  by  atniOKpheric 
laaure  I     The  first  and  second  modes  have   been   suggested,  because 
ter  says  be  did  not  raise  the  liquid  by  "  suckiiig ;"   but  il  dooa  not 
that  he  meant  any  thine  more  tlian  that  the  cuutviila  uf  thu  receivers 
not  expelled  from  tliem  in   lliis    way.     As   the  elevation   lo   which 
ir  cuuld  be  raised  at  one  lift  by  hie  mucliine   was  only   limited   by  the 
of  the  vessels,  he  very  iiatumlly  observed,  to  reninve  uii  objectinn 
le  foresaw  might  be  made  to  his  utw^Tiiou.  iluu  this  wu«  nolet!t>ctcd 
iucking,  but  by  Ibmng  the  lit|uid  up.    Hia  plan  bears  the  •ams  relation 
n  forcing  pump,  aa  using  steam  to  prudueo  a  vacuum  in  a  rveeirer  doea 
a  auckiug  one ;  and  in  disiinguiahiug  between  Lhe  two  appticationa  of 
vapur  tu  raise  water,  viz.  by  its  condensation  and  ita  expansion,  he 
tb«  same  terms  that  we  do  to  show  the  difference  between  thu  two 
umenta  just  named.    Of  a  forcing  pump  we  aay,  it  docs  not  raiaa 
T  by  aiiDOSplieric  prcasure,  but  in  nppo«tuou  to  it ;  and  that  the  vlc- 
n  ia  only  limited  by  ihe  strength  of  the  materials  and  the  power  em- 
ryed  :  now  every  person  aci^uninifd  with  the  «nbjeci  knows,  tiiai  ic  is 
pulsion  of  lhe  wmpr  fmm  the  cylinder  that  is  reiorred  to,  not  the 
of  filling  it;  for  nImoHt  invariably  are  the  vcAsels   or  cylinders  of 
ig  pumps  charg*>d  by  sucking,  and  ao  they  wore  in  Wnrcestor's  time, 
the  reoctver*  wnr<?  placn>J   iii^ltiw  ilm  reservoir   that  supplied  litem, 
«  fed  from  it  hy  a  pipe,  thun  ilx  there  were  hut  two  cocks  used, 
<M  bavo  been  aurh  ob  are  known  hy  lhe  term  "  three-way,"— o no 
lo  aunitly  nieam  In  each  of  tJie   receivers,  and   t)io  otlier  water. 
I  no  dimculty  in  admitting  this,  for  both  tlirce  and  four  way  corks 
UTB  in  u#i"   ages   bfifore  Worce-iter'a  days.     They  are  dewribed  in  the 
ipiritalui,  (pmblem  31)  in  [fe^ion'a  Theatre,  Fladd  a  Eitnita,  {see  our  I60ih 
ustratiiin,  page  3Ai)  Oninam's  Reereadone,  and  in  several  other  old  su> 
ora.     One  form  of  thorn  is  aeen  at  page  421.     Tarernier  found,  in  hatha 
the  eAM,  cocks  M'hich  at  the  same  mouth  supplied  "either  hoi  water  or 
1."  ( ilclalion  of  the  Seraglio)  and  they  arc  described  and  figured  in  tlia 
urcibbt  Mfivemenis  of  Decaus :  thus  prop  xix  of  Leak'a  translation  ia 
i'  with  four  vents."  and  its  application  is  shown  in  a  selFaeiiTig 

.(■  Engine."     M.  Arogn  u  tnerefore  greatly  misiukeni  in  bit 
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History  of  the  Steam- Engine,  ia  attributing  ibo  iavsolivn  uf  tlic  ftMU-wij 
cock  to  Fupii).  In  biii  zeal  Co  conier  honur  on  tbp  |i|iilu»iip|br  uf  filoii 
hti  iruulvci'tuiitly  overlooked  Uie  old  eogincvr  uf  Normandy. 

This  plivn  of  ijupplviiig    Worc^'stor's   rucvivcrs   ■»   C(.'nmnl^    Tar  mon 

Srobftble  thoii  that  of  Durying  thorn  in  tht>  watvr  tiicy  wcrv  to  raite.  Ig. 
eed,  wo  cannut  perceive  how  the  Utter  could  answer  at  all,  as  tW  Mmb 
would  be  condensed  hy  the  surrounding  mcthuiu  almosi  as  fast  at  it 
Uimd  thu  receivers  ;  so  that  mstciui  of  "  uno  vossel  of  water  rare&ed 
Gru  "  driving  up  forty  of  cold  water,  it  would  hardly  be  able  to  dnve  i 
any.  U  appears  to  us  impossible  for  ingenuity  to  suggvst  a  wone  pi 
and  yet  several  wniers  have  adopted  it.*  As  u  proof  that  Wotretcerh 
an  engine  at  work  somewhat  siinilur  to  the?  pne  referred  to  in  bis  €Slli 
proposiliou.  the  Jbllowiiig  extract  froto  the  Journal  of  Cosnto  de  Medicu, 
who  visited  England  in  the  17tb  century,  has  been  adduced:  "Hit  lii|;l>- 
ue«6,  that  he  niigbt  not  lose  the  day  uselessly,  went  again,  after  duuicr,  U) 
che  other  side  of  the  city,  extending  his  excursion  as  far  as  Vauxhail.  bt- 
yond  the  palace  of  (he  Archbishup  uf  Canterbury,  to  see  an  hydraulic 
machine  invented  by  my  Lord  Somvrsol,  Martjuis  of  Worcester.  It  laiiei 
water  more  than  forty  geometrical  foot,  bv  the  power  of  one  maa»iilj; 
and  in  a  vvry  short  spaoe  of  time  will  araw  up  four  vessels  of  water 
through  a  tube  or  channel  not  moro  than  a  span  in  width;  on  whkb  t»- 
count  it  is  considered  to  be  of  groater  service  to  the  public  than  the  other 
machine  near  Som<.-rsut-Hou«e."  Now  if  tliii  engine  for  raisuig  wiw 
from  the  Thames,  acid  which  was  managed  by  onu  man,  was  move<i  ' 
•team — and  it  probubly  wa*— w«  may  rest  assured  thai  Worcester  - 
bettor  how  to  ch«rgtr  his  recmveni  than  by  immersing  them  in  the 
or  in  any  tank  supplied  from  it.  Had  he  donu  so,  the  machine  t 
never  have  been  "considered  aC  grvuer  tervice  fo  tAe  jmiUc "  than  A»' 
engine  oi  litimerset-Uuuse,  which  was  worked  by  boraei,  and  ditaribmed 
water  over  "  a  great  pan  of  the  city."  (This  lost  eoffine  auMt  likely  OM- 
sisu-'d  of  pumps,  such  as  wore  erected  by  Bulmcr  in  1594.  See  page  S91) 
Aajbur  vesaeU  arv  hem  mentioned,  there  were  probably  that  number  of 
receivers  craployud. 

•  It  would  be  strange  if  Worcester's  receiving  vossuU  were  not  dureerf 
by  atmosphcnc  pressure,  considering  the  examples  ho  had  befon  hHB, 
To  aay  nolliing  uf  this  well  known  mode  of  charging  eolipilea.  and  ocbef 
veosels  represented  in  the  !?pirilalia,  (see  173  and  177  of  our  iUustnttoi 
both  Porta  and  Kludd  exhibited  experiments  expressly  to  sWw  bow  ' 
is  raised  into  a  vacuum  formed  by  the  condensation  of  vapor,  (page  K 
and  Decaus  gives  such  striking  applications  of  it  (page  3S0J  thai  XV'orri! 
never  could,  wiOi  a  knowledge  ol  these,  have  plunged  his  reoetveni  < 
water.  But  was  he  aoquaintod  with  the  writings  of  tbeae  meD  t  Uc 
tionably  he  was.  There  is  evidence  in  the  Century  that  he  ei 
every  source  of  information,  both  at  hotoe  and  abroad,  and  with  an  ea^tf- 
ness  that  has  perhaps  seldom  been  oquallcd ;  and  then  tm  jtersoo  b«d  groUKr 
facilities  for  ascertaining  what  had  licen  accomplished.  He  was  DOI  a  maa 
to  set  about  devising  new  mddea  of  raising  waier  while  igaormnt  of  old 
ones,  or  without  perusing  those  writings  which  treated  directly  or  indi- 
rectly upon  the  subject.     Of  all  his  nMaarcbaa,  this  of  rwaiag  water  was 


■  8tt«  Milttnfton'i  Kpitoias  of  Philoaophr.  and  Stuart's  D«eriptiv«  UmaryarAs 
B«nn-Eii«in*  TTif  Imi  aamwl  writer  spsaks  hswarsr  vsry  HtknaOj  hi  lik  voImUs 
*■  AssedotB  of  ili«  SHan-Eniias."  Punher  talauin  eMniaoad  Ub  diu  IViian— - 
was  •oiMlhiDg  laoio  ibon  a  mulstsii.  atid  tka  nisckiM  ia  fiisMliofl  vmty  anlika  ihs  i 
ffprswnfsd  in  hw  pr«vioi»  wortL 
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unong  the  earlteal  and  must  favorite,  as  it  was  the  la«t  and  mMt  ifflpnrurti ; 
and  it  was  nn|Ki«siblc  for  him  and  KaluifFlo  have  iiprtil  so  manv  ^eara  ns 
Uicy  (ltd  on  tlua  atid  other  aubj<^ctfl,  M*ithoul  improving  old  devic<-s  and 
biiroduciae  new  oao».  Thtrn  he  wan  most  likely  acquainted  with  tht*  ma* 
ubinei  of  Bacon,  and  with  lliose  of  Ramseyc,  and  wilh  Ranue)re  himself, 
knd  Buahell  loo;  and  alsu  witJi  the  engine  of  motion  noticed  in  ih«  last 
diapter,  of  which  he  was  possihiy  hotti  the  inventor  and  deserilxrr.  So 
far  therefore  from  Worcester's  mnclitne  beinff  imperfect,  aa  some  urilnrs 
have  Buppoiied,  we  are  justilied  iti  believing  il  was  tHperior  in  iu  general 
pbiQ,  and  in  the  arrangement  and  execution  of  its  several  pan»,  to  em*/ 
ilt*ng  lhr»  extant,  or  previously  proposed. 

It  would  he  easy  Lo  devise  a  macliine  corrcspondinff  wilh  these  remarV* 
nd  coinciding  with  the  Manjuis'a  account;  hut  the  mtelligent  readvr  ia 
ware  that  it  would  lie  suhalaiitiaUy  the  Nune  as  Savcry's.    It  is  surprising 
that  some  authors  liave  suppoaed  Worcester  could  not  have  filled  hiK  ¥««• 

la  by  atmospheric  pressure,  because,  say  they,  the  produclJun  uf  a  vacuum 
by  the  cor.denMtion   of  steam    was   not  then   known,  "  nor  even  ttioughc 

."  But  )uch  writers  were  not  aware  of  the  experimeiiu  of  Porta,  and 
ibny  forgot  the  employment  of  eulipile*.  It  has  also  been  «aid  lliot  a  ma- 
chine as  perfect  as  Savery's,  and  one  in  which  steam  acted  on  a  pisloOi 
was  beyond  the  state  of  the  arts  in  Worcester's  days.  The  Century  of 
Invenliuni)  is  a  proof  to  the  contrary,  and  so  is  the  Collection  of  Serviere. 
£very  problem  m  the  one,  and  every  device  in  the  other,  indicates  ^reu 
excellence  of  design  and  ability  of  execution  ;  and  both  are  replete  with 
proofs  of  mechanical  skill  as  well  aa  fertility  of  invention. 

To  realize  Worcester's  machine,  it  is  contended  that  we  roust  depend 
upon  what  he  has  said,  and  ou  nothing  more.  But  those  who  prescribe 
ibis  rule  do  not  themselves  adhere  to  it ;  and  by  following  it,  posterity 
eould  hardly  comprehend  a  modern  device  from  its  modern  descriplion. 
'As  Worcester  has  not  mentioned  pipes  or  valves,  neither  of  those  esaenltal 
elements  of  his  apparatus  coutd,  by  such  a  rule,  be  admitted  :  and  if  his 
Words  are  to  be  construed  literally,  be  employed  two  score  of  receivers  ; 
and  these  were  also  elevated  ss  Well  be  the  water  within  them :  "  one 
vessel  of  water  rare6ed  by  fire  drivetb  up  forty  [vessels]  orcold  water," 
By  the  same  rule  it  was  the  boiler,  not  the  steam  within  it.  (he  never  men- 
liotu  steam)  that  drove  them  up,  Then  there  is  the  condcnjatton  of  the 
Rieam  in  a  receiver,  after  expelling  the  Iiijuid,  which  is  also  not  mcDttoncd ; 
and  of  course  the  vessel  could  not  again  be  tilled  unid  i)us  had  taken  place. 
Oo  the  same  priiund,  a  cock,  tunnel  and  pipe  or  pump  tu  ft-vd  the  boiler, 
■ad  a  fumace-door  and  grate  bars,  might  be  cousiderud  gratuitous  addi- 
Uoiw,  since  none  of  them  are  mentioned. 

Perhaps  the  most  obscure  pan  of  the  6Bih  problem,  is  that  which  relates 
to  etrengtbeninff  the  vessels  "by  the  force  vrithm  ihcm."  Some  persona 
mippase  this  refers  to  the  figure  of  the  ves6uls~-oihcrs.  to  interior  braces. 
The  latter  is  the  most  reuonable,  but  sucius  hardly  ruconcilable  with  the 
tht?  text,  smre  the  same  term  \/vne)  ts  used  bb  tml  by  which  the  active 
power  which  rem  ilie  gun  ta  designated. 

Notwithstanding  the  ambiguous  mamnur  tu  which  Worci-sier  drew  up 
bia  Century  of  Inventions,  there  arc  Hii-ong  indicatlona  of  his  having  im- 
'  iHition  tn  a  piston  by  ateam,  and  thai  upon   thia   he  depended  for 

iiwn  to  posterity.  This  was  the  crown  of  his  glory  an  an  inventor 
— tlir  primary  eleroeni  in  the  "semi-omnipotcni  engine,"  whtrli  Kupporiitd 
him  uiificT  the  contumely  and  neglect  that  he  met  with.  Unfortunately 
fur  fji*  f-xmc,  the  9iatfl  of  the  arts  was  not  suffu.imtly  iidviuict-d  tu  conviiMie 
his  i^onli-inporariee  of  the  importance  of  "  the  great  tnat.Vi\twi,"  wA\VNiua 
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left  for  a  futaro  ego  to  tdofC  It  doe*  not  appew  ei{uslly  clear  that  bt 
waa  tho  first  thus  tu  um  atuam.  Prom  Uit>  deecriptiuD  of  llie  eugiiH<  L-f 
motion  monLiuncil at  psgu  423,  aotl  Uiti  dtiniaudlillli  devices  iu  RouiM-^t-') 
patent,  it  would  seem  that  a  workiug  cylinder  bad  been  ia  previous  usv; 
nor  do  wti  mv  how  tlie  experimenters  of  the  17tb  and  previous  cvnlwMii^j 
when  seeking  for  rnodea  of  employing  steam  as  a  tnodve  agent,  could  rIm  ^H; 
any  more  tlian  Uioir  successors.     It  is  one  of  ihose  devjooa  that  wuuld  M^^ 


detected  by  such  men  iti  every  age.  just  as  it  has  been  by  ihv  auktrra  uf 
pumps  and  piston  bellows.     IHudd,  Hoell,  Belidor  and  Wvst|;anh,  sl^^ 
employed  a  piston  and  cylinder  in  pressure  eueinea ;   and  snni«  of  ibei^H 


were  not  aware  of  their  having  been  employed  Ijvforv  in  such  machiii<«' 
Guerricke,  Fapia  and  Newconwo  at  once  adopted  thcmi  in  aimusptMinc  eti- 
gines,  Hautefeiiilie  in  explosive  engines,  and  W»tt  and  wlJitirs  in  thusu  ino»wi 
hy  steam  ;  and  why  not  Oaray,  Kunseyo  and  Worc^tur  ?  And  even  the 
troublesome  neighbor  of  Zeno  also  I  It  reuuirml  im  great  ngitcity  ^Hi 
Woroesler  to  apply  stvam  to  move  the  loaded  piston  in  Ftudd'a  prmaoi^^l 
enginfj,  (page  ^fA)  and  su  simplti  an  idea  could  hardly  escape  him  aiW 
be  had  turtiud  his  utUtntion  to  impart  motion  tiy  atMitti.  Indeud,  htf  uiu 
an  expression  which  implies  th«t  ii  was  a  Ivadvd  piston  to  which  hn  gave 
motion.  Uiit  evt^n  if  this  idtw  escaped  both  llviniwyu  and  Worcester,  ibc 
apparatus  of  Uuerricke  so  cl««rly  «xhil)it4xl  thn  mode  of  applying  stAam 
to  mow  It  piston,  that  tin  latter  could  not  poasibly  have  remained 
longer  ignorant  of  it. 

When  thv  Uirmt  following  propoaitions  in  the  Century  are  duly  < 
ed,  cviirycaiiilid  mind  will,  we  think,  admit  that  he  was  really  in| 
of  an  engine  similar   to   I.f«opold's,  or  to  Newcomen's,  or  to 
acting  oni*  of  Wnll  :-^ 

"  93.  An  engine,  so  contnvud,  that  wurkins  the  primmm  moMe  fiirwa/d 
or  backward,  upward  or  downward,  circularly  or  oomerwiM,  to  and  fro, 
Btreight,  upright,  or  dowiin^;ht,  yet  the  pretendod  operuion  coniinontk, 
and  advaiiceili,  none  of  the  motions  abuve-meiKioiMd  oindering,  inucb  Icsi 
stop^g,  the  othe r ;  but  unanimously  and  with  harmony  agreeing,  tba; 
all  augment  and  contribute  strength  unto  tlie  intended  work  ami  upafl- 
Don;  and,  therefore,  I  call  this  a  lemi-vmnipoUnt  engine,  and  do  iuaad 
that  a  model  thereof  be  buried  with  me. 

"  99.  How  to  make  one  pound  weight  to  raise  an  hutKlred  as  high  as 
one  pound  falleth,  and  yel  the  houdreu  pound  descending  doth   what  aa^ 
thing  less  than  one  hundred  pound  can  effect. 

"  100.   Upon  so  potent  a  help  as  these  two  laat-mendoned  invontwiMiJ 
water<work  is,  by  many  years  experience  and  labor,  ao  advantageoaa 
by  me  contrived,  that  a  child's   force  brinseth  up,  an  hundred  foot  hie 
an  incredible  quantity  of  water,  even  two  foot  diameter,  so  natunlly,  u 
tbe  work  will  not  be  heard,  even  into  the  next  room ;  and  with  so  gnat 
ease  and  c^ometrical  symmetry,  that  thuugh  it  work  day  and  night.  TnJiB 
one  end  oflht!  year  to  the  other,  it  wili  not  rccjutne  forty  ahillings  r 
tion  lu  tbe  whole  engine,  nor  hinder  one  day's  work;  and   1  may 
call  it  thf  most  ntti|>endous  work  in  the  whnie  world  :  not  only,  witJi^ 
charge,  to  rlrain  all  sort*  of  mines,  and  furnish  citioa  with  w»ter,  thogi 
never  so  high  scaled,  as  well  as  to   keep   them  sweet,   running  throv 
seviral  streets,  nnd  so  performing  the  work  nf  scavengers,  as  welJ  as  I 
nishinf^  the  inhabitants  with  suAicicnt  wnti'r  for  thc-ir   private  occasions  ; 
but  likfwiso  supplying  rivers  with  suffictenl  to  maintain  and  make  litem 
portahle  from  lowo  to  town,  and  far  the  betlenng  of  lands  nil  th«  wnv  it 
mas;  with  many  more  adraniageous  and  yet  greuter  effects  af  profit  m' 
jnirable  Mi>d  conse<)uence.    ^  vbat.  AeM,rN«^\-j  \  ^nem  <itA%  m-vtniwM. ' 


that 


t  ailw^ 
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iWn  my  lalxnim,  to  rcwanl  my  expencei,  nnd  make  luy  tfaoughis  ictjui- 
in  wiv  .,(  Turth'tr  invDnlious ;  thii  making  up  the  whole  century.  uiiJ 
y  further  (rouble  to  the  reader  for  ihe  |)res«iit,  mvaning  to 
nLy  «  Ijrwik.  tt-hi?r*jin,  under  eacli  of  these  headi,  l\iv  meuis  to 
extN:uti(>n.  nnd  visible  trial,  all  and  every  of  tlieae  invenuou»,  with 
|M>  jind  form  of  all  tbings  behragiiig  to  them,  shall  be  printed  b^ 
•  pUtwit." 
To  au  or<linary  reader  kll  tbia  appears  preposterous,  nor  wiihoai  the 
oan  any  Mtiaractory  intorpreiauon  be  given.  The  6rsi  kcems  incre- 
t,  the  MTCond  impouible,  and  the  third  a  proof  of  mental  alienation. 
in  coiiatdering  tliem  it  should  be  kept  in  mind,  that  Worcester's  design 
to  expliun  the  effects  and  uses  of  the  mechanism  he  here  refers  to, 
at  lh«  twmf  tiine  to  ctmcwti  the  moving  principle.  Tlua  he  iioa  accom- 
iliali«d  in  the  happiest  manner ;  and  in  dumg  it,  hit«  furnislied  a.  specimen 
ingenuity,  and  of  the  fertility  of  his  genius,  almost  eijual  to  the  mveu- 
tlwmMlveB.  Thi!  three  problems  certainly  refer  to  a  oylindncal 
ngine  raising  water  by  means  of  a  pump.  In  No.  03  no  speaks 
only :  this  was  rbe  f/rimum  mobtle  whose  effect  "wm  the  MUne  in 
vvr  direction  it  was  conveyed  tn  the  piston  ;  i.  e.  whether  through 
idtng,  dnBcending,  curved,  angular  or  straight  tubes,  ur  through  a 
N.T  of  them  mectins^  in  the  cyhnder  from  erery  imaginable  direction  ; 
•tviun  from  one  not  interfering  with,  or  being  counteracted  by,  tlial 
m  utiiers.  but  the  whole  "  unanimously  and  with  honnaiiy  agreeing, 
ly  all  augment  and  contribute  atrengtli  unto  the  intended  work  nncl 
tion,"  vix,  in  pushing  the  piaton  along.  It  soums  tuiposaiblo  fur 
orcusUT  to  have  Helectpd  a  feature  of  aeriform  fluids  buUer  adapted 
his  purpose,  or  to  have  made  use  of  it  mora  skillfully,  lu  fonutiiliog 
OlBaniog  by  rtddles.  he  seems  to  have  equalled  the  most  uxpurl  aniuQg 
•ncientJt*  In  No.  99  hn  pUys  in  a  similar  stylo  upon  the  jnattm,  una 
coutriv(.-d  with  admirable  tact  to  contradict  (appttrvnilv)  un«  uf  the 
I  palpable  maxima  in  meirhAnlcs,  and  thus  to  divert  pr^'lng  curioeity 
«  wrong  track.  The  piston  n*BS  aituchcd  by  iia  rod  to  one  end  of  a. 
ing-b«tm,  nijd  a  loaded  pump-rod  lu  the  other,  ao  that  when  the 
team  waa  turned  on,  the  small  piston  (which  he  compare*  to  one  pound) 
ushod  down,  and  consequently  the  heavy  pump-rod,  or  the  water 
by  It,  ^compared  to  a  hundred  pouodii)  elevated  "as  high  as  the 
and  £uli<lh."  In  No.  100  he  opens  his  view«  still  further  by  slatiag 
a  yoeter-work,  for  draining  "  all  soru  of  mines,  and  furnishing  cities 
Wiih  abundance  of  water,  though  never  m  high  seated."  nnd  thai  iu  action 
depended  upon  the  two  loAt  mentioned  invention*  (Nos.  98  and  99.)  In 
other  words,  he  here  contemplates  the  pump  and  sieiun-engino  as  a  whole ; 
bot  lest  the  device  should  be  too  easily  apprehended,  he  throws  in  a  dash 
of  the  enigmatical,  declaring  It  was  so  contrived  "  that  a  cKUA't  force 
mBgeth  up,  un  hundred  foot  high,  an  incredi)>)e  <:{imntiiy  of  water,  even 
«  oolumnj  two  foot  diameter ;"  that  ia,  a  child  couM  by  a  lever  open  and 
close  the  cocks,  or  valves,  by  which  stcnm  wii*  admitiod  into  the  cylinder. 
The  unifurmity  of  the  movements  of  a  steam-engine,  and  the  Utile  noise 
■PentKng  them, — ili  working  incessantly  night  and  day,  and  tlie  trifling 
BXpenao  re<)uired  to  keep  it  in  repair,  are  now  well  undersUXKj. 


•  Of  anciirni  riiMlM,  tlul  of  llio  BphTiu  h  one  of  the  hnI««I.     Whal  BtiiniBl  J*  it  Uiat 
urolk*  an  fbar  \vr»  in  thf  mnnncK.  oii  IHO  ■(  aaon,  anil  on  tfan*e  in  Ibe  evvuiii^  '   CEdipui 

EiL  lu  anuu«l.  \w  Mill,  wu  nunt,  hIio  oi  ih*  momiiig  af  \tt<a  (in  infancjr) 
ta  haadi  ■ml  &i«L  si  Um  nvon  of  life  walked  eraci,  soil  in  th«  eveiiin^  gf  his 
\nti  Unaeirwilfa  a  Mek. 
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Nothing  more  \t  uecessftry  to  convince  u*  tluit  Worcefter  her*  ■[: 
of  a  st«am-«jiiginv  working  m  pump.  No  otWr  Mjlutiott  can  be  gtvnn 
Otbor  conclusion  arrivRcI  nt.  Nu  one  could  have  written  wnrl  apoken  u  bf  ' 
hiw  done  without  having  either  MN>n  or  poaseMcd  a  aleain  engine.  Of  at 
value  lie  wiu  TuDy  aware;  for  in  the  patent  granted  hy  Parlument  m 
1663  to  hinuelf  and  hid  hein  for  the  long  tenn  of  ninety  yean,  thu«e  wbo 
pimted  the  invitnUon  were  to  forfeit  live  pounds  for  ePtrt/  hour  they  tuni 
iL  He  telU  us  that  it  was  the  result  of  "  many  yean  expeneocc  ami 
labor,"  and  when  it  was  complete,  he  poured  out  his  feelinga  in  an  aj- 
tlress  to  the  Deity,  a  copy  of  which  was  found  among  htfl' papers,  mtttlod 
"  The  Lord  Martjuis  of  Worcester's  ejacululory  and  extemporary  thanks- 
giving prayer,  when  first  with  hie  corporc-al  eya  Itc  did  see  Hnishcid  a 
parfoct  trial  of  bis  water-commanding  engine,  delightful  and  iiwful  v 
wkooMoevcr  halh  in  recommendation  either  knowledge,  pnilit  or  pleasure.^ 
Con  any  one  suppose  be  here  was  mocking  bis  Creator,  when,  tn  the  pri- 
vacy of  his  closet,  he  prayed  tbat  be  might  not  be  "  puSed  up  "  with  tk* 
knowledge  of  this  great  machine,  and  returned  thanks  next  to  hiscntisbna 
UiJ  redemption  "  for  an  Insight  into  so  great  a  secret  of  iwlure,"  and  finallj 
dMired  no  greater  monument  thau  to  have  one  buried  with  him  1 
men  have  lost  their  reason  by  the  excitement  attending  iheir  discovo 
Pythagoroft  offered  a  hecatomb  to  the  gods,  and  Archimedes  ran  ni 
througfi  the  streets  of  the  cltj^.  Worcester  acted  more  like  a  phdosomhai' 
and  a  Christian.  Had  he  imitated  the  Syrocusan,  be  bad  probably  been 
more  successful  In  securing  attention  to  his  discoveries. 

From  the  latter  part  of  ^c  9dth  proposition,  wo  infer  that  Woroesttf 
used  aybfvuf  pump,  u  he  intimates  that  the  clFaci  was  produced  by  the 
deMCQl  of  t  weight  (on  the  pump-rod,)  t)ot  by  iu  asconl ;  and  this  KgTNl 
with  tbe  description  and  figures  of  old  waber-engines.  In  "  Art  and  N» 
hire,"  published  as   before  observed   in   l$a*-l,  they  consist   of  foroai 

Eumps  worked  by  large  tread  and  other  wheels — \.  e.  tne  pittuiu  are  nim 
y  these  hut  are  earned  down  by  their  own  weight,  or  that  of  wei^M 
with  whirH  (hey  are  loaded.  These  weights  were  sometimes  aliaehM  W 
the  rod,  at  others  to  the  end  of  tho  working-beams  to  which  the  rods  vrtn 
connected;  and  henoc  ihey  were  named  "  Iieeile-beoms,"  from  their  r«- 
aemblancc  to  a  large  hammer.  Lfooding  the  pi«ton-rod  of  pump*  did  OM 
therefore  originate  with  Moreland  or  Newcomen,  since  the  prutiDt 
was  older  even  than  Worcester.  The  piston  in  Fludd's  prvmrv- 
engine  is  on  example.  Such  pistons  wore  named  "heavie  forrers,"  (a 
solid  piston  bf;ing  named  "a  forcer,"  and  the  upper  box  of  •  oommoo 
pump  "  a  sucker.") 

As  Worrt^ster  in  believed  to  have  applied  steam  to  work  a  pump,  it  will 
be  asked,  did  he  not  perceive  Its  application  a«  a  mover  of  machinery'  in 

Kneral — ta  propyl  hoatis  &c.  T  \  es ;  and  he  has  lefV  a  proof  of  this  also, 
a  manuscript  (see  StuarL's  Anecdotes,  vol.  i,  56)  he  obaerres,  speaking 
of  the  device  No.  90,  "  [  can  moke  a  vessel  o(  aa  great  a  burden  as  tha 
river  can  bear,  to  go  against  tbe  stream,  which  the  more  rapid  it  is,  l' 
faster  it  shall  advance,  and  the  moveable  part  that  works  it,  may  be 
one  man  still  guided  tn  take  advanlago  of  the  stream  and  yet  to  steer 
boot  to  any  point ;  anit  this  engine  is  applicable  tn  any  vessel  or  b 
whatsnever,  without  biMiig  therefore  made  on  purpose;  and  it  works 
these  etTecIs  :  it  roweth,  il  drnweth,  it  driveth  (if  need  be)  to  psM  LotM* 
Bridgii  ngjiiul  the  stream  at  low  water;  and  a  boat  Isv'ing  at  anchor, 
engine  may  be  used  for  loading  and  unloading."  Be«idv8  the  Cenlur 
IVorr-eatf  r  puhlisbed  what  Wfe  tiAVeA  "  \tv  *>jw.v  w\A  vme  V\e&RViiao  of  i 
taoMl  siupeadous  Water-conittiaai&T»^?in^ne,\B'^ftW»\'^'j  ■io«,'%i.^sw> 
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louraUo.  (and  detervediy  to  be  pniuod  ind  adiRired),  Edwird  SutiK-Tiiet, 
L(ird  MarijiiU  nf  Wijree»ter,  and  b_v  lii*  k'rd«liip  tiimsclf  pruscntc-d  u>  hia 
Ttloot  e:tc«llenl  Ma^»ly  CliiLrln  Uie  Second,  our  tiU'St  gnici'iuts  Sovurci|;n." 
Ttiiswua  traci  oriwenty-lwo  jiaget.  luid  i»  »uiij>oiK'd  tu  Imvo  boon  prinlod 
for  ihe  purpose  of'forniing  u.  com[»aiiy  to  intitiiluce  iKe  devivv.  It  m  writ- 
fvn  ill  liic  aoflic  myle  aj  tbe  Ceniury,  uiid  iuatesd  uPdiMcnbing  Uic  machine 
ia  oonlinetl  to  aii  enuraenlioa  of  iu  properui^s. 

In  Worcesler'e  da^',  paletiu  for  useful  tiivontiotis  were  oflaa  classed 
with  tlic  moat  unrigliieoua  manopoUes,  and  iJtt*  hcilden  of  iketn  held  m 
^Derul  couiempc  Thb  may  serve  to  account  in  some  mcnaure  for  ibo 
uegkict  tliBi  RaraBeye  and  Worcester'a  projecis  met  with.  Th«  abomina- 
ble abase  which  Bhiabetb,  Junes  and  Chiirles  made  of  thu  puwt>r  to  gninc 
ipaltiiita,  uxciied  genenl  disgust.  CourlJeni  and  others  obtained  monopo- 
l)e«  for  nearly  alltbe  chief  bruiiclies  of  trade,  and  sold  tightii  in  tliem  to 
ot}ien,  BO  that  prices  were  raised  to  an  exorbitant  height.  Had  pati-nta 
biwn  confined  to  new  iuveutioiiii,  tlie  result  would  hare  been  bciiefinial ; 
but  exclusive  graiiU  were  obtained  to  work  and  Wfll  ihe  commonost  articles, 
«s  anlt.  iron,  lead,  coaU,  and  even  bones  and  rmg» :  with  the  mnnnuolistj 
«ribeac,  {harpiet  aiui  honfiftrfifa  as  Eiixabeth  once  ralM  ihem)  th«  oa- 
ibora  ofdisrovfriRii  and  improvoments  in  the  useful  aro  were  confouni]t*d. 
In  a  ma9({ucrade  got  up  for  tlie  eniertainment  of  Charlt^it  I,  in  16J3. 
Imnong  the  iiianagent  of  which  wore  Nov  rhe  Attorney  General,  Sir  John 
Fincfa  and  Mr.  Sf  Iden)  were  seyeral  flingR  at  monopoliefi,  as  hints  fur  tlie 
king.  In  the  "  Antimasoue  of  Projectors,"  sav3  Maitland,  "  rode  a  fellovr 
Upon  a  little  honie,  with  a  ^resL  bit  in  his  raoutU;  and  upon  the  man's 
bead  vma  a  bit,  with  head-stall  and  reina  fssteo'd,  and  signin«d  a  projector 
wbnbeK^^  a  pstmt.  i\\nl  nnne  in  the  kingdom  might  ride  tbeir  hnrBcs,  but 
with  such  bits  as  thpy  should  buy  of  him.  Then  came  another  fellow 
vith  a  hunrh  of  TArrotJi  upon  his  head,  and  a  capon  upon  his  Rst,  describ- 
ing [representing]  a  projector  who  begged  a  patent  of  monopoly,  as  the 
first  inventor  of  the  an  to  feed  rapons  with  corrou ;  atid  thai  none  but 
bimsetf  should  make  use  of  that  invention ;  and  havo  the  privilege  for 
rnurt«en  yeiirs.  acr/irding  to  tho  statute." 

Patting  out  of  view  his  polio'ral  conduct,  the  fein  of  Worcester  resem- 
bled that  of  great  inventors  in  almost  every  age.  In  some  respeciH  it  was 
peculiarly  seven?.  The  heir  of  one  ofibe  ricnoatand  most  powi-rful  fami- 
lies of  the  land,  ho  devoted  his  wealth  and  hi^  energies,  for  more  than  one 
third  of  a  century,  to  useful  discoveries ;  and  in  his  old  age  he  was  re- 
doced  to  borrow  small  sums  to  meet  hi«  necessities ; — and  when  al  last 
thn  profligate  Charles  was  restored,  although  Worcester  recovered  his 
demrtsrw-,  his  dwellings,  furniture,  pnpers.  models  and  mnchines  had  all 
been  desirnyed,  and  he  was  overwhelmed  with  debt.  Still  his  energies 
"Were  slimuUted  by  a  consciousness  of  the  importance  of  his  inventions, 
but  which,  alas  I  hia  contemporaries  were  unable  to  appr^ctaic,  except  by 
insinuations  that  they  were  the  frnits  of  a  partial  insanity.  Finally  dcatn 
«U?pt  in  and  closed  Ins  labors  forever.  Then  it  wns  rbat  his  wJdnw,  who 
was  fullv  sensible  of  the  value  of  his  great  machine,  used  her  exertioiu 
to  introduce  it;  but  her  conlessor.  a  Roman  Catholic  priest,  expotttiibif*ti 
with  hnr  on  the  foUv  and  t'm  nf  her  conduct,  ami  snlomnly  derbircd  to 
ber  •*  on  the  fatih  of  k  priest,"  that  if  she  rlid  not  foaa*  her  rndenvnrs.  she 
*vr>ti'i4  nrrf  only  lose  the  fsvor  of  heaven,  but  ihe  use  of  her  reason  I  Hbe 
%nd  the  evil  ({enius  of  Worroiter  did  not  even  then  erase 
* ;  for  jmsti-nry,  which  generally  corrects  the  error*  of  con- 
1 1-  ii.ir  y«i  doni- justice  to  hi*  memory.  Wlnle  a  few  wrilera 
.    ,"  M\>\  originality  of  his  invcntiotis,  and  account  b\'(n  o«a  c^ 
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ihs  chief  ootbon  of  the  flteun-flmgitw,  oLher*  ootulomQ  tiM  **  Contury  "j 
B  nMM  of  ftbfonlitUi*,  ind  deny  hu  evvr  h»rbi^  RoaatnjcttHl  • 
cbin«  ■!  kII.     TIioso  pttrsom  liawi*v«r  who  anlcrtoin   Uw    latbrr  o^i! 
evince  u  much  rirdulity  w  otlMira,  (or  tbny  cKtmot  dotty  UuU  ht*  hftk 
cribed  the  pecwlinr  proprrtioi  of  the  grral  dttf  tTtruum  nf  hum:i 
(■I  bigh-proBsure  ■rtoam •engine)  with  a  ilegnw  of  accunu-y  of  n 
afTorJa  no  pamltnl ;  and  honcn.  if  he  luked  tmth  h«  p»K-' 
and  while  (hey  rcjcrot  him  as  an  inruotor,  they  must 
propbfll. 

In  the  ftnnals  oT  the  arU,  tberv  i«  not  to  be  found  a  mo**  ain^Ur  ^xaw- 
p)e  of  devotion  to  their  improvement,  eith<-r  w  reganls  tbr  nun 
yoarc  or  the  amount  of  trewiire  8|wnl.  the  iraportanca  nf  tWv  rr*ulr  ■ 
ardor  with  which  they  WL>ra  pursued,  and  the  olTortii  madn  to  cxcit'-  :  : 
attention  to  th<*m.  Whatever  othvrs  may  have  dono  btfom  bim,  tij'  •_■  •■'• 
no  account  of  their  labors.  Worcester  is  the  first  Co  comraunicntv  vith 
tb«  public  by  m<ians  of  the  pt«s».  and  lo  give  a  tangible  devcnption 
ihiOiigh  an  intuntiunaUy  obscurt!  one)  of  hid  discoTL'nca — [for  we  do 
rackon  oithur  the  dovtce  of  Branca  or  Deoaus  anion^  eudi.)  On  thi*  i 
count  alone  be  is  enuilud  to  tfas  prayie  of  every  raodem  engiiwer;  uJ 
bod  he  but  fulfilled  bit  promise  of  leaving  detailed  aacoHiw  iUiutnieJ 
with  engravings,  fats  famu  would  have  endured  as  long  a*  tba  steatn-angint 
ilaelf  If  he  wcro  not  the  great  mo^ian  who  evokod  iJie  mighty  ^irn 
.that  lay  dormant  in  sLuam — who  potttted  out  its  powur  and  the  mcvu  of 
employing  it — who  revivud  the  project  of  Garay  luid  iimbodi^d  aodti- 
tonded  the  apparatus  of  Porto — iL  may  be  asked  who  was  T  And  althvujk 
nooa  of  his  machines  ore  cxianU  nor  any  of  his  imuiMliaio  suoccsaor*  htvf 
bad  the  candor  to  acknowledge  their  obligatton*  to  hiui,  it  ii  not  !«■  4t 
duty  nf  hisloriuns  to  uphold  htK  claims  until  cvidonco  shall  \v;  adduced  Ii) 
establtgh  thosu  of  anothvr — until  some  older  and  cluarer  founuin  dai 
his  Cuniury  of  Inventions  shall  be  dlseovered — from  which  BtitaM 
ciiuuUy  unucknowled^-d  have  boon  drawn.  We  cannot  biu  hopti 
(be  obloquy  and  uncurtaioiy  under  which  his  name  is  yut  liintuiJeil 
•vttntually  be  divpcrsiKl,  whon  ho  will  bo  esteemed  one  of  ihtf  most 
narbabls  mechuinciarut  of  modern  times,  and  bu  asaocialed  with  ilw  ' 
daiusaa  and  ArchytusiM  of  antiquity. 

How  similar  to  WorcnstcrV  mannor  of  announcing  hia  diacoveriai 
the  following  one  from  Glauber,  an  older  writer !     U  appt-ATB,  ai  tha 
glaaco,  us  ahsund  us  any  thing  in  ihe  Cenutry.     "  A  certain  aecwi  by 
nolp  whor^^of  wtne^s  are  easily  Irniisporied  trom  mountainous  places,  re^ 
moto  from  rivers  and  dcalilutc  of  uilu*r  convenioncos  of  rnrria^r,  so  thtl 
the  oaiTyini^  of  (<•!»  vessels  is  of  che&fier  price  than,  otW"  in-yiu| 

of  oiu"     This  passage,  he  observes,  ufft^nded  matiy  bolli  itiii  iu)> 

learned,  who  "believed  the  thing  impo<uible,  aud  iwthirig  tiui drranu and 
lanciaa."  He  was  so  much  uuizzcd  about  it  as  to  regret  having  mealieoad 
it  "  Many  judge  this  thing  mcrcdiblc  because  of  the  want  of  ir{a^e</aw4», 
that  need  not  horses!  contirming  one  the  other  in  unbeUefc,  li-ading  ' 
another  after  ihc  manner  of  the  Mind."  His  plan  was  to  toku  the  juioil 
the  grape  before  fermentation  commenced,  aiid  concenirate  it  by  ht. 
till  it  became  of  "the  coneistenoe  of  honey."  The  water  being  ibusi 
poraled  reduced  tlie  wine  to  Icsa  than  one  tenth  uf  ii5  former  hulk 
weight,  while  it  still  retained  the  strength  and  virtue  of  the  whole;  for 
"  u**w  wine  decocted  and  inspiaaHted  before  iu  fermoiiiation  loseih  nothit^t 
of  it»  virtues  :"  hence  it  could  be  tninsported  at  one  tenth  the  ext 
When  UBeil,  it  was  to  be  diluted  with  the  ahmh-  ifuantjty  of  wnu^r-j 
tfraporateJ  from  it.     (Treatise  ott  Ph'tlo*.  Furnaces  i   Loud.  lt»51«| 
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Ttif  lujoption  oT  loaitf  laoile  of  coDCcaindiiff  wines  a*  afxtvo,  wmiUI 
prticluct>  an  iiiiiiierisi;  mvnig  m  ihoir  Ooight  anu  carriage  over  the  gli>b«, 
vuj  ttni;  i|uetiUy  graaU;  rwducu  ihtir  c<ibl     It  wotili]  also  detV-at 

tilt-  cii  ids  thai  arc  practicuU   id    iho   tnatiutacium  of  orlificia] 

vine* — (iii«i»(L-v  in  which  iwl  u  ilrup  of  iho  juice  of  the  pnipo  is  mIi]  in 
Kntur.  Glaubvr  »iiys,  "  th»  nuw  wine  is  noi  ta  bo  inspi^Mtcd  in  caul* 
drocu,"  on  account  of  the  laste  which  it  wouM  contract  from  tlio  metal. 


CHAPTER    VII. 


RiMiiJiiiunr,  llurrtMCi  «id  nMka~)l«nitiil— lib  \M»  of  fyUMan— Hii  paapt  vwIekJ  by  • 

ryliBdnrml  klrh-p*'"*'*  t\**ti»-<t*%\m*—\\K  bbiI*  nvdilH  to  ■  McUD-anflott  In  nnfUliil^Ain|4a  d»> 
*l«  br  «fci«b  Im  pftbkbl)'  *Drk(Ul  hit  iriirurnf  |iiMi|t*— Ini'cutloot  of  hl>  ■(  Vaaiii«|t^.iiici-<foM  «r  Mm 
IVmb  E**liin^  DUO'— iUHy  (Wnoi  i>rain:r(iri  rsitllcn^RidicoIoiia  ori|iD  nf  taina  honork— lUlct  of 
KhIm — r*|.in~Pif*<i*«^-imMr  rktf  •— Fiifla't  ]<riin  (o  Irnnioul  pmuT  IlifW^h  ripe*  bf  »^*M  vT 
iklo-CdBB  »r  III  bilsrih— Aonihiir  i>l>n  bji  iriiaprriiMd  ur— P*|>tB^  (ipninmil*  M  vnir*  ■  |iMtDB  bf 
roBTVwiJH  »4  b^  ■■•••—Tlw  l«il*'  ■balulaBMl  by  hlin— 'rke  ntrxj  toltn  tnfiratnil,  mil  imanhi!  by 
P^'I^^M  *"■>''■  I  n'^ly  t^ft— WUnr  laM— .■>(*■■«  nmlilaa  of  P*f  In  fur  raMitf  KaUir  uiil  iNiiiatllBf 
■■■—  ■  rmt^amrf. 

Tou'arda  the  latter  pan  of  Worcester's  life,  a  youog  Frenchman  waa 
fan  rising  into  notice.  Thid  was  John  Hautet'cuille,  the  eon  of  a  liaker  at 
Orleans,  and  one  of  iW  tnosc  Wilhant  mechanictaoa  of  the  afe.  Ho  waa 
in  bis  twentieth  j'ear  when  Worcester  died.  The  device  for  regulating 
the  Tibroiion  of  the  balance  in  watches  by  a  Bprin^,  whence  arose  the 
Tta/ae  of  pendulum  watches,  was  invented  by  him,  and  was  euh9(H|ueuiljr 
iniprovef]  hy  Iluy^ens.  Ilfiulefcuille  entered  the  church  ami  bucarao 
ail  abbe.  He  wrote  several  iracu  on  subjects  connected  wirh  mechanicii. 
In  li37!$  hr  proposed  Meam  ax  a  sournn  qS  power,  and  applied  ll  to  give 
mobon  lo  a  pinon.  ItuK^nd  of  aqueons  vapor  he  also  proposed  the  alter- 
nau-  cvoitidon  and  condnmation  of  the  vapor  of  aioohol,  in  such  a  manner 
that  none  shiiulil  b<?  wasted;  and  both  h«  and  Huy^hi-ns  gave  notion  to 
pinoTis.  iiy  <<xpl(Klin|;  small  ehargps  of  gunpowtlt-r  in  cylinders.  In 
lfi7S,  Dr.  H'Kikp  promiM.'(l  a  st^am-en^nu  on  the  aimosphenr  principle, 
but  the  only  informaiion  respecting  ii  is  in  a  memorandum  m  ihiit  effect 
found  among  lh<;  papers  of  Dr.  Robtson,  the  authnr  of  the  treatise  on  Mo- 
chanical  FhiluBnphy. 

The«e  examples  of  imparting  motion  lo  a  pitttm  by  a£riform  fluids  apo 
intenuting.  inasmuch  as  itiey  show  that  the  device  waa  not  very  novel  in 
the  middlt*  nf  the  17th  century,  and  ihal  mechanics  in  different  coontrlea 
werp  fiimiliitr  with  it. 

W*-  mii-r  now  relet  to  another  member  of  the  English  court,  a  «intem- 
p^rary  of  Worcesi^r,  ami  like  him  arrively  engaged  in  tbt*  pulilirs  of  the 
ti/ni>ft,  but  who  on  ihe  other  hand  adhered  to  the  common  wealth  until  the 
Cr>imwell*fl  adminiMmtion.  We  arc  told  ihal  one  evening, 
it,  an  interview  took  plaro  between  Cromwell  and  Thurloe, 
56 
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l)ti  sucrot&rv.  u  tlie  boose  of  Ut«  Utter,  on  ttnoe  luu  bofinr^^  li-.m  rr, 
the  uuiiwt  secnjcy.     It  was  nol  till  the  tnittter  had  brra  i    ' 
PrDtvctor  bucame  swore  of  &  third  [wnoa  bMing  in  tiio  t^^^■^^•.   ■•■■•  ■ 
vtid  to  have  drawo  his  dagger,  nnJ  would  havi;  dispatoli'xl  the  tu|< 
inlTudtir.  had  noi  Thurlne   miaraniuitd  «ilKnc*;  on  the  part  iif  h»  il- 
■tli-ndatit.    This  WM  Samtiel  Morvland,  iIh-  invtfiitor  ol  the  plufi^t-r 
Hp  wa*  then  employed  by  and  in  the  confideiMw  of  ili«  •vcrfUrt  .:.- 
aiduup,  i»r  aSecteil  to  be  »o.  dann^  th«  intBrview,     Oii  llii»  or  »i  '   ■ 
occwion,  he  overheard  the  diacu««ion  n(  a  plaii  to  take  vlT  ihu  •- 
to  whoin  he  disclosed  the  whole,  and  was  rvM'arded  with  a   i 
rMloration. 

It  LB  not  known  when  Moreland  first  tumiKl  his  attontjon  to  tnechaiucf: 
probably  not  till  the  restoration.     As  a  favorite  ofCharlei  Tl,  and  •gnna 
of  tbo  privy  chamlxT,  he  must  often  have  met  Wurcrnter  at  court;  while 
from  their  oongeniui  habits  and  pursuits  as  invchnnicians,   tht*y  werr  row) 
likely  on  familiar  terms  wiih  each  other.     As  maKter  of  m«N;hiLnic»  to  ibt 
king.  Moreland  was  no  doubt  one  of  [huso  who  vuiitcd  arid  uxamined  ibv 
maohine  erected  by  Worcester  at  Vauxhall,  and  as  a  matter  of  coum>  ho 
ofien  perused  rhe  Century  of  Inventions.     Uu  haa  not  howuvur  had  tW 
tiigeniiounneiiit  to  mention  any  of  these  things ;  but  notwithstanding  ihu,  wf 
CAitniH  believe  so  fur  as  his  applications  of  stuamaru  coiicomed.  that  bswii 
not  in.Iehtpd  eiiber  to  tlie  machine  iuwlC  lo  the  Century,  or  tu  per 
lercmrap  with  Worcester,  and  probably  to  them  &IL    Tiie  first  iiiw 
Mor«land  thai  we  hear  of  is  the  pumplhtilhepuienied  in  1676.  and  utt4 
according  lo  one  writer,  he  had  previously  apeiit  twelve  years-  Thisi 
the  date  back  to  ab<jut  1663.  thp  ycfir  iu  which  the  Ceniurv  wa»  pull 
It  is  not  at  all  unlikely  that  this  famous  pamphlot  first   induced  Ml 
(aa  well  as  many  others)  to  turn  hi«  attention  to  mecbanical  disoC 
and  furnished  him  with  matoriuls  to  work  upon.    In  the  nunuaciipt ' 
presented  by  him  to  tho  French  king  in  1683,  (see  page  373)  and  no# 
preflerved  in  the  British  museum,  thure  is  a  very  short  chapter  ua  fire  < 
•team  engines,  of  which  the  following  is  a  tra&slaiion : — 

"  The  Primciptet  ojtht  ikw  Voret  of  Fire,  mvatUd  hy  tfu  Chrvelier  M 
lanA,in  the yearXG^i.Qitd prafKted  to  Kit  vwM  CAriatiam  Majaty.  1683.: 

"  Water  being  evaporated  by  the  force  of  Rre.  iheae  vnpora  unrnvda 
rMfoire  a  greater  space  (about  two  thousand  tunes)  than  the 
piwd  liefore,  and  too  forcible  to  be  always  imprisoned,  will  burst ; 
of  cannon.      But  boing  governed  according  to  the  ralaa  of  statics,  and  r*- 
duc«d  by  science  to  measure,  weight  and  baUoce,  then  they  will  peaoa^^ 
ably  carry  their  burden,  (liho  good  horses)  and  thus  hecnmc  of  gmU  u^H 
to  mankind  ;  particularly  to  raise  water  according  lo  the  Ibltowing  tshl^^ 
which  shows  ih(*  number  of  pounds  which  can  he  raised  ISOO  tunes  pK 
hour  to  six  inches  in  height,  by  cylinders  half  filled  with  water,  as  vr#il 
as  the  difiereni  diameters  aiMl  depths  of  those  cylinders  : — 


OVUffOEBA. 


nb«t 


•rs  h.1.  mnI  >  b^ifc  aru(i«(. 

1 3,240 

» 6.4H0 

3 9,720 

4 12^60 

6 16;200 

6 19.440 

7 22.680 

6 2r,.980 

9  -         -         -        -        -         -  29.160 

10 32.400 

20 64.800 

30 <17.200 

40 129.600 

50 162.000 

60 194,400 

70 226.800 

80 259.200 

90  -         .         .         .         .  291.600' 

As  thin  19  all  that  Moreland  bus  hh  on  the  Bubject.  it  is  difficult  if  not 
unpoRsiblv  to  ascertiun  the  precisi?  construction  of  bis  apparatije,     He  i$ 

silent  respecting  the  mftnner  and  details  by  which  the  c^ject  wu  OC- 
compUahed  is  Worcester  himself,  and  hence  the  steam-engine  of  ot>e  is 
<juiie  as  iniich  !\  ridiile  as  tliat  of  the  oiher.  Were  these  "cytinder»" 
grmrmtort  of  steam— boilers  J  or  were  they  Keparaie  vessels  for  the  re- 
ception of  water,  and  from  which  it  was  expelled  by  the  vapor,  as  from 
the  receivers  of  Savory  1  or,  working  cylinders,  whose  pistons  were  moved 
by  tbe  expansive  force  of  sieoni  I  or,  lastly,  were  they  pump  chambers, 
by  which  the  hi]uid  was  raised  t  We  suppose  they  were  the  lost.  Had 
they  arte«l  on  the  prmciple  of  Savery's  receivers,  they  could  uever  have 
tweti  filled  and  discharged  thir^  times  a  minute,  or  1800  times  an  hour. 
Then  as  Moretand  epeaks  only  of  high  steam,  ii  can  hardly  be  intagiued 
thai  he  used  or  thought  of  using  Us  expansive  force  to  move  pistons  m  the 
largest  cylinders  he  nas  named,  or  made  calculations  for  the  employment 
of  ninety  of  iliem.  Wherv  could  he  bav^  got  a  l»)iler  sutHcienlty  strong 
and  i:A{iacinu)t  ti>  supply  a  cylinder  twelve  feet  Inng  am)  six  in  diameter, 
tn  suy  nothing  of  ihe  ditHcuity  of  making  such  cylinders  I  Yet  he  apeaks 
of  them  an  mitliin^  extraordmary.  Now  ihere  wa.<)  no  difliciiltv  in  irakine 
them  of  all  the  dimentuons  nameit^tfr  hu  pIvHgrr  yumfM,  (sei?  No.  123  of 
our  illuetraiKms)  for  the  simple  reason  thai  they  were  not  re<]uired  to  be 
bnreil ;  iis  tlie  piiUon  or  plunger  workeil  in  contact  only  With  the  collarnf 
leathers  ar  &tufling  box  at  (he  lop.  That  it  is  u>  these  be  refers  appear* 
attu  from  the  terms,  "  reduced  hy  science  lo  meaiure,  weight  and  balance." 
these  being  tJie  very  same  that  he  used  when  he  claimed,  by  the  inventtoti 
of  tliis  pump,  to  have  "  reduced  the  raising  of  water  to  uvigAt  and  tnnt- 
nrr,"  viz.  by  comparing  the  weight  of  the  toadetl  plunger  to  the  quantity 
nf  water  displacfii  from  the  cybnder  by  its  descent,  (see  pare  273)— ana 
tbeiiof  tbe  number  of  pounds  raised  by  each  cylinder  in  the  preceding 
taliln.  would  )>e  (bo  sum  of  the  weights  on  each  plunger.  The  term  "six 
inches"  prohahly  aroso  from  thai  being  the  length  of  stroke  of  his  experi- 
mental plunger:  the  length  of  the  other  rylinners  and  their  cfieots  Iwing 
falraUf^d  from  it.  The  cylinders  being  only  "  half  fiilcd  with  water, 
woold  then  ri.'fer  lo  tliat  quantity,  or  about  that,  bnng  expelled  at  each 
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hia  secretary.  M  the houiic  of  th.*  ^' 
tho  utmoec  &tcncy.     It  was  nm  ' 
PratecUir  bt^cniflfr  aware  of  il  thir.i  j  ■ 
flail)  u>  iiavf!  i]rawn  his  dagger,  nti'\   .< 
iiitruiiRr,  had  not  Thurli>e  giiftri 
altt->mUiiL    This  waa  Samuel  M> 
He  was  iJien  employed  by  «ni]  in  iln- 
aale«i>,  or  afTtNriHd  to  lie  «o,  durini^  (ho 
occaaion.  he  ovcrhmuiJ  tl«'  drscussion  ' 
to  whom  b«  dJKtoiHid  tlie  whole,  ari 
reitoratiun. 

It  IS  nut  known  wlien  Morelanil  ' 
probably  not  till  \hv  reitoration- 
ofllie  pnry  chnmbL-r,  hr?  tli;;-f  it 
from  t)ieir  cuiigHRial  babiu  i    ■ 
likely  on  fuoillu'  tcriuH  wit!i  - 
king.  Moreluiid  wuj  iiud'"i'" 
machine  erected  by  \^' 
often  perustfd  tlio  Ceiii 
iiigenaniiBiiett  [0  meiitl'  '    ' 
cunntit  believf?  fofar  a>  li< 
not  indtfbied  either  10  t'l 
tnrctmnfv  wiili  \Vii>i-i>4r 
Monrlnnd  rJialwe  b' 
avcnni  ing  to  aoe  w-  r, 
tlic  diUc  lurk  tn  nil 
It  i«  nut  si  all  tinlil. 
(a»  well  an  ijianv  o 
and  furiiished  bim 
presented  by  liim 
preserve  ' 
fteam  err 
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'■  Tht  Prinnr 
Inmd,  tn  tiur  ■ 

"  Water  b. 
require  a  gr 
pied  befcwv^ 
of  cannon. 
dnned  by 
ably  carryJ 
to  mankir 
which  abfl 
hoar  to 
a*  the  dy 


k, 


,_»* 'f  ■"■:'  ■ 

*     -^nU  frotn  w). 
■rtxtT.     Aijum 

■  [■•"(■*,    ^"""i'     [lIIH-«     U?    H"! 

iiu  ntid  1900  rimoa. 
^^^»  r.j  wh;ca  Mofi'Und  may  have  apf 
\^  a««tiao  OUR  : — Let  a  amall 
^  ^JT  t))K  sajuo  ei>d  of  *  ribraaBff  b 
^  j«stt«i  rod*  of  iKith  oylindflrs  h*\m^ 
-t-e-way  sieani-ccv^k.  the  *• 
vlinder.  aud   ji'i'litnc  "P 
'1  plung*;r  iif  '' 
i  ■>  ciimmuiiiFaiM 
i  iMX  t)«twe«ii  ibe  fornwr  and  lln»  e 
.-^i   lb*  weigbta  on  ibe  plunu"""  ■*■•' 
■n,  to  deacend.     By  tun 
!"'^T"""-'f.     The  ■-*■■'' 
luled  to  >' 
■■w.n^;  ■ul  lliat  bad   f- 
■It!  was  i«  possession  nf  > 
-    i^useaergy  accurdio^  Uj 
■4  \»v  it. 
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stroke,  beeaiue  the  plungera  wouM  ticeupy  one  half  only  of  the  tni 
capaciticfl  of  the  cylwlera.     See  the  fi^uni  of  odd  oa  page  278. 

If  this  view  of  Moreland'a  project  be  correct,  then  he  merely 
M^un  In  wnrk  hb  plutii^r  pump;  and  lliuruforo  could  not  jiuily  claim  m 
16S3  to  harp  invenlcd,  hut  only  to  havu  applied,  the  "  force  nf  fat." 
That  he  employed  u  airoptii  form  of  u  high-pressure  engine,  in  other  wordl 
moved  tt  pUton  hy  thu  cLiutJciiy  ofiho  vapor,  like  Hauiefetiille  and  Wo^ 
ccaler,  va  havo  little  doubt.  Uts  languafi;e  intimates  thut  sieun  wistksa 
runderud  so  maoagreable  as  to  be  sppTicaole  to  numerous  opcnuions  "  lor 
the  heneKt  of  mankind,"  of  which  the  r&ising  of  water  was  the  only  mm 
under  hit  C4)nsideraiion.  He  obviously  was  in  possession  of  the  tdnm 
of  imptutiiig  motion  //'  tolidt  by  steam,  and  ihus  making^  it  peaceaUj 
to  carry  burdena.  or  overcome  resistances,  "  like  gnod  borscs ;" — Ii- 
deeJ,  one  might  almost  suppose  from  his  apparont  carelt^HocM  in  iM 
mentioning  the  mode  in  which  the  steam  was  npphed,  vix.  in  ginnj 
motion  to  a  piston,  that  explanation  on  this  point  was  then  no  longn 
necessary. 

It  is  singular  that  Moreland  made  no  claim  for  this  inrenbon  in  Bttfttui. 
Why  WW  (hit,  if  he  had  any  I      Uova  it  not  imply  thiit  he  did  not  iii«eM 
the  steam  part  of  the  ii|i[>aralu8 1— else  why  not  haw  paicnted  it  as  wnl 
as  the  pump  I  ibr  the  object  deserved  it,  and  the  proi>jK<cts  of  rvniaavn* 
tion  woru  as  promiiting  at  hornu  ns  m  Prsjire.     The  fact  is,  he  couU  im 
claim  the  pisiou  «teiun-«ngine  where  tlie  labors  of  WorcrMter  and  ntimn 
were  still  in  rera«*mbr*rio«,  luid  whure  some  of  iheir  machines  were  vm- 
bably  extant.      An  mii  fducalt-J  man  and  an  eiilighlened  mechanic,  Mon^ 
land  was  not  ignorant  of  the  labon  of  RantKeye,  Fludd,  HHUtefr-iiillt* 
Wrm-i*»ter.     It  is  |)relty  clear  that  he  lit  hit  candle  at  the  lamps  of  I 
DWD,  luid  particulariv  the  latter;  for  in  (ho  short  chapter  on  steam  t\fta\ 
above,  bo  has  copied  both  thL-  ideas  and  tliu  lani^uagu  of  (be  author  of 
Century  of  Inventions.     One  Dbser\-aiion  if  highly  crediuble  to  him,  if 
Wms  the  author  of  the  experiments  from  which  Jl  was  dedueetl,  vix.  tW 
relaiivit  volume  of  stemni  and  water.     A  (juontity  of  tlie  latter  whennw- 
verted  into  (ho  fomier  occupies,  he  observes,  2000  limes  its  former  spM*'. 
moderT)  experiments  make  ic  between  ISOO  and  1900  times. 

Of  several  simple  modes  by  which  Moreland  may  have  applied  itnm 
to  work  his  pumpi,  we  shall  mention  one : — Let  k  Email  stcam-cylind«r. 
open  at  the  top,  be  placed  under  the  same  end  uf  a.  vibrating  beam  u  th* 
plunger  of  the  pump;  the  piston  iykI*  of  both  cylinders  bung  oonneesai 
to  the  beam :  then,  by  turning  a  throe-way  steam-cock,  ihe  vapor  woaU 
rush  into  the  botiom  of  the  steam-cylinder,  and  uunhing  up  the  piuoi, 
would  raise  the  beam  and  the  loadeo  plunger  of  the  pump ;  and  by  ikoi 
turning  the  cock  so  as  lo  close  (he  communication  between  tlie  cylindM 
and  the  boiler,  and  to  open  one  between  the  former  and  the  external 
the  steam  would  escape,  and  the  weighu  on  the  plunger  would  caow 
with  Ihe  beam  and  steam-piston,  to  descend.     By  turning  the  siei 
as  before,  the  stroke  would  be  repeated.     The  only  objection  to  MotAt 
device  is,  that  it  if  too  crude  to  be  attributed  to  Mort-Iajid  :   for,  frvwa  th« 
advantages  he  possessed  in  knowing  all   that  had  bvun   previously  <^U|^,_ 
there  can  be  tiulp  doubi  ihat  he  was  in  possession  of  a  aelf-noting  ^^^|fl 
and  of  the  knowledge  of  increaning  its  energy  •ocording  to  the  dmBtl^^ 
siu'd  pumps  n-rjiiired  lo  be  worked  by  it. 

Moreland  possessed  s  nBturol  turn  for  inechnmcii.  and  during  the  la 
half  of  hit   life  devoted   himself  almost  exolusively  to  the  invonlion 
jmprovempnl  of  usefu\  macViiiWTjj.     Vfwe  a.  Acac.n.'^tao'a. of  \vM«a«l  Vt 
cener'fl  workshops  now  extuA,  v^  ■wouW  yncww  mat«  m*\  'wutv^m. 
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tloag  wfaiob  hJKorv  or  usditioa  hai  haodeil  down  about  rouDd-beadc 
catdiert.  Hv  tiul  b  plucv  fiitod  up  «i  the  exp«D(«  of  govemiDeiit. 
th  liitf  ix^quisiie  a|jpiLnLus  fur  carryiii((  i^ii  hii>  mv«rcbe»,  ai  wMrIi 
Id»  soiDfiimus  osciKied  ;  and  he  8pe«k«  of  having  moreover  expciifi'rii 
■imu  of  his  uM'ii  ui  experimeuu,  u>  pWue  Uic  king't  fancy.  Of  die 
r  of  curiuuH  diiiii^  hure  contrived.  Weidea  hia  ipealtiDg  mimpet, 
inn,  |)uiiiptt  aud  «tL-am-vii(;iiivs,  we  mav  judgu  from  'u-hui  \&  rv^xiried 
hid  Jwcllmg  hiiu«v  ut  Vauxhall,  every  part  of  which  cxhibiie<i  ptituU 
lua  iiiveiiuv«  mind  ;  v\  en  Uie  itide  tablu  in  his  diiiine  ruom  wos  eupplied. 
tfa  a  large  fountuin,  und  the  gluji^ef  flood  under  little  streaine  of  wumr. 
,a  c-i/uch  too  conuiiiied  a  poriuhW  kilchen  with  t;lock-work  nmcliinery* 
which  lie  could  make  Boup,  broil  Btcn.k«,  or  roast  ajoini  of  meat. 
V'fiiixball  giirdens,  as  a  place  of  public  re^iTt,  appear  to  have  originated 
in  Oin  curious  things  constructed  there  by  Morelaiid.  Aubrey,  in  tus  His- 
tory of  Surrvy,  tiueu  tluu  in  1607.  Sir  Samuel  "built  a  nne  roooi  at 
auxhall,  tbc  iiiude  till  of  lookiog-glaaa,  and  founuina  very  pleoaant  U> 
old,  which  i«  much  visiiod  by  strangers.  It  stands  in  the  middle  of 
e  gartirn,  covered  with  Cornish  slate,  on  the  point  whereof  he  placed  & 
nchineilo  very  w<>ll  carved,  which  held  a  dial ;  but  the  windE  nave  d«- 
Hhod  it."  "  The  hou«e  [observes  Kir  John  Hawkins]  seems  lo  have 
It  rebuilt  nncc  the  time  that  Sir  Samuel  Mnreland  dwelt  in  il ;  and 
iBre  being  a  large  garden  belonging  to  ii  planted  with  a  ^rcat  number 
Mately  trees,  and  laid  out  In  shady  walka,  it  olitoined  the  name  of  Spring 
Isrdenti,  and  the  house  being  converted  into  a  tavern  or  place  of  enter- 
menr,  ii  was  frequented  by  the  vniariea  of  pleMure." 
Morelarid*!!  ntinchmenr  to  metitaniRs  continued  unnhated  in  bia  old  age, 
id  even  afit- r  his  ^i^hi  wo^  Wt.  A  plea.'img  proof  of  this  is  given  m  the 
iary  of  the  colebraled  John  Kvelyn.  "October  25,  1695,  The  arch- 
iohop  and  myselfe  went  to  Hnmmerfimith  to  visite  Sir  Sam.  Moreland, 
^bo  WIS  entirely  blind  ;  a  very  mortifying  sight  He  shewed  tia  his  in- 
sntion  of  writing,  which  was  very  ingemoua,  nlao  his  wooden  kalender 
hich  instructed  him  all  by  feeling,  and  other  pretty  and  useful  inveniiona 
'  mills,  pomps  &e.  and  lh«  pump  he  had  erected  that  aervea  water  to  hia 
irden,  and  tn  pasflengers,  with  an  inacription,  and  brings,  from  a  filthy  part 
'  the  Thames  tteere  it,  a.  mixii  perfect  and  pure  water.  He  had  newly 
ied  i£200  worth  nf  ■music  books,  six  feet  under  ground,  being,  aa 
nud,  love  songs  and  vanity.  He  plays  himselfe  psalms  and  religious 
|rmn<  nti  the  Thenbo." 
Ir  19  •iritfiilnr  that  atmo*t  all  tlie  early  EngUAb  steam  maeliinisu  and 
pt"""'!!  expertmenicrs  were  f<rmrtiert.  Bacon  was  Lord  Chancellor ; 
groom  of  the  privy  chamber  to  Charles  1  j  Woreesier,  a  innr- 
1  general ;  Moreland,  a  knttfbt,  ntul  groom  of  the  privy  or  bed 
tiaintier*  to  Charles  H  ;  and   Btuheu  and  Savory  held  offices  under  the 
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Ir  I  .     lirt,  xhai  ihM  i{iiim»  ivurr  nitM-liMl  10 Micli >nol1iri>,  ihnt  emttUmm 

1,1  '  I  lliriii  '  aitil  iMrtH'iilnrI)  itt  lurli  li«aiU  as  CI>iul<-<  II  ut  Cieor|[« 

'  boDoi*  wlticl)  iuuiiui<:lib  li"><uiv.  wviili]  HfTunl  Jti)Ui»:i»t.'m  ind 

I  raaili^ni.     It  wmiM  add  initiv  i-auK^i*  vt  bmirM  mallaiKin  in  ilw 

<     I  rr.  Tnt  !l><Mr  iricliuliii^  iikIi  rnolntiR*  from  out  iiborra.     Our  nx- 

,4f  <h  till*  i(*i>c(.i  iw  well  «*  in  Dllten,  in  ilrclimtil   by  Provid«nc<>  lu  Biert  ■  uliilarj 

NiK-c  uu  IhB  M'uitaL     A  Bpint  uf  ■■■■i|<iii),  uihI  tili-iu  of  •bII'  i<nj»<<t,  aru  aUnatXy  hm- 

c  '   I .    r         'Il  to  Iw  kii|>i  Biiich  loDf er  \n  a  mere  »tal*  offiaiiilsfe.  lu  W 

-It  llic  BiMliliai  of  ykvvt  Mnm.  n-itli  pu^MtS  ud  hich 

..J  I  cnfoioainr.  Xtwt\  and  revritsvr*     ThoM  pananit  who 

ad  OR  iti«  nubjc«t,  hav  e  iin-il  »!'  a  Iai;it  uliatp  nf  laitli  lo  ImiIiavm  nna  iMtir 

ua  c«liu«i:le(l  wttli  Ute  ur-gifi  auil  ibc  cotJetiill^  of  lille*,  aO   trot]    (•(•■ 
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The  next  oxperimenU  on  stoam  of  which  we  bftve  any  tcr*mM 
made  by  a  Fruricliinoi).  but  uot  in  France.  The  rvuott  of  " 
well  be  noticed,  since  it  will  serve  w  show  how  great  thtf  i<: 
whi(!h  we  etyoy  over  the  peoplt?  gf  the  old  world.  Of  all  i; '  ■'  'i'  ■ni 
specttit  of  tyrvmy  under  which  Kurope  has  groanvd  and  Mill  ^t- i  in>,  i-it 
by  which  the  inhabitants  are  compelled  to  adopt  such  articir«  of  rciitni^ 
Cluth  lu  ihcir  governors  choose  to  give  them,  is  the  most  diabolical.  TL« 
Diiy  be  con»idered  aa  tlie  clitnox  of  human  degradation,  and  of  bumu 
oppression.  No  feeling  mind  can  contemplate  without  horror  the  «cua( 
tho«e  despots  who,  not  content  with  consuming  the  EiiWtaDCf  and  tyn*- 
nixing  over  the  bodies  of  tbviritiiffticU,  as  they  call  them,  itisiu  on  *ii!^ 
doing  their  rmndt  and  conrrtmcrt  also !— despots  who,  [hough  cowRd 
with  crimo,  blasphemously  set  themselves  up  as  "  Hvads  of  the  Church  T 
and  "  Defenders  of  the  Faith !"  and  this  too  by  ibo  '"  grace  of  God  t"— 
And  these  Heads  of  the  Church,  in  order  to  defend  "the  Faith,"  ba*t 
harassed,  plundered,  hanged,  shot  and  even  burnt  alive  boili  men  am]  *n>- 
men  who  would  not  acknowledge  (hem  as  such !  Thus  it  was  whoa  tlit 
edivt  of  Nantes,  which  Henry  IV  esubhshed  to  protect  his  PruCntan 
solfjeots  in  their  civil  and  ruligious  rights,  was  revoked  by  Louis  XIV,  u 
becaniB  the  signal  for  the  most  violent  persecutions  of  that  [leople.  Their 
children  were  uken  from  them  and  placed  under  Papist  teacher*— <bey 
were  compelled  by  the  penalty  of  niiiitary  execution  to  embrace  the  So- 
man faith — a  price  was  set  on  the  heads  of  those  who  refused — a  tweoiirik 
part  of  their  whole  number  was  butchered — half  a  million  fled  int"  -''-' 
laiids  (as  the  Pilgrims  did  to  this)  that  they  might  beat  liberty  to  <^ 
God  according  to  their  own  consciences.  In  this  way  the  moti  ingcmirai 
and  avowedly  the  toost  industrious  mechanics  of  France  were  dtito 
inti>  exile;  and  by  ii  righiMouh  and  retributive  Pro»'idcnce.  the  staple ■§• 
nufactures  of  tliat  kingdnm  were  transferred  to  othi>r  nations. 

or  those  who  look  rf^fnge  in  England  wu  Papin,  a  native  of  Bloii;  ■ 
phytiician  and  philosopher,  and  one  of  the  most  talented  of  the  early  ei- 
perimentors  on  aleain  and  air :  a  man  of  whom  any  country  mijzht  ht^ 
been  proud,  and  who,  though  France  tAm  cast  out  u  n  di«grace.  the 
tuiw  cliums  honor  to  herself  fur  having  given  him  birth;  and  mouru  tint 
the  records  of  his  labors  are  only  to  be  fouuil  in  fureign  archtv««.  Wlai 
a  cnmmcniary  on  rchgious  persecution,  that  the  only  claims  which  RoBM 
Catholic  France  haa  or  can  set  up  for  a  share  in  the  inrendno  of  thi 
steam-engine,  are  based  on  the  ingenuity  of  a  Jew  and  a  Protestant !— ea 
Solomon  Decaus  and  l>eayB  Papiii. 

Through  the  influence  of  ihti  celebrated  Boyle,  Papin  wa«  elected  a 
fellow  of  the  British  Itoyal  Society  in  December,  16S0.  He  wm  an  afi* 
live  and  useful  member,  and  ccmtributed  several  int^reniiig  papers  to  tbo 
Society's  Trausscliona.  In  1691  he  invented  ametliod  of  softftning  boDM, 
with  a  view  to  uxtract  nourishing  food  fromtliem,  vix.  hy  submitting  then 
to  the  action  of  steam  at  high  tetnperatures,in  dote  veueu  naowd  Jijfafm. 


po»moua  ue  liiejr.  The  Orders  ir^n  derived  from  nil  *nrt»  of  thtnr*.  as  tha 
Mtnn,  di'it*,  horvMi,  Hwontj^  Hawfr*.  *ion*ti.  ibnWn,  biril*.  pic*.  Hut  ^iiar,  Kiupb.  Miiit»i 
wftHMii — Atxl  ihnrn  «IM  •len  au  ordirr  of  faaU  .'— -flfiptMirt*,  tlnatlra.  moiintuniL  b)o«d. 
woal.  B  lablf — laA  who  doe*  not  ktitrw  that  "  the  matt  hvaonhU  "  at  rngliah  OnlsnM 
tho  pn-miii  Any  nr*  ihmn  of  Ih*  hatkiMg  Init.  or  balk  '  and  at  llio  gflf  '  The  vspaqi^ 
nic*  4tl»udintt  thr^  rtin  rnilr  tw  wjii:iired  fur  iiiiiinn)'*iK!*  am)  childiih  pn«rililla«bf  As 
oM  inivdeilM,  w  \hvm  of  "  Tha  Bisbva  of  Toolt "  and  "  The  Abtaac  a(  L'anaMa.* 
Sooh  are  iht  ihiaiw  that  distiuaiili  **Um  arirtlsfsri  ftrden"  vf  rnrnps  Ihsr  an 
dMmed  tuoemmry  u  nuoBia  "  ina  4ffHl^  sr  iha  niown. "— and  ilw<"  -    -^- 

pMpte. 
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Tlwro  ieenu  however  lo  be  umie  mistake  reapeciitifl;  the  date  joM  tiwii- 

liuu«J.  whk-h  in  (lie  otx*  g«mcr«lly  BSBigneJ;  lar  in  the  aecoiid  volume  of 

I  Bojiic*"  Works  (l)y  Shaw,  l^n.  17S5)  urc  details  of  exporimcotj  on  boLliug 

I  b«nif  iic.  "  ill  screw'd  vesuM  or  digcstora,"  in  ihc  bcginnini;  of  tiie  year 

i  1679 — thus ;  "  Jantmry  29,     Eight  days  ago  I  fiU'd  a  scrcw'd  vcnael  with 

llwwf  Olid  war<*r  logpiher,  sikI  -whon  it  bad  continued  over  a  moderste   fir* 

ifiir  8  tir  £>  hrtiirg  in  halnto  maritt  [a  water  bath]  ilopp'd  also  with  a  screw, 

look  the  fiteh  out,"'  hv,     "  Fob.  10.     I  hoil'd  a  cow  heol  after  the  saioe 

[niUkDer  as  I  had  done  thi-  fle«h  above  mention'd,  but  left  it  for  four  hours 

moro  Dpon  a  mofb-mte  firo ;  thi-n  the  vessels  being  nnstnpp'd,  we  found 

IiIm!  fleah  ex«*cdinglv  well  boiled,  and  the  bones  «o  soft  thai  they  inip|;hl  ba 

|e«mly  cut  wilh  a  knife  and  caren."     "  Feb.  12.  I  repeated  ihc  cxperinienl 

land  let  the  v(-s«?l  remain  Rxpo»ed  to  the  fire  for  12  hours,"  fce.  -  -  -  -  - 

**  Hence  it  appears  that  many  bones  and  hard  tendons,  M-hich  we  daily 

throvr  away  aa  unprofitable,  may,  by  the  help  of  a  halrtro  maritr  sloppM 

with  a  screw,  be  converted  into  gooii  nourishment."  pp.  650,  A61. 

I'api.'i's  finrt  digi!>ter«  wor<t  as  Itahls  to  b«   rent   naunder  as  eolipilea 

?}aeed  on  a  firfi  with  their  orificM-n  stoppi-d.  They  are  figured  in  detail  in 
'oliniere'*  Brptrienctt  tie  Phytiquf,  Sd  eil.  Paris  1718.  Each  consiated 
I  of  a  short  hut  very  rliick  lulw,  of  bell-metal,  about  n  fool  in  length  and 
five  inches  in  diameter,  wilh  on«  end  closed.  Th«  open  end  had  a  collar 
cast  on  il,  to  which  the  cap  or  eovor  was  sttcurod  liy  clampii  and  a  screw. 
The  cover  and  end  of  the  tube  wore  ground  togifiher  au  us  lo  fit  air-tight, 
hko  a  valve  to  its  seat.  A  (ew  hones  and  a  litUr  water  were  put  in,  and 
the  cover  screwed  down  ;  the  yemwl  was  then  hiiil  in  a  hi)rii:onlal  poditmn 
on  i  bed  of  charcoal  in  a  long  iron  grate.  The  almiMt  unavoidable  rup* 
lore  of  ihc»c  vessels,  led  Papin  to  the  inVeolion  of  the  lover  wtfety-valve, 
which  he  first  applied  to  them,  and  afterwards  lo  machines  lor  raising; 
water  by  »team. 

NotwiihstanJing  the  practical  knowledge  of  the  properties  of  Hieam 
acnuircd  by  the  employment  of  digester),  Papin  does  not  appear  to  have 
had  any  idea  of  using  ii  as  a  meclmnical  agent  till  some  years  after.  Hta 
firtt  paper  on  the  subject  of  raising  water  is  dated  July,  1GS5,  (Phil.Trana, 
vol.  XV,  page  1093;  Abridgment,  vol.  i,  page  639)  entitled  "  A  New  Way 
of  Raising  Water,  enigmatically  proposed."  Three  different  solutiotM 
were  sent  in,  after  which  he  explained.  The  device  was  a  tmall  fountain, 
in  which  the  liuuid  was  raised  by  a  piston  bellows  "  put  in  some  secret 
place,  where  a  nody  may  play  the  same."  The  application  of  the  device 
was  then  pointed  out,  vie.  to  draw  water  from  mines,  hy  means  of  a  run- 
Ding  ulream  located  "  far  distant "  from  them  ;  in  other  words,  to  transmit 
power  t/>  a  conniderable  distance  bv  means  of  air. 

His  plan  was  rhis  :  a  series  of  air-tighi  receivers  were  to  be  placed.  18 
f*^I  alwire  e«eh  other,  in  the  shaft  ;  the  highest  on  a  level  with  the  ground, 
aod  the  lowest  12  feet  shove  the  bottom  of  the  pit.  The  water  was  In  be 
transferred  by  the  pressure  of  the  Bimosnhere  from  one  receiver  ni  ant^ 
iher,  Itll  it  was  discharged  above.  For  thin  purposes  pipe  extended  from 
the  wafer  I*i  the  bottom  of  the  lowest  vessel ;  annlher  pipe  from  the  lo«'er 
mrt  of  thtj>  to  the  next  one,  and  so  on  to  the  lop  ;  and  to  prevent  the  water 
frotn  running  hack,  the  upper  orifice  of  each  pipe  was  covered  by  a  vs]»-». 
The  TDodv  by  which  he  altemsiely  withdrew  air  from  and  admitted  it  into 
the  receiver*,  constitutes  the  main  feature  of  the  plan.  The  up^wr  parts 
of  evrry  two  rr«ercers  were  connected  by  branch  pipes  to  a  long  one  trt- 
tiiched  to  the  bottom  oT  a  trpartW  air-pump,  which  u~as  to  Iw  plar«d  near  a 
w;ii-  '  '  impelled  bv  the  current ;  and  the  piston  waa  to  be  worked  hy 
a  <-'  ..'d  on  the  cnal't  of  the  wheel.     The  operation  of  two  pump* 
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and  four  receiver*  will  be  siifficiem  for  the  purpote  of  iUunrtDoti. 
pump  cylindi^n  were  open  ni  the  top.     Thoy  hftd  no  vftlves,  mnii  )>ut 
•mall  opening  M  the  Ixitmm  of  trach  where  the  long  tir-pipe  wa»  unL 
and  the  capacity  ofeofh  cylinder  was  eijual  to  that  of  two  rec«ivcn.   TV 
cranka  were  so  arranged  tluu  aa  one  piston  a»cended  the  other  t)ea«.i>dni. 
It  waa  not  two  adjoining  receivers  that  were  connected  to  the  unM  pump, 
but  the  lowest  and  the  next  bat  one  aKnve  ii,  i.  e.  Nos.  1  and  3.  ythlie  la 
No«.  8  and  i  the  pipe  of  the  other  pomp  wa«,  attached.     Then  a*  tiw 
picion  of  the  first  mentioniKl  pump  waB  raised,  the  air  in  Nos.  1  ■nJ'J 
would  he  raretied  hy  ruahiiig  into  the  pump  eylinder,  and  water  woald  he 
Airced  into  them  hy  the  atmasphere :  tn  the  mean   time  the  other  puooi 
would  producu  a  partial  Taciram  in  Nos.  2  and  i,  and  iht>^  wnnld  bMOU 
filled  with  the  liijuid  eontenta  of  Km.  I  and  3,  in  eonsef^nence  of  the 
prerioualy  In  those  being  driven  back  b^  the  descent  of  the  pisuw; 
that  as  the  wheo)  ruvnlvud.  watt-r  would  constantly-  ho  rnterins  one 
of  the  reoeivers,  and  the  conlenta  of  the  other  half  be  discharging, 
the  water  was  to  be  delivi-rod  from  the  highest  rereiver  Papin   ha 
informed   us — probahly  through  an  orificu-   covered   by  a   valve  o|mii 
ouiwarda. 

Thid  project  was  inguoiuua,  but  of  no  practical  value ;  and  it  failed 
in  an  experimDnt.     In  consL>(]uoncc  nP  inc  extreme  elasticity  of  air, 
the  great  facility  with  which  it  dilates  and  is  compremod,  little  or  no* 
waa  produced  by  the  uclion  of  the  pump«.    When  a  piston  deseendeil,  At 
air  in  the  long  pipe  readily  yielded  to  its  impulBc  witliout  imi 
very  sensible  compmaaiiin  in  the  receivers ;  and  on  the  piston** 
air  in  the  pipti  again  dilated  and  no  suffidont  rarcEucaon  took 
wmMrqucnce  of  the  great  distance  of  the  rec«rar  from  the  ex 
apparatus. 

Oo  the  feiture  of  this  he  deviaed  another  plan.     SuppoMii,  for  example, 
that  it  was  rc<]uired  to  ntise  water  oat  of  amine,  and   that  there  waa  na 
river  to  turn  a  wheel  to  work  ihe  pumps  nearer  than  a  mile.     Papia  p(» 
posed  to  place  two  air-pump  cylinders  fitted  with  pistons  near  the  watef 
wheel,  and  other  two  at  the  mouth  of  the  mine.     TIiom  were  to  be  eon- 
nected  by  a  pipe.     The  uciion  of  the  pistons  moved  by  the  wheel  was  ■) 
emaprm  the  air  in  the  cylinders,  and  in  the  pipe  throughoiit  its  wMi 
length,  UTtder  the  idea  that  when  the  pistons  nt  one  end  of  the  pipe  mn 
depressed,  those  ai  the  other  would,  by  the  communicarion  of  pr«Mami 
be  elevated ;  hut  although  ihi>  pistons  moved   by  the  water-wheel  rib- 
densed   the  air,  those  nt   llie   mine   Hood  still.     The  same  cause  thai 
Papin  to  abandon  ihe  fir«t  device,  nisu  rendered  this  one  useless.     If 
were  incompreisible,  the  plan  would  have  answered :  had  he  empli  ^ 
watfT  insteud  of  nir,  the  machine  would  have  performed.  Nurhing  daanteJ 
however,  he  tried  again  in  168G.  and  with  a  somewhat  similar  apparaias, 
bai  one  whose  action  depended  upon  the  rarrfartiam  of  air.     Two  lai^ 
air  cylinders,  open  at  top,  were  placed  a  short  dtxtarK't'  apart  at  the  mowtli 
of  the  mine,  and  din>ctly  aver  tnem  a  cylindrical  shaA  ur  axle,  mpponp^ 
oa  journal-^  at  each  end.     Instead  of  rods  being  attached  to  the  pi^^^^l 
■trong  rope  was  fastened  to  the  centre  of  each,  and  c-oiled   lhr*«^^^^| 
times  round  the  axle  in  oppusile  directions,  and  fastened  to  iL      0«um^^ 
the  cylinders  n  Inrge  drum  or  wheel  waa  fixed  upon  the  axle,  having  a 
long  mpe  wound  round  it,  anil  the  two  ends  (of  the  rope)  soapriMltfd  mm 
apposite  aides  reached  half  way  down  the  mine.   To  these  enda  two  laip    , 
Mioketa  wore  aiiaohed,  iu  which  ui  raise  the  water      Aa  tha  drum  MrnM 
fint  one  way  und  then  ibe  uther,  one  bucket  would  Iw  nuaed  and  the  athsr    I 
lowered,  like  two  buckuia  eua^u^Ve^  over  «  \m\\e^W»,^*^  *V>aa4)nH^ 
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of  tilt!  air  cyliaden  w*i  ihorvrorc  lo  impiul  «n  ■llerniite  movement  to  (he 
rttxie  imd  arum,  and  consequently  to  the  liuckeu,  by  the  dttceril  of  tho 
I  pulotw.  (Tho  power  rliat  forced  thctfe  down  was  ifae  prewure  of  the  at- 
:  inasphere,  and  the  manner  orexciting  it  will  presently  be  noticed.)  Heixw 
as  one  piston  dcscendedt  iha  rope  secured  to  ii  necesearity  drew  round 
I  tht!  axle,  and  ruiaed  tbo  other;  and  when  (lii«  one  in  it«  torn  wa«  forced 
i  down,  the  movement  wu  reversed  and  the  6r»t  one  raised. 

A  cnmmunication  was  made  between  the  underside  nf  the  two  cylinders 
fay  a  pipe,  and  lo  this  anotlier  long  one  wad  attached  at  right  angles.  This 
last  pipe  was  in  be  of  such  a  length  as  to  reach  to  the  place  where  an 
under  or  .nvr^iix  wheel  could  be'spplied  tn  work  two  air-pumps.  These 
Trere  to  \>*:  furtii^keil  with  valves  ana  suckerii  lilie  common  mucking  pumps, 
atwj  to  the  lower  purt  of  each  ihn  exhausting  pipe  was  to  he  connected  by 
ft  branch.  These  pumps  would  therefore  draw  the  air  out  of  the  cylinders 
fti  the  mine,  and  oonset^nently  caune  the  pistons  in  them  to  descend.  For 
this  purpose,  however,  some  device  for  altemncely  opening  and  closing 
I  the  oonimunicalion  of  each  cylinder  with  thn  exhausting  pipe  was  required ; 
'  because  if  a  vacnum  were  made  in  both  cylinders  at  the  same  time,  tho 
ptessiire  of  th«  Mimoajihere  on  hoth  piatnns  would  lie  the  same,  lind  neither 
of  them  would  move.  Tn  avoid  this,  P&pin  introduced  at  the  iiitt.TM*ctioti 
of  the  exIiHuvlirig  pipe  with  the  one  that  connected  the  cylinder*,  a  four* 
way  cock — tliree  of  lU  passages  being  joined  to  the  three  liranrlien  formed 
by  the  iuterseciioti  of  the  pipes,  while  the  fourth  one  opened  to  the  air. 
Thus,  auppoaing  the  pumps  to  be  constantly  at  work,  and  the  plug  of  the 
eo«k  so  turned  dial  the  air  in  one  cylinder  at  the  mine  might  be  drawn 
out.  the  aunoaphere  would  then  push  down  the  pi»ton,  provided  the  ex- 
temnl  air  had  access  lo  the  under  aide  of  the  other  piston.  This  was  that 
which  the  fourth  passage  of  the  cock  was  designed  to  accomplish;  for 
whenever  one  cylinder  was  in  communication  with  the  exhausting  pipe  the 
other  was  in  communication  with  this  passage,  anci  hence  by  turning  the 
cock  a  constant  reciprocating  motion  was  imparted  to  the  axle,  drum  and 
buckets. 

A  project  something  like  this,  Papin  thought,  might  be  applied  to  work 
the  pumps  of  the  great  mschine  at  Marli,  (sec  page  S96)^the  power  of 
the  water-wheels  on  tlie  d4*ine  being  transmitted  by  nir  itistcad  of  chains 
flee.  The  device  is  creditable  to  his  ingenuity,  but  he  was  doomed  ID 
experience  fimher  disappointment ;  for.'on  trial,  the  air  was  so  alowly 
drawn  from  the  cylinders,  and  the  difficulties  of  making  the  pistnns  work 
air-tight  were  so  great,  lliat  no  practical  benetit  could  liA  derived  by  its 
adoption.  He  enlarged  his  ptitnps  and  diminished  the  lore  of  the  pipes 
in  order  to  arcelerate  the  movement  of  the  pialons.  but  wiihotit  success. 
Had  he  placed  n  close  veasel,  swernl  times  Urgrr  ttinii  hm  eylitiders,  in 
cotnmuniration  with  (Ite  fsrlher  end  of  the  exhsusciii^  P'p''>  '■"''  ■■>  which 
a  constant  vacuum  was  maintained,  then,  on  tiinitng  iho  Cork,  the  air  in 
the  cylinder  wnuld  have  rushed  into  this  vessel,  anil  the  piMton  would  im- 
mediately brein  In  drscend.  This  mode  of  tranvmitting  power  ■»  capable 
of  sntnr  useful  applications.  See  an  account  of  a  pmposed  pneumatic 
rmil-way  in  the  current  journals  o(  the  day. 

Altlioogh  x\\i:if.  attempts  to  rai»«'  water  and  transmit  power  by  means 
nf  air  Were  unsuccessful,  they  are  iiiterrsting  for  the  ingenuity  displayed, 
and  alio  because  their  failure  led  Papin  to  the  employment  of  other  agants. 
Havii^  been  invited  by  the  Landgrave  of  Hesse  to  accejH  the  professor- 
ship of  matheraatics  m  the  iini*-ensily  of  Marjrurg,  in  Oemiany,  be  IvA 
Et -'  '  -  J687;  but  shortly  before  his  departure,  he  exhibited  to  th« 
H'  Y  soma  experiments  on  tlio  applicalion  oV  )jui»yov(ii«t  Wi  v'** 
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iluce  a  vacuam.    Hu  spparatui  eonaHed  of  a  antall  cylmder,  ia  vMA  i 

Cistoii  like  tbuc  of  a  vominon  pump-suclLer  (viz.  with  an  uperture  corend 
y  a  valve)  wan  fiuetl  U)  move.     The  boUom  of  tbu  c^lioder  wsa  clwrd. 
and  wheii  thu  piiton  was  near   the  top  be  exploded  a  smalt  cborire  t>f 
puwdvr  l)«low  it.  with  the  hope  tiiaL  the  Midden  blsst  olBotiMi  waul' 
alt  the  air  through  the  valve,  which  inetantly  clusiog  would   yrv 
■■eturii.     A  vucuuin  beine  thu»  tVirmed,   the  presaure   of  the  Btini<-|^'^ 
would  he  excited  and  might  be   lued  u  a  scarce  of  powur.     H>.-  .<  > .: 
not  however  succeed   iu  driving  out  all  th«  air  by   the  explonon.  uhI 
the  pre&suro  on  tlK>  pislon,  (a»c«ruined  by  attaching   weighu  to  a  rv|]« 
piUded  over  a  puilvy  and  connected   to  ibc  piston  rod)  insieaiJ  uf  lri»g 
X3  or  14  paunds  on  the  sJiuarc  inch,  seldom  rxct'cded  WX  or  seven.     He 
published  811  account  of  tfie**!  i,'xp*fnm«nu  llic  following  year  in  the  Attt 
EnidilontM,nlonnin\  y>\i\Ai*\t^\\  ax  Li!i{wic,and  which  was  tutierniaovwlai 
the  JouTfial  des  Suviuis  wn«  to  Fnuice  and  the  Phitoaophiciil  Transwtiani 
to  England.     It  wm  commenciMl  in  1G83,  and  Itoth  th«  latter  in  1666. 

tn  169D,  Pupin,  unatbln  to  ubuiin  a  HuHirienl  vacuum  with  gunpowder. 
turnud  ins  attonlir^n  tn  xteam.  In  one  of  hi>  fim  eaaays  be  rai«r<j  ike 
piston  by  iu  cxpanaive  frircH  ;  und  then  allowing  it  tim«  tii  cnol  and  rMum 
to  it«  fiirmrr  tiulk  iw  n  liaiiid,  the  pressure  vf  the  air  fiirced  the  piBton  b«ck. 
His  i:ylinder  wiut  2}  inchtu  diameter,  and  closed  at  tlir  bottom.  A  *IB|U 
ijuanlity  of  WHter  wiu>  inlnnluced  lhr»uf;h  it  bole  in  llui  pistuo,  wbicb  «ai 
puMlie^l  down  tfi  exclude  the  air  lielow  it,  and  the  hi>l«  thnn  stopped  h|« 
plug.  A  bmsier  of  burning  coals  was  now  applied  to  the  Ixittoni  nflk 
cylinder,  Miid  tbe  |nston  consequently  raistnl  by  the  accumulating  vim. 
WhtTii  llie  ptiitDn  reached  nearly  la  the  top  uf  iht-  cyliiMlcr,  it  wfts  rwliiiMd 
there  by  a  latch  slippcJ  into  a  »oLch  io  th«  piston  rod  :  the  fire  wu  op* 
r«moved,  and  tW  steam  quickly  condenwd  by  tliu  lower  teiaperuurr  of 
the  surrounding  air :  the  latch  waa  removed,  and  the  aUnoapberr  prMseJ 
the  piaton  down  and  raised  a  load  of  (10  pound*,  which  was  attached  Ins 
rope  and  pulley  to  the  piston  rod.  being  an  effective  Itrrco  of  \i^  piitinU 
upon  every  simare  inch  on  the  upper  lurface  uf  tlie  pisltm.*  A  df^ficeof 
this  kind  Papin  tbouglit  was  applicable  to  draw  wuer  from  mines,  ani  10 
row  boats  against  wind  and  tide. 

It  does  not  appear  that  Papin  made  any  esfCntial  improvetncnt  OB  At 
apparatus  during  the  four  following  year*;   for  when   be  published  liii 
"  ueeueil  de«  diverse  Pii}res  touthant  quel(]ues  Nouvt-Ilcs   Machisafi  M 
aulres  Sujets  Philosophlfjues.par  M.  D.  Papin.  Dr.en  HeJ,  ACaaol,  109S|' 
he  stitl  contemplated  generating  the  steam  in  the  cylinders ;  and  at  av  " 
stroke  thi^se  were  either  moved  from  thf  fire,  or  ilie  fire  frvm  tliesB. 
sstonifihing  that  the  idea  of  a  fix^d  and  separate  Imiler  did  not  occur  *> 
His  plan  was  never  tried  except  as  an  experiment ;  and  \m  Miliavqai 
abaiiJoin'J  (he  use  of  cylinders  and  pistons,  and  applied  MCSJn  tn  rai'e 
water  on  the  plan  oi  Worcester's  6Sth  proposition.     This  w«s  unfiirtunM^J 
for  bi«  fame ;  (or  in  his  experimettts  with  the  piston  and  cylinder  he  'M^| 
in  possession  of  every  principle  of  the  low-pressure  steam-rnginp,  aiHlli^H 
ha  followed  up  the  device  he  would  have  borne  off  tlie  palm  fmm  all  bii 
cotucmporuries-     Kven  thu  high-pressure  engiiw,  and  all  the  glorjr  of  iti 
devulopment,  was  then  writhin  his   reach ;  but  be  was  no   ptaeoeal  taif- 
citanic,  and  his  thoughts  became  diverted  into  other  fthannel*.    Oam  oTtlw 


■  It  i>  im]inM>lilo  to  conteniplsie  tb«  rnnan)  attevpt*  of  Pspin  la  law*  s  staua  W 
aimtryttric  fn-fasitrr,  witboni  iioiicnig  tlM  nitslug)'  bstwircn  bis  canvtvaiKW  surf  Mm  of 
(iuvrnrke.  sud  willMot  ibuikiuK  tW  4m  «pf«n\ak  ut  Viiv  V>'^«wf^  wm 
111  his  Dund. 
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nMWt  plcBiin^  and  lionoratilc  ctrrtimstanccs  connPcUid  with  thf  history  nf 
P«pi»i'»  tftlicitv,  in  till;  caniiid  mltiiinonti  of"  «ev«<ral  Knglish  wr«»<r«  ot'  hia 
l^n-tU  nif.riin,  ftnd  ihctr  gi*m-r<]u*lj'  KX)irr»3iiig  n'grot  lluit  his  •ttrniion 
■luiuld  ii»ve  Iweii  iIivitHhI  when  !»■  w«»  bo  nf»r  n-atixing  the  most  s[>l(*ii- 
ilid  rr>wart].  Hik  niiinc  ■■  howt-vcr  insciiarulit^'  i-oiiiiectr-d  with  the  Hti'im- 
titigitir,  and  it«  luiijj  a<  tii«  fKfvty-viiiv**  *)\a\\  Ik:  u»vd  the  world  will  I>p  bt6 
dobtor 

It  sboald  nut  hnwurer  be  »ii])[>o«t:d  that  Mfetjf'Vulvei  wrrr  wliolly  un- 
known bwfure  PupiD**  timv;  on  ibi;  wmlrary,  they  werv  fretjut^nlly  u»«d, 
•Itjiuugh  thia  fttct  hu  nut  )>een  iiolicod  by  any  writer  un  th«  »tt;aiif 
angine.  Tb«  liKhilily  of  «ttlU  and  relurls  to  be  rent  aatinder  Inl  old  ch>^> 
tniBt*  to  apt'ly  p'^K'  ^'  openings  in  thoHe  veKM^U,  that  iho  Vi(|K>r  inigbt 
pu>D  or  dnvi*  toem  out  and  escap«»  ere  ita  tenaion  rxc<N?deil  thf  »(n'iigth 
of  tkr  vi*iMtfU  :  anch  were  the  pluga  in  ancient  steam  denies,  Kee  |mfiK  399. 
}n  snnie  old  works  on  dt!itil)iii)f,  conical  plugfr  or  vnlves  itre  Nhown  iiN  fitted 
toto  riiviii««  on  the  lo^w  of  boilcra,  and  in  fomv  caa«8  (hey  wei-e  li.<«ded. 
In  the  "  MinfM  Rti^tquf  de  >[ni9tres  Charle»  Estienne  et  Jean  Liebaull, 
Doctvurs  en  Medt-eitie,"  Pari*,  lo7'l,  folio  I9ti,  I9V,  are  fiyure*  of  two 
c/mt  boilers  in  which  the  distilling  vessels  were  heated  :  one  formed  a 
wottT,  the  crtbera  vajior  bath.  Qri  the  top  of  each  is  a  conical  vulveopen- 
ifig  t)MwarxIs.  Tiieiie  served  both  to  lei  out  the  superfluous  tue^m  and  lo 
introduce  water.  G-iauber,  who  contributed  several  valuable  nddiliona  to 
tbe  mechanical  department  of  chemistry,  has  figured  and  descnlx-d,  in  his 
Troaiise  on  Philosophical  Furnaces,  ihe  modes  by  which  he  prevented 
Iflu*  retorta  or  stills  from  being  burst  by  the  vapor.  A  long  Etopple  or 
Ooowal  valve  was  fined  to  the  neck  of  each,  being  grouOd  air-light  to  its 
•est,  and  loaded  wiih  a  "  cap  of  load,"  so  that  when  tlie  steam  became  too 
"  high  "  It  slightly  raised  the  valvo  and  a  portion  escaped ;  (he  valve  then 
closed  again  of  itself,  "  being  pre6«od  down  with  rho  leaden  cup  and  so 
nvpt  close."  (English  Tmnslalion,  Lond.  J65I,  p.  306.)  The  ralve  on 
Newcomen's  firtii  engine  wns  ofihis  description.  In  the  same  work  UUlu- 
ber  describes  the  most  phiUwophicnl  of  ilII  snfety -valves,  vix,  n  column  of 
mcrcuiy  enclosed  in  a  bent  Inb*-  which  commiinic-ites  with  the  boiler  or 
Still,  soToowhai  like  the  modrrn  mrrrurinl  guuKe.  He  also  descriWs  that 
beaiittful  modification  of  it  known  smong  chemists  us  the  wiitcr  lute,  nr 
quicksilver  lute :  that  is,  An)nrt<l  the  month  or  nrck  of  a  vessrl  a  dvep 
Ckvi^  is  formed  and  partly  filled  with  water  or  mercury,  as  (he  ra«o  may 
be.  A  cylindrical  vcsav],  open  at  top  and  closud  at  hultoro.  forms  tliu 
enver:  it  it  tovcrlud,  llie  upen  end  being  placud  in  the  cavity  uini  dipping 
■s  far  into  ihu  litjuid  as  tlie  iiileriiiLl  pressure  oiuy  rrtjuirc.  In  "  The  Art 
of  Di«tillatiijD,  or  a  Treutisu  of  the  choisest  Spagyrical  Kxperimeuls,"  &c. 
by  John  Frooch.  Doctur  of  Physic.  Loud.  I6-'>I,  llie  author  describes  ihe 
some  devices  fur  prL-vcnting  the  explosion  uf  vei^H.-lE  as  those  mentioned 
bv  (Tlaobtrr.  Speaking  of  tliv  acciuu  of  such  sali'ty-vDivos  he  obserTe^, 
(paec  7)  "upon  the  top  of  a  stopple  [valve]  there  may  be  fastened  some 
tcaJ,  that  if  thn  spirit  bo  tot^  firung,  it  will  only  heave  up  the  stopple  hjhI 
let  it  fnil  down  again."  Papin's  claim  therefore  is  not  to  rJie  valve  itself, 
but  to  its  intpr^ivement,  or  rather  to  the  mode  of  applving  it  by  moans  of 
•  lever  and  moveablt:  weight;  thereby  not  onlv  prevoniiiig  ihe  valve  from 
being  blown  entirely  out  of  its  place,  but  regulating  the  prcs«ure  at  wilt, 
and  TTudentig  tlie  device  of  oitiveraal  application. 

It  WBJi  not  till  some  years  after  Savery  liad  introduced  his  steam  machine 
(bat  Papln  proptMHid  the  fullowing  one,  which  he  announced  in  a  work 
mlilli^d  "  Niiuvelle  msniere  pour  lever  I'cau  par  la  force  da  feu,  miae  en 
lumii^,  pur  ."^1   D.  Papin,  Dociear  en  Med.  Pnif.  en  Mu^^cto.  ^Citv^V, 
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1707."     It  ii  iiiwftted  here  out  of  ehrooolojpcal  order.  Ui  keep  tk'n  sod 
of  hu  lobort  uuItqImo. 
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A  copper  boiler.  A,  ix  ml  in  hrtck  work  and   fur-Riitlifid   with  «  f^ei 
valve,  B,  wbow  Iwer  is  landed  wiifa  0%«  weight  C.     Th«  ateum  Ptpea 
cock  D  connect  the  boiWr  with  the  receiving  cylinder  F,     A  IwiUowflott 
or  piston  u  made  to  move  easily  in  P,  to  prevent  tlie  sluaio  from  n-rvL' 
in  contact  with  the  water.     A  cnvity  is  made  in  thi«  fiont  Tcir  the  f>-'  < 
of  an  iron  heater,  Z,  designed  to  keen  up  th«  temporal ur<?  of  thi-     > 
when  the  latter  I*  admitted  into  F.      'Ihohenlvr  m  mlmilli^d   Uirri'i   i' 
opening  on  ihu  top  of  F,  which  is  dosed  by   the  valve  (i.     S,  a  !  ri' i 
through  which  the  water  lo  be  raised  is  introduced,  which  ««  kepi  (>•";:  r.- 
turning  by  closing  the  cocJs  or  valve  H.    The  lower  part  of  P  i»  roii!ii'''J 
with  tl»e  rising  main  K.  by  a  curved  and  tapertid   tube.     Tl"-  pif^  K  t" 
minutes  in  a  rewrrvoir  or  air  chamber,  whence  ilie  water  is  di 
the  pip«  O  ujWfi  an  ovemhol  wht'cl,  or  conveyi'd  tn  lliri  place  v  > 
be  required.     It  (be  receiver  bi'  charged  fmm  )>ebiw,  a  sucttun  ptpi'  <, 
perfectly  reprewnlod    by  tite  p'pe  I)  wh«  continuifd  to  ll  fmin  tbi-  uiwi 
•ide  of  the  curved  pipe.     The  steam  flawing  through  ihe  p'p*  I*  jinf*"* 
down  the  piston,  and  tlie  water  beneath  it  »•  Jbrced  ttp  ihe  pipe  K.  n^ 
valve  at  the  lower  part  of  K.  prevonling  its  reiarn.)    When  tlie  pu.i[ii  "*' 
reached  the  buttom  of  F,  djc  cock  D  ia  shut  and  the  one  mar**-'-'  ■'    ■ 
opened.     U  is  then  opened,  and  the  water  ruiK's  in  and  driven    .' 
piEioo  aa  before,  when  the  operation  is  n*pest«Nl,     Water  was  nuieu  tn 
onij  of  iheae  machines  to  au  elevation  of  70  feet,  whoDoe  it  dotcutidedw 
formed  ajet  d'eau  in  the  court  of  ilie  Hessiati  Acadeiay  of  Aru. 

Bclidor  inserted  a  figure  and  doscnptioii  of  ihis  uuwhtne  la  the  HMCn 
vdIuomi  of  his  Archiiecltire  Hydraulique,  p.  3S8.  ~ 
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CHAPTER    VITI. 


■atan  «MMaHp«r«rr  wiU  Pk|ti»— 8«nn^-TM«  twfttttM  yAXt^m  Mi  iBWlow  a*t 
I  for  JirviH-Uiiif  Knrlv— lltJioW  ihe  SiarviijnxnfihnNavylbrappMlag  li— Jl  I*  Am  iispiirlBaiitt 
■mn  ■(■*w  ikula  la  ■  Miini'^Moiiitl  *f  thflM  ^f  Drttg'tUrtt  uJ  S*IUn— d«r<n''<  '"*  «R>lii*-'lu 
arantHM — Rii(in»  •lUi  •  iii^ls  neeltw  Wxciy't  tai|iniiril  ruftum  dimilml--0 (ii|a  rock*— Bicil- 
l*Bi  (««■■■■  »t  kM  i«j-in*mr  cxfiB* — (i>  rnrtoa*  pvta  4«>n(t*ti  l>rroH|r<ip(  itrvvt— Had  osaaAty- 
t«lrt— Jt^netcJ  by  uo*n  so  ntniHRI  at  Ibc  d«ar*i  fmni  itie  hnilm  ■  ipliKliKt— 3iiUi«  MalMd  by 
rt*>M — U|>iDMB*  rrtpKilkf  (ha  ■*!((■  uf  tta^vrr^  ancl>*— It  bvua  no  nIMlcn  id  tt*  pWoa  M^la* 
MuiliKi-MliiMn  nf  S«frtj'»  ■finw  by  Ilsiaiiitkri.  l.t«|inU.  BUh*;  tn-'  tlhTfr-IHt-ni  riigint  bgp 
iMaan— D*  Rifiij— Pnatnuuiil-MlKn— AMonioi'i  An  wiTl— Sb^-h^w  —J  Ck«lijh- 
r  Miyl*C  Mpedar  la  ttavorjV-N'ainmaa  aciiBtlairiJ  sllh  tlia  |>miuiu  m%fimima9»x  tt  Pa|t4iH- 
acM  hrar^truUvl>l»4<MUaa  Ar5fl<n«a«B'>c«ri'it~t>M<niMiHi«/  It— Ca«l*aMIIa*  by 
Ik^wtMD  dxruKreil  Itj-  <luD« — L'bdu  abd  Bactvn— ^aicry'a  clain  Id  a  nharo  ta  Naaro^WB^  pauol  as 
nainm  an* — liana  of  KoavavMi  aad  Cavtaj.  ■ 


BoUi  philu«uphers  oiul  niectuiiiics  were  ongagi>d  m  OKpcrim«nu  ou  air 
and  ttcora  mucxiiov*  ubout  thu  «mi«  time  as  PapJu.  Ol  iliefrc,  Savery, 
Aminumr,  Newoomeu  tttiil  Cawlvy  wero  ihe  must  luccevsi'ul.  Tbc  two 
Usl  auoeii  Inve  ixt  j^cuvmU^  bueti  coruKlertKl  su  early  in  itic  Ccld ;  but, 
from  tuy  observation  of  Switzer,  nucli  sp|>ear*  to  have  b«cn  tho  case.  Aa 
weekly  and  monthly  *  Jouriialii  of  Arts'  au*i '  Mechanics'  Magattiwe'  had 
oot  then  been  ititrodaoed.  thow  who  were  diapottcd  to  coiuiiiuiiicatu  their 
diacoveries  to  the  public  hod  no  appronriatc  loediuni  for  doiug  «o.  except 
fay  a  separate  pubhcation,  and  tliia  raoiie  but  an  exceudinu]  v  stiudl  number 

linvontura  ever  adopted  :  hence  it  is  that  not  opily  the  dates  uf  seri-rml 

lent  iuvciitioRS  are  uncertain,  but  nuoierous  du\-ices  and  valuable 

IP  thoLigbcs  have,  with  their  auUiore,  been  constantly  msaing  into 

it  oblivion.     The  history  (ifeteani  aa  a  mechanical  agent  words  sigoal 

proofs  of  the  advantages  orinventors  recording  their  idea« :  thus  the  nam* 
uf  Decaus  had  long  been  forgocten,  when  an  old  tract  of  his  was  disotH 
vered  confining  the  device  we  have  figured  at  page  -110.  This  he  pro- 
bably cunsidemd  the  moat  trifling  thing  in  his  bciok.  yet  on  account  of  it 
a  plaee  has  been  claimed  for  him  amon^  the  immortal  authors  of  the  steani' 
engiDC  MnrelniMl,  of  whose  speaking  trumpiit  nn  aocouni  waa  inserted 
in  the  sixth  volume  of  the  Hhiloiiophical  Trnnflsctionii,  and  hig  ideas  of  the 
power  requireil  to  force  walrr  to  oiHerent  elovatinna  in  the  ninth,  omitted 
ID  publish  through  the  nme  or  any  other  medium  a  description  of  his 
■Utam-engine ;  and  by  this  neglect  has  lost  a  large  portion  of  honor  that 
might  have  been  attached  in  hin  iiamt!.  The  eaatf.  may  be  said  of  Garay, 
Kainseye  and  Worcester.  Savery,  however,  knew  heliur,  for  he  laid  his 
machine  bel'nre  the  Royal  Sncietv  nod  got  it  noticed  in  their  Tnuisacrions; 
and  when  he  had  subRequcmly  improved  it,  ho  published  a  separmie  ac- 
cooni  with  illnatrationfi ;  in  conjietjucnoe  of  which  he  has  sometimes  been 
considered  the  aaihor  aa  well  as  deaeriber  of  the  Arat  working  suam- 
engine. 

Of  Saverv's  pRrsonal  hiMory,  leas  has  tranjipired  than  of  either  More- 

IfTol't.  rif  \\  (irreMer's.     He  evidently  was  a  man  of  great  energy,   who 

rai  :<*  trom  obgruritv  by  lila  talents — n  self-made  man.    According 

;...!.  he  commencPtf  liE?  as  a  working  miiveT.fvnd  An  ^T«c«iatj(Y\ina 
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became  an  «ngiii«ttr  anti  thua  Bcqnir«d  tbe  uUe  of  Captain,  >ywmh|jrj 

a  custom  wKicli  U  oaid  alill  to   prevail  umuiig   i\w  Cornish   miDcn. 
Bw'ilfi  tit  \\«.tt!  ACrjtjir«tl  a  contptiU* »c<?,  if  nut  wvsltli.  previous  to  Uie  ' 
tni- rKjvmriK  iif  hin  ex[>erimentH  on  ateum,  aiiJ  ww  shafl  Giid  that  be  wm  u 
in(ii*p<.'iiii*"><'  tn  \\\*  itjtiril  as  in  hi*   |>ur*<*.     Swiin^r,   who  w'as   intiriu''; 
iicquointcil  wjih  him,  aaya  he  wa<  u  inKiiilitir  nrdiu  hosrd  ofconiraiv-i"  i  ' 
fur  tht-  »tck  snil  wnunded  ;  bui  this  wu  iirotMliI^  in  Uiu  laitt^r  psrt  uC  hu 
lifv.  anJ  *ul>it«t|ueiiC  to  the  iDlrotlucLioii  of  Kii  sttNun  machinvt. 

The  hritE  invention  uf  Saverv  that  \vv  ineet  with  i«  in  a  uanipblet  paK 
liiihtMl  hy  hira  in  I69(j,  on  the  propulftiun  of  nhips  in  a  r»lm.  Hit  plu 
conitisteJ  ol'  pailiilc- wheels  lo  be  wrorked  by  tiie  crew.  In  tho  Hnx  vditiwi 
of  Harria'H  Lexicon  Tecbiiicum.  A.  D.  1704,  there  ia  a  JeacriptioD,  and  a 
the  aeconJ,  17 LO,  a  (t^uru  of  Savery'i  "engine  for  rowing  ships."  A 
hotixontal  ttha/t  puj}4(.'4  through  the  vessel  between  dncrka,  and  tu  eachi 
a  piulille-whcel  la  Mttaclicil.  On  the  midiilu  uj'  tin  abaft  ia  a  pimns 
trundln  whisel,  and  underneath  a  capaUui  upon  which  a  caa  wheel  is  Sjic 
whow  te«lb  arc  made  to  work  between  ihoai!  of  the  pinion.  A  Bumia 
of  bars  are  arranged  in  the  capstan,  and  the  crew  were  In  appl.T  iha 
■tren^i  to  these  as  in  raising  an  anchor.  As  ibe  officers  of  the  luimtrali 
af^r  examination  declined  to  adopt  it,  Savery  telU  tlieoi  he  had  twni 
iroporlant  inventions,  which  he  would  not  disclose  until  they  did  htm  ju 
tice  in  this  !  He  even  held  Up  his  opponents  to  ridicule.  ("Jii  the  Surono 
of  the  Navy,  who  reported  against  the  adoption  of  his  plan  as  one  neitii 
new  nor  usefiil.  be  wM  very  severe.  At  that  timu  lar^e  triga  M'ere  c<ir»- 
moiily  worn,  and  Siivery  gave  a  smarr.  rap  on  that  which  covomd  iha 
head  of  his  official  adiersary-  "  It  is  [he  observed]  as  uorauion  (ur 
and  noiiseose  to  be  dis^ised  by  a  jingle  of  words,  as  for  a  blockhrad  m  l 
hid  by  abundance  of  peruke."  Had  Savery  be*n  of  a  tJinid  dispoiilM«(1 
\v»  should  [trobnbly  never  have  heard  of  him.  After  enduring  mie 
twt>  rebuffs  in  attempting  to  imrodoce  his  in>'euttons,  lie  would  ha%c  iv 
tired  and  sank  unknown  into  the  grave,  like  thousands  of  invenlurs  bcfcra 
him. 

Of  the  few  incidents  pnaserved  respecting  his  private  Ufr,  ther*  ftra  I 
from  which  it  senma  that  he  loved  a  glaas  of  i^ood  wiim*  and  a  pipa  of  i 
Imooo  ;  and  that,  to  obtain  them,  be  was  in  the  hulnt  t>(  visiting  a  1ai 
L^M  not  those  who  esrhew  «uch  things  complain  of  us  for  uniwec 
mentioning  them,  for  Savery's  first  oxperimeiitson  steam  were  insdo  ta  V 
bar>room,  with  a  wine  Haak  and  a  lobarrn  pipe.    At  such  a  place  and  wiik 
«^ch  implements  b<'  ia  «id  to  have  income  arquainled  with  \\\\-.  pniictpN 
of  his  famous  machinp.    Tfan  cirrum*lsnre  has  not  been  cotnmonlv  koow^ 
or  some  scientific  Bonilacu  would,  long  ere  now,  have  adopted   Savery^ 
head  for  a  sign ;  and  artiata  would  have  made  him,  in  the  act  of  exi 
menting,  th**  sulycrt  of  a  picture.     There  is  a  rich  but  neglected  fielo 
historical  painiera  in  the  facia  and  incidents  connected  with  the  origin  i 
development  ofnarfui  mechanism. 

According  tn  Dftaagtiliers,  Savery  declared  that  he  found  out  tlie  l 
of  steam  by  chance,  and  in  the  following  manner:  "  Having  drank  si 
of  Floreno*  [wii»r]  at  a  tavern,  aaid  thrown  the  emptv  flask  upon  ihe 
be  call'd  iftr  a  bason  of  waicr  to  wash  his  hands,  and  perceiving  that  l| 
litlte  wine  h-ft  in  l)ie  flask  hnd  filled  up  (be  flask  with  steam.  )»c  took 
Aaak  by  Ihe  nt-ck  and  pinniped  the  mouth  of  it  andiDr  the  surface  of  tl 
water  in  the  haacm ;   and  iht'  walrr  of  iha   baaon  waa  immedlulelv  drivMB 
np  into  the  flask  by  Mr  prtitur*  oftJu  air."*    This  illustration  of  the  sKCnt 
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into  A  Teasel  rrora  which  lite  air  had  boon  expellctl  b^  «toam.  wu 
arw  not  ttew  in  Savpry's  time,  although  it  ap|MVirfi  to  hnvp  b<>cn  bo 

tSwjtxcr  gives  a  diBcrcnt  account.  "  Thi?  fir»L  hint  Trom  which 
he  tnok  thin  L-nginr  was  from  a  tobacco  pipv,  which  ho  tninicrtt'd 
i>r  «iol  ir,  «a  is  Bomi-timeft  done  :  he  diMovcr'd  hy  Um  rarefarfion 
air  in  the  lube,  \>v  thi-  heat  or  steam  nf  \hf  water  and  t)ir  gnivitau'oii 
pubc  nfthe  exterior  air,  that  the  water  was  mad<>  to  .iitring  through 
ibe  oTthi^  P'P'^  '"  <*  ^'omlerl'ut  sarpn^ing  manner.""  It  u'at  an  old 
ne  of  vftertn  amukiTs,  when  ihiMr  (clav)  pipes  beeamt^  hlaekencil 
Ul'h  use,  and  more  {i.iiticnUrlv  when  chuKud  or  furred  up,  to  gUaec 
tn  a  bright  tin;  till  they  bi-c^tnc  red  hot.  then  to  remove  and  allow 
tn  T'^nl,  By  thi«  njH^mtiriii  they  were  whitened  and  piirifieil  like  the 
.]■-  cliith  nf  llif  atii-ients.  which  wa*  clfjin^ed  in  the  jwme  vetkji. 
ilv  when  taken  fr<im  the  tiro  the  mnnlhit  of  rJie  p!|M*s  were 
wd  •Jowly  Into  water;  itteum  was  thus  formeil,  and  nishing  throngh 
itiea,  waa  anmetimcA  pr>?c«'dr^,  ofuin  aecompaniei^.,  and  tiimerime.4 
f*tl  liy  jt^t«  of  water.  There  ^tv  hiiwrvt-r  different  «iuim*ii,  and  far 
nbviouM  une.«,  for  thn  limiid  issuing  througti  tobacco  pi|>eM  intder  wich 
itrttance*,  ao  that  il  w  diiticult  In  porceivr  what  iiil'wrcmx*  Savery  drew 
■he  ex  perilOfnl. 

t  whalifver  may  hare  led  Savory  to  ihs  subject  ufateam,  be  had  »o 
itured  hia  idea*  respecting  iu  apptiration  to  ral<ie  water  as  lo  erect 

wvrral    fnginea,    and    to   eeeiirc  ft 
K  B  patent  hh  early  &a   ItiBS.     In  June 

H  of  th«*  following  yeaj-  he  submitted 

H  a  wnrk'iiiK  iTiodel  to  tbo  ]{oyal  So- 

B  c  cicty.  and  made  successful  experi- 

^  *■    ™  mentA  with  it  at  the  same  time,     A 


fignrw  of  this  engine  wa^  published 
in  the  Traiisaciions  of  that  yeur,  and 


mav  alfo  he  found  «n  the  first  volume 
of  Ijowthnrp's  Abndgmeiil.  No. 
193  is  a  copy.  It  cnnsiitod  of  a 
close  boiler,  B,  sot  in  a  brirk  furnace 
A,  and  two  receiver*  D  1)  support- 
ed on  a  stand,  aiu)  made  of  strong 
copper  and  air-tight.  Amicdnnpipe 
whose  lowt-r  end  descends  into  a 
well,  or  other  jilare  whence  water 
iaiobe  raised,  (which  may  lie  about 
84  feet  below  I)  D)  ami  whose  up. 
per  pan,  divid*-d  into  two  branchet, 
commiiniraLen  with  the  top  of  iho 
receivers.  Kach  branch  is  fiirniahed 
with  a  i-alve  at  K  E,  npnutntC  Ufv 
wards,  to  pri'vrnl  ihe  woter  irom 
reluming  wbrn  (»nce  raised.  Tho 
low%r  part  of  the  forcing  pipe  G  ha« 

irti  bmnches.  FF,  which  coraniuaicate  wiih  the  bottom  of  the  reccirera, 

leic  bnincliefl  have  also  valve*.  E  E.  hke  the  other*  opening  upwards. 

reccH-er  Inia  n  eommunicalioo  with  the  upper  part  of  the  lioilcr  by 
pi|r«-s  and  coika  C  C 

I?  'ipt  ration  waa  as  follows : — The  boiler  was  two  thirds  filled  with 
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water,  ft  fire  made  under  it  attd  the  siDam  roisod.  Ooe  of  tfaa  eoe\%  < 
then  opened,  and  ihe  su^am  parsing  through  filled  Uie  raosiver  by  drivii 
the  air  prerioualv  within  it  iuEu  tliu  forcing  pipe :  tli«  cock  was  tbea  elowi 
and  the  aioam  within  thu  receiver  sooii  hecame  eoDdunscd  by  tbe  coUair 
in  conuct  with  it«  exterior  nurface,  or  by  pouring  cold  water  apon  it; 
hoDce  a  vacuum  was  produced  within,  andcoiisetjuuntly  tbe  water  in  whub 
the  lower  end  of  tiiu  suction  pipe  waa  itamcreed  was  driven  up  hv  iL« 
pressure  of  the  atinasphere  ao  an  to  fill  tbo  void.  When  this  had  cakcj 
place  the  aanie  cock  wa»  again  opened,  and  the  atuani  riuhing  in  iir^d  bjr 
Its  uxpamtive  force  the  ooatenu  of  thu  receiver  up  tlw  forcing  pi[>r.  In 
thia  manner  water  waa  alternately  niaed  into  and  expelled  from  botk 
vesseta. 

As  a  practical  miner,  and  consec|uent]y  conversant  with  tbe  aulJMt  rf 
ruling  waUT  on  a  large  sc«le,  Savery  wiu  Inttter  qualified  u  canylia 
view*  into  operation  ibun  a  mere  pbilosopht-r.  His  first  essay  in  cfliployiitf 
•team  was  a  proof  of  Uiis,  "  I  ha«'e  heard  him  say  myself  [observes  SwitK^ 
tluu  the  veiy  lir^i  time  he  play'd,  it  waa  in  a  potu^r's  house  &l  Larabnk, 
vhere  dto'  it  was  a  small  engine,  yet  it  [tbe  water]  forc'd  its  way  ihn>u^ 
tbe  roof.and  struck  up  the  tiles  in  a  manner  thataurpris'd  all  tho  apactatori'' 
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SomotioMn  Savery  emplay>-d  but  one  nicrivtrr.     No.  194  repr«aMIII 
engimi  of  ibis  kind,  vrect4fil   by  biiri  at  Kensington.     A  descnpboaof] 
was  first  i)ubli*hed  by  Mr.  Bntdlcy  in  bU  "  New  Improvements  of  Planlifl' 
and  Oardening."     It  i»  alwi  figured  and  ilcKriU^  by  SMntzt^r,  who  ei 
mined  it  and  ihoughltt  "the  plainest  and  best  pmportion'd  uf  any"  heb 
•eon.     Its  eSVtcts  were  constaerrd  proportionally  greater  than  Uiose  wi| 
two  receivers.     C,  a  spherical  boiler  of  the  capacity  of  forty  gikllon*, 
charged  through  tl»e  tunnel.    B,  the  receiver,  which  held  thirteen  galL 
A,  tJie  suction  pipe,  sixteen  feet  long  and  three  inches  bore.     D,  im*  I 
ing  pipe,  of  trie  same  bore  and  lorty  two  feet  long.     A  valve  ope 
upwards  wu  placed  in  A,  and  another  at  the  lower  pan  of  D,  at  H. 
the  Mearn  pipe,  an  inch  iu  diatneteT.     Q,iiL«\vdvuf,«a[veorcock,  fnrmi 
witii  a  lever  haudle.     F.acocV.  \n  the  tatc\»a  •^\^,\n-4iTOfl.c*3A' 
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>w  upon  the  rwceiver.     A  pipe  attache<l  to  the  tunnel  dotoendecl  into 
thu  boiler  and  A(!rved  the  purpoae  of  it  gauge  cook. 

The  opersrion  will  he  iinderstnod  from  tne  tiescrintion  of  figure  No.  193. 
By  mrtimjir  the  Handle  of  (■  siPAin  ia  aHmitled  into  u,  and  %s  soon  u  the 
lir  b  exjielled  from  the  latter,  G  is  closed  tnd  P  opened  ;  the  offu«on  of 
cold  watt-r  (see  the  figure)  quickly  eonderwet  the  contained  vapor,  Kod 
hence  the  receiver  becnmeA  rhar^d  wth  water  by  the  prewiire  of  ihc 
Ktmni3ph«r«  through  the  auction  pipe  A.  K  is  Uien  shut  and  G  opened, 
when  llie  Meam  issuing  from  the  hniler  diaplares  the  water  from  the  re* 
ceivcr,  nud  having  no  other  way  to  escape  the  liquid  ia  driven  up  the  pipe 
D  inw  the  reservoir  prepared  to  receive  it.  A»  «oon  a«  all  the  water  ta 
expelled  from  the  receiver,  (which  was  known  hy  applying  ihe  hand  to 
the  lower  part,  for  tt  would  be  hot)  G  ia  ahut  and  F  again  opened,  when 
the  opcralion  ia  repeated  as  before. 

'*  when  this  enmne  bof^ns  to  work  {sikya  Switzer)  you  may  raise  four  of 
the  rcccivora  full  in  one  minute,  which  ia  Kfly  two  gallons,  [lea*  the  quan* 
cities  drawn  from  F  for  the  purpoBus  of  condensation) — and  at  that  rate  in 
an  hour's  time  may  bo  Hitnt^  up  3120  gallons.  The  prime  cost  of  such 
an  engine  ta  about  fifty  pound,  aa  1  myself  have  had  iiirom  tho  ingenious 
author's  own  mouth.  It  must  be  noted  that  ihia  engine  is  but  a  amall  one, 
in  comparison  of  many  oihcra  of  thia  kind  that  arc  made  for  coal-works ; 
but  thia  ia  sufficient  for  any  rcasonablo  family,  and  other  uaos  rcf^uirod  for 
it  in  watering  all  middling  gardens." 

Hero  is  no  provision  riiiide  lo  rcpleniah  the  boiler  with  water  except 
through  the  tunnel :  hence  iHc  working  of  the  mucbinc  had  to  be  aiopped, 
uid  the  steam  within  the  boiler  allowed  to  vscapc,  before  a  frctth  supply 
could  be  ailmitied.  Under  such  circuiiiBlances  the  boilers  were  very 
liable  to  become  injured  hy  the  fire  when  the  water  became  low.  They 
were  also  expf.rsed  to  deatruction  from  anotlier  cause,  the  force  of  ihe 
steam;  for  they  had  i»d  aafety -valves  to  regulnie  it,  and  hence  the  necessity 
of  the  following  instructions  :  "  When  you  have  rais'd  water  enough,  and 
you  design  to  leave  ofi"  working  the  engine,  take  away  all  the  fire  from 
under  the  iKHler,  and  open  the  cock  [connecied  to  the  tunnel]  to  let  out 
the  steam,  whicti  would  otherwise,  wax  it  to  remain  conBn'd,  perhaps 
burst  tAe  engiitt" 

Savery,  from  his  profession,  was  aware  of  the  want  of  an  improved 
mode  of  draining  muieit.  The  influence  of  the  useful  arts  in  enriching  a 
nation  was  then  beginning  to  he  understood.  A  stimulus  was  imparted  to 
manufactures,  and  the  demand  for  coal  and  the  ores  of  England  rapidly 
increased.  As  a  necessary  cotisequenec  the  depth  of  the  mines  increased 
also;  and  hence  proprietors  became  anxious  to  possess  some  device  fer 
clearing  them  of  water,  and  by  which  the  old,  inefficient  and  excessively 
expeRHve  horse-gins  and  buckets  might  be  dispensed  with.  The  cost  of 
drainage  was  so  great  iu  some  mines,  that  their  produce  hardly  equalled 
the  cost  of  working  them  :  in  one  mine  fivo  hundred  horses  were  constantly 
employed.  Numerous  novel  projects  had  been  tried  and  abandoned : 
what  they  were  we  are  not  informed,  but  as  Ramseye  and  WorccMer  and 
probalily  others  had  proposed  Jire  machines  for  the  purpose,  steam  had 
probably  been  tried  in  some  way  or  other  and  hod  €ulcd.  Having  greatly 
improved  his  machine.  Savory  published  on  account  of  it,  illufuraied  with 
engravings,  In  a  pamphlet  entitled  The  Miner's  Frintd  ;  or  a  Di"cription 
of  an  Engine  for  Raising  Water  by  Fire,  with  iin  Answer  to  the  Ohjertiuns 
against  it  London,  primed  for  S.  Crouch.  1702.  In  his  address  he  Itegs 
proprietors  not  to  let  the  failure  of  other  plans  prejudice  ikjexa.  %^«%\  \W 
Mfmlol'hJB-   "  ItM power  [he  ob«erres|  is  in  «.  manniei  uv&iMtA  axv\  u,tjvxnw\.«.^. 
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umI  mtUI  draw  you  water  500  or  a  1000  loei  hi^h,  wvm  any  ]>it  m  dar^i 
.....  I  [liire  undenoke  iliut  lhi>  cnjrinc  shall  rniii«  yuu  w  mucti  wiwr 
fiir  cight-peuce.  od  will  cost  you  «  shilling  lit  niisf*  the  IUm-  whJi  your  ■.'.i 
angine^."  The  original  Agures  in  the  Miour'a  Fri«nd  wt-re  iiMwrwd  "^ 
Hnrrw'«  Lexicon  Technicum,  in  I70i,  and  cii|>iud  iiiln  Swil»»-r'»  Hy«(f 
■tatics  in  Wi^,  and  by  Desafuliers  in  his  Experimtrnud  Fhilo«a{)liy  in  174 
(which  works  are  before  us)  and  Bubwjuuenlly  into  alraovl  rvurv  irwoii' 
on  ihe  sitiim-engin«.  No.  195  i«  a  rvduc^d  c<>j»y  :  (he  fi^re  m  itr  fat- 
nun  is  an  addition. 


;Tffr 


i:^ 


■^^ 


— '     l»3* 

Ha.  IM.    ffavMrV  DaoUe  Kafite,    A.  Dl  ITU 

A  detailed  deseriplinn  oP  ihU  «>Iegnnt  appnrataa  ii  not  ncccuary 
ita  m>eralioQ  will  be  tindcnUiMxl  from  t)iA  (■xriliiniili'in  nrthr  iM-n  pr«c«] 
maciiii)«-s.  It  i*  aubulAntially  (he  •anie  nm  No.  193,  t^xcept  thnt  t 
ha*  ttf<o  hoiler«,  which  are  healed  by  H'pani((*  rtirnaccM,  O  H.  T 
tional  Itoiler  G  was  dcaivived  men?ly  lo  niipply  the  other  wit)i  hnt 
and  need  not  therefore  divert  thf  allentinn  of  the  remlnr  in  rralixi 
-working  of  the  caieniial  paru.  The  upper  end  of  tlii-  ouclinn  pipe  s£o' 
at  the  mouth  of  the  pit  consijta  of  two  orancht^,  which  ar«  oonnrvtnli 
aim\\ar  branches  on  the  lowct  ^an  oC  vKe  <vwtu\«  \i>V*'  ^-  Tl"* 
raJvc*  are  at  B  A,  and  Uwi  fftrcioft  owsa  ai  ^  « ,  ii\  «^r«ti^ 
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IctM-ren  Uikm  tsItss  two  abort  curved  take*  connect  t)ir  bottoms  of  the 
Bc«trer«  I  M  wich  the  bnu)cbc4,  as  repres«i)t(-<l.  »nd  two  otber  bent  rubos, 
Q.  uiiiip  (lie  ttip  of  the  rftoi'iven  with  the  Imilir  K.  On  ihe  lop  of  this 
iler,  «imJ  fnnnin^  a  part  itF  it.  n  a  utouc  rouixl  plate,  hnvitis  two  openings 
f  the  ctmi;  siiw  as  ibc  lioi-n  n(  the  tnbee  Usx  mt'nntimui.  In  thcM*  opon- 
iga  flir  two  Bi«am  tubes  P  Q  lerminftiei.  Ht^wcen  ihp  dpeninga,  and 
)  the  uittier  niilc  of  th^  plate,  u  a  movcabli^  disk,  which  by  a  short  ami 
cfirittei  If d  to  uii  axlo  ninl  muved  by  the  long  l^ver  shown  on  the  top  of 
le  boiler;  JO  th;ir  hy  movingr  thin  lever  ihe  disk  rain  he  made  to  cloac 
■iihcr  (ipening,  so  as  to  admit  or  exclude  «ieam  from  ilw  receiver*,  aod 
nswering  every  pHr[>iHe  of  a  thrce-wny  cock.  It  in  made  somewhat  on 
M'  plan  of  (he  one  in  No.  189.  page  421.  Tht-  face  of  the  disk  is  ground 
onih.  fto  aa  to  fit  close  to  the  under  side  of  the  plate,  ng«ln«t  which  it  is 
rcMed  by  the  neam.  The  perpeitdiuulur  axle  by  which  the  disk  is  turned 
RS9e«  through  ihe  plate,  nnd  the  opening  is  made  lighr  by  a  »tiitfing  box. 
The  plate  and  moveable  disk  are  repn^seiitcd  in  the  small  figure  at  the  top, 
o  "f  tb*t  openings  Iming  covered  by  the  disk  and  lh«  tnhcr  exposed.) 
amail  cistern,  II,  is  pl»c«d  over  ihi;  reciuvi>rs,  iind  iu-pl  supplied  with 
pid  wHter  from  the  forcing  pi|>e  by  mt-aiis  of  n  WIl  (xx-k,  vix.  n  cock 
lat  is  np«Mied  and  shut  by  k  tiall  Homing  in  the  cisti-rn.  Krom  the  Itottoni 
f  this  cistern  a  short  pipe,  T.  procetwis ;  and  to  it  is  connected,  by  a  SMivel 
oint  or  stutTing  box.  aiKilbrr  one  at  ricbl  angles.  This  pipe  furnishes 
ater  to  condeniu:  the  Klenm  in  the  receivers,  over  bath  of  whi(-h  it  ran  be 
oved  ))y  (he  rod  atiaohed  to  thr  plug  of  the  coek  an  thown  in  ihe  Rgnre. 
'bn  iipfier  cistern  dennles  the  place  where  tJie  water  raised  by  ihe  engims 
to  bt?  discharged. 

A  communicntion  is  mad«  between  the  Imlers  by  a  stnhou  or  Wnl  liibe, 
,  whose  lega  extend  nearly  to  ihfl  boltom  of  the  boileni.  Tn  the  log 
ithio  the  small  boiler  is  n  valve  opening  uptvardst  which  permits  th« 
ater  of  a  lo  past  into  H,  but  prevents  any  returning  from  ihe  latter. 
Vhen  the  ailendani  wishes  in  inject  into  H  «  fresh  supply  of  water,  he 
ierea*e«  ihc  little  fire  kept  up  nnder  ihe  boiler  G.  (wbirh  is  always  kept 
Upplied  with  water  by  the  pipe  .S,)  and  as  »iion  »«  the  hqiiid  boils  and 
te  force  of  the  su-nm  exc«H^ds  tbu[  in  H,  the  eunlenit  of  G,  lioth  sleam 
Bd  hot  water,  are  forcud  ibrouph  the  vslve  ;  and  thus  Jl  i«  kepi  nttpplied 
ilhoul  ihe  action  of  tl»e  macinne  being  stepped.  The  cock  on  the  p'po 
is  ih«n  iifM-ned,  ihe  small  iioiler  agnin  rharged.  and  tlie  WHier  liecomes 
radiiHlly  heated :  so  that  by  the  time  it  is  wanted  in  tlie  uther  boiler,  a 
dhII  iidditioii  In  tho  fuel  (juickly  ruisc-a  it«  teuiperature.  and  it  is  again 
reed  in  as  Iwfore. 

The  i}iiKtitiiy  of  water  in  the  buitrrH  was  usefrlained  hy  gauge  cork». 
"beso  were  inserted  at  tho  top.  (see  figure)  and  pipes  soldered  to  ihem 
ea«^endcd  to  diS*erent  depths.  The  principal  botler  had  two  of  these,  ihn 
tber  Init  one. 
The  general  arrangement  of  tiiis  engine  and  the  adaptation  of  its  various 
to  each  other  are  admirable,  and  could  hardly  be  improved.  The 
bnonaly  cood  workmanship — the  improved  form  of  tlic  rc«'eivers — ami 
'  r  -ir  these  with  (be  boilers  and  pipes,  and  the  laiter  with  each 
ng  ncreint,  thua  securing  easy  ncoesa  to  liie  valvej^— are 
ri;tl}l  ible  to  Savery  and  the  workmen  he  fmployed.  Every  port 
R  of  ihe  bent  maieriaU.  The  cocks,  coupUng  *crew«.  repdntor, 
■|l  the  pip<:B  immodialciv  connected  with  iTiem.  were  of  brasH: 
nilen>,  T(T:.-i'n'rs  nnd  auction  ])ipeB  were  of  "  the  best  hammered 
1*'  to  Btisiain  the  force  of  the  wurkiiu^  enpine ; 

ft,  [>  '.or]  thm  engine  is  u  naturally  adapted  t» 
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nerfonii  what  is  nxjuirt^d,  tbu  even  those  of  the  inuvi  urtlinai^  uid 
capariiv  may  work  it  fnr  aomc  yews  witltoui  injury.  If  not  hirad  or  es- 
ploy'd  by  some  haAcpcrAon  on  purpose  lo  d«?suvy  il;" — char  U,  \t\-  inu- 
tention  or  dcei^'n  lo  permit  steam  lo  ancuinultite  wiihiti  tlm  boiler*  uU  t)i#j 
were  buret.  Some  Jevico  to  prevent  itiis  woa  wanang,  v\z.  «  Miftrty-ik'n' 
or  aomcibiug  unulogout  to  it ;  umI  it  is  mtunishid^  that  be  Derer  t^ 
of  auch  a  ihmg,  but  permitted  \ua  macfaiue  for  lack,  of  it  to  fiUI  tuu.  — 
repute. 

The  minora  could  not  be  induced  to  adopt  it.  to  conaequean!  of  thi 
danger  of  explosion.  "Savery  [&ays  Desa^Ucrsj  made  •  |^r«iai  rau* 
expttrimoriu  to  brin^  this  mucbijie  to  perfection,  and  did  erect  »ev«r«I, 
whieli  niised  water  very  well  for  gentlemen't  seata,  but  could  not  vuRctJ 
for  mines,  or  supplying  towns  where  the  waler  wiu  to  be  nuse«l  vtnfbg^ 
and  ill  ^ceat  tjuantitieti;  for  then  llie  eteaiii  re<]uired  being  boUi.*d  up  t» 
«uch  n  Mrenglb,  as  to  be  ready  to  tear  all  the  vessels  to  pieee«.  --.--. 
I  have  known  Captain  ijavery  at  Vork'e  Buildings  make  steam  9  or  10 
times  stronger  tlian  commuii  air  ;  and  then  its  heat  was  po  gKai.  that  it 
would  melt  common  soldur,  and  its  strength  so  great  as  to  blow  opea 
aoveral  of  the  jdtnts  of  hit  machine ;  so  that  he  was  forced  tu  be  at  ifae 
pain*  and  charge  to  have  all  his  joints  soldered  with  spell«r  or  bard  esldar.' 
Ex.  Pbilos.  ii.  4«7. 

Tliere  has  been  much  discussion  respecbiig  the  origin  of  thJa  &flMa 
engine;  some  writon  coatending  that  it  was  wholly  Savery's  DWfi,albm 
that  be  derived  il  from  ono  of  Worcester's,  or  from  the  Ceotary  of  !«■ 
ventious.  Desaguliers  iisswru  that  Savery,  to  conceal  iu  origin.  "  bru^c 
up  all  (he  Marquis  of  Worcester's  books  that  he  could  purchase  in  Vtlw 
IHMIK.T  Row,  and  clsewheni,  and  burn'd  'em  in  the  presence  of  the  emlfr 
man  his  fricnJ,  who  told  tne  tliis."  But  as  Savery  denied  being  indatali 
to  any  ono  for  it.  and  as  he  was  certainly  a  man  of  great  mechanical  (iiiiiiili. 
it  is  probable  that  tlie  ductor  wsa  imposed  upon  By  his  informant.  Ilk 
not  hkdy  that  Savery  wnuld  have  commitira  such  an  act  in  the  proMMt 
of  a  witnf^ss.  when  thure  was  not  only  no  necessity  for  one,  but  eveiT 
possible  inducement  for  secrecy.  Many  year*  before  the  publicalioa  «■ 
this  charge  by  Desaguliers  (in  1711]  the  opinion  was  prt^valent  that  ^ 
machine  was  not  nriginal  with  Savery.  En  1729  Switzer  remarks,  "odwn 
say  that  th»  learned  Man|uis  of  Worcester,  in  his  Century  of  InvanboHi^ 
which  book  I  have  not  seen,  gave  the  first  hint  for  this  raising  of  waw* 
(Hydr.  SS'*^.)  Dr.  Hutton,  in  hi»  Klath.  DictjonarVi  assorts,  ihoafrhon  wbll 
autooriiy  we  know  not,  that  Savery  know  more  of  MoM^Iand's  expenraanH 
than  he  was  willing  lo  acknowledge  ;  and  Deaagolters  maintain*  that  U 
invented  the  etory  of  the  experimrnt  with  the  wine  flaak  "  lo  make  poopW 
believe  that  he  had  not  got  the  idea  from  Worcester's  Oenturv  of 
Inventions." 

In  reply  to  the  above  it  may  be  remarked,  thai  indepenJentlj  "i 
coircidcncefl  of  thought  thai  aln-ays  have  and  will  happen  to  irvooUmi^ 
there  are  rircii instances  which  strongly  cormboraie  Savery'*  own  acooiml 
In  the  first  place,  the  experiment  with  the  wine  flask  waii  one  verrlikvlf 
to  occur  in  tlie  manner  he  has  mentioned,  and  to  a  mind  iiku  hi*  woold 
naturally  lead  lo  a  practical  applicaiion  of  it.  His  tbooghta,  we  are  taU, 
'weft'  always  employed  in  hydrosuiies  or  hydraillica,  or  in  tlie  improv*- 
iHint  of  water-works,"     Then  there  is  no  evidence  that  he  waa  mwcb  of 


a  reader :  had  he  hcen  conversant  with  books,  he  wnubl  not  have  prrmoaad 
the  propulsion  of  vessels  wirh  paddle-wheels  as  new.  These  oceumd  Id 
him  as  ihey  have  done  tn  thtnuand*  m  cvcrj  v^  -mWtx  *l»v\wnM;  immna  Id 
jacreaso  the  apeed  of  boats-,  ani  u  w  twi-jNaw*  Xwvu  WvOr  ■*»  «aM«.-«Mr 
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:  ft  device  like  u  would  mtitrallT  be  the  rvsolt  of  the  experhneiu 
itli  the  wiiH>  llii«k,  umj  t>von  wtlhout  it,  wlicn  hi«  thoughu  were  once 
111  tij  faikiiig  water  by  strain.  Moreover,  Sftverr  was  ignorant  nf 
r<^^>vftlv«^,  tlir  very  thing  wanted  to  remove  the  mosi  formidnble 
ion  lo  hia  mitchiiie;  and  yet,  as  wm  hare  shown,  be  might  hsTe 
ud  it  in  tome  [(opuhu-  works  on  chetnietry  and  dislillation, — beside* 
bich,  Fapiii'H  unproved  appticalion  of  it  had  been  published  several 
n.  (Tiif  single  inachirm  figured  No.  194  was  erected  by  Savery 
iMflfiiH  loll?  as  1711  or  '12,  and  it  hod  no  safety-valve.] 
But  wh^i'ther  hr  dt-rivrd  the  him  from  Worcester  or  not,  he  is  entitled 
all  the  honor  he  bus  reteiveJ.  He  was  the  first  effeciually  to  introduce 
device,  and  the  first  to  publish  a  desvnpuon  of  it  in  detail.  He  con- 
id  nothing,  hut,  likr-  a  sensible  and  practical  man,  explained  tlie  whole, 
'letl  it  to  i^ts  own  tnerita.  No  one's  claims  to  a  place  in  the  history  of 
n  fXeani-eiigine  were  betlnr  earned,  whether  be  be  considerod  the  r*in- 
intor.  or  improver  only  of  Worcester's  68th  proposition.  There  are 
'veml  points  of  ruseuiblanco  in  ibo  characters  of  Savery  and  Ohvcr  Uvans. 
y  tliuir  energy  and  indomitable  perserennce  ihcyjorcfd  their  invontions 
iu>  public  noucu  ill  spiiu  of  public  apathy,  and  so  worlAd  ibeir  way  into 
10  temple  of  lionurable  fuitiu.  Both  published  curious  pomphlelA,  tbat 
rill  prt-sorve  their  names  and  iuvontions  from  oblivion. 

But  Savory's  steain-eugine  docs  nut  belong  tu  tbe  same  family  u  the 
indem  one.  nor  eau  be  be  said  to  have  contributed  to  tbe  ioveution  of  tbe 
lUiT.  L-xcept  su  lor  u  uakiog  hia  vuntcioporaries  more  familiar  witk  the 
lechanieal  propertiM  of  aqueous  vu|>or.  'Tis  true  he  employed  lliis  Huid 
close  vosmls.  ouJ  so  far  he  succeeded ;  but  his  ideas  suem  to  bare  been 
boUy  confined  lo  its  Qpplicatiun  to  raise  water,  and  iu  the  must  direct 
luiDor — bonee  be  never  thought  o( puUma.  Hud  he  turned  hi»  utlentioii  to 
Dport  motion  to  one  of  lhe«T,  he  would  have  left  litUo  fur  bis  succeseort 
>  do;  but  as  it  was,  be  did  not  lead  engineers  any  Nearer  lo  tlie  pi«ton 
He  proposod  to  propel  macbinury  by  discharging  tlie  water  ho 
apoii  an  ovorsbot  wheel ;  bence  bis  patent  was  "  for  raising  water, 
ioning  modoti  to  all  sorts  of  mill  work."  But  this  was  obviously 
afterthought,  on  accidental  result,  rather  ihati  one  originally  deiigntxl 
looked  for.  A  piston  and  cylinder  only  could  have  given  bis  mocbine 
pannaneni  place  iu  the  arts,  either  as  a  nydraulic  or  a  motive  one,  Ue 
*  lied  almost  all  tliat  could  l>e  realized  without  tliem.  Tbe  most 
Fidencs  of  the  present  timt-e  could  have  done  little  morr.  Pnpiu 
tiiicA  the  piston  and  cylinder,  and  in  doing  eo  quenched  a  halo  nf 
that  would  have  shone  round  his  name  for  ever;  arni  Savery.  for 
them,  notwithstattding  his  ingenuity,  perseverance  and  partial 
Iiv4>d  to  soc  his  device  in  a  great  mcastire  laid  aside.  Savery 
abttut  the  year  1716. 
As  Savory's  engine  became  knovkTi,  scveni  additions  to  and  mndifica- 

of  il  were  proposed.     A  few  of  these  may  be  noticed  : — 

Tit*.  OeMguHers  and  GravesandCf  from  »ome  experimenls.  concluded 

I   aingle  engines  were  more  economical   than   dnuble   ones — a  aingle 

iver  being  "emptied  ihree  times  whilst  two  succeeding  ones  (of  a 

lubip  eugine]  could  l>c  emptied  but  onr«  a  piece."     Of  single  engines 

ctcd  seven  lietwcen  the  years  1717  nnd  1744.    "The  first 

Cxar,  Peter  I.  for  his  garden   st   Petershurgh.   where  it 

The  boiler  of  this  engine  waj  spherical,  (as  they  must  all  be 

,y,  whfn  the  Ream  i*  much  stronger  dian  air]  and  held  between 

^md  -  ids;  and  the  receiver  held   one  hogBhead,   and  was 

nJ  .  tuur  tinws  in  a  minutf.     Tbe  water  was  drawn  up  by 
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jtueflOH  or  lliP  prosffuro  of  ihe  «uii<i9pht;r»!  29  fcel  hia^,  imt  nFn 

thuii  prcBSwi  up  U  fcvl  higher.     Aiiol(n;r  eiigiiw  I'l 

up  lor  B  frwrni  about  five  nnd  iweiitj' ye»rK  aijo,  [15  I    ,       ■  _   tl 

2!)  fml  from  0)v  well,  luij  Ui»ti  it  was   forced    nji  liy  tliu   pre* 

t)lo«m  S4  feut  hisher,"  Atr,     But  these  "itnprovt^d"  i>ngiii«i 

realiiy  Iml  Ittlle  Trom  Savery'o  HiiiKle  oue.  No.  i9V    DeBaij-ulien  fiiray 

hia  boiler  witii  Pnpin'itieclytird  fl«iely-valve;  •  three-way  cock  aJutnrf 

luliniltcd  sieam  into  (ho  recoiver  wtd  wuter  from  tiiu  forcing  P^V^  '"1 

doniHiit:  in  oiher  re«p4;cts  ihe  vngiiwfl   wore   luncli  liio  ttmv. 

mndo  no  provision  lu  secure  his   builurs   frum   Iwinj,'  ex(i)>jdt*rl ;   bii 

MdVrty-vaive  was  iioi  always  a  prvverilivi'  in  foriii>.-r  limo^,  n:\ 

at  pn.'80Ut.     "  About  three  ywnn  ui;o  (says  Dessi;i»!n?rB)  «  '■ 

enurcly  i(;noraril  of  (he  iwluru  ofnn"  tMiuioe,  xiid  willing 

undt-TliKik  to  work  it:  uud  haviui^  hung  ihv  w«ighl  at  <''■-■ 

th«  sleel-yaKl,  in  order  to  collect  inorr  siiram  to  mmkci  hi- 

he  huug  aUo  a  very  heavy  fflmniier'a  iron  upon  tlm  cmi 

iJii.'  canM9c|upnci!  pmv'd  fuial,  for  afiLT  Horne  limo  llie  meam,  oot  twin^l 

witb  lIu!  safety-clack  to  niiee  up  ifac  atcvl-yanl  loaded  with  all  ilii*  I 

nuul  weight,  ^icrA  /Ac  bmler  with  a  great  explmton,  and   kill'J  tb«  petT 

mau."     Exp.  Pliiloe.  ii.  4S9. 

In  a  douhlo  cn^no  by  Leopold)  A.  O.  1720,  tite  reeeivBra  were  pki 
lielow  thu  wnier  ihcy  wurv  to  nise;  heuce  the  priociplu  of  cotiif 
wu  nut  recjuired — for  as  won  as  the  BU>am  expelled  tJio  ccMiuno 
ceiver,  a  commuiiieamiu  wa.8  oiK'iivd  betwe«Q  ihw  upper  port  of 
and  the  atmosphere,  so  as  to  allow  ilie  slcam  to  e»capo  and  nfVn 
of  water  to  enter  below.    He  pmdiured  a  rotary  awTemont  by  in 
the  water  into  the  buckets  ufn  water-wlwel. 

When  steam  ia  oiimitied  into  a  receiver,  a  portion  ts  imtnediaielv  ' 
denied  by  the  low  tempentture  of  the  ve^»el  and  the  cold  waurr  vitiir, 
HO  that  not  ull  u  t)!ni  or  thiti  >(raiuin  nf  hut  water  is  ihun  formed  an  ikt 
surtitt;e,  can  tlio  full  force  uf  the  va|iur  bo  exerU'd  in  expelling  thr  cohtettl- 
This  wasv  uf  sttium  is  not  however  «» great  as  niii|;ht  itc  iriL-igined,  bv«U> 
the  water  wjij)  which  it  comes  in  cuniaei  siiU  fein»in»  on  ih(!  aoHaH, 
having  lMM:oine  lighter  than  the  ma«a  helow  by  the  accuasion  of  kcat.SDJ 
nonwitjuenlly  prevcntiug  the  heat  from  dcntcending:  yet  variotu  at 
were  made  to  iiuerpuse  »oine  non-caudueting  aubitanoe  between  the  i 
and  the  water.  Pupin.  aa  we  have  seen,  umsI  a  lloating  plstun.  In  11 
Mr.  BlaWey,  an  enterprising^  Knglish  ineebanic,  louk  out  a  paiAm  fori 
application  of  a  straiuni  of  oil  or  air.  To  uite  these  he  made  unrne  < 
ponding  alterationii  in  the  receiver:  but  the  advantages  wem  not  joi 
as  had  Wen  expected.  Blakey  al»o  introduced  a  new  boiler,  oddm 
of  tulm^  or  cylinders  completely  Klled  witii  water  and  imbedded  in 
fire.  It  caused  considerable  exciteniem  among  icientific  men,  bgt  lliT 
daiig<?r  ansinK  from  tbum,  and  the  ex|>{o8ian  of  one  or  more,  cnaaud  < 
to  be  laid  asiuc.  Ho  ei>cni  several  years  in  France,  wherw  he  en 
some  of  huj  engines,  rtn  wrote  on  sevoral  subjecu  connected  witb 
arta.  There  is  a  copious  and  intcrustin^  exiract  from  his  DissertaUoci' 
ttio  [n^'enlion  and  ProgroM  of  Fire  Machinery,  in  the  Oenllemen'a  T" 
xine  for  I7it2.  p-ige  502. 

Other  miKltfiuiUoiis  of  Savery's  engine  wen*  made  previom  lo 
about  Blakey'a  time,  of  which  no  partimilar  af,coimta  are  now  exUiA. 
his  ConipariMua  of  French  anil  English  Arta,  (.irticle  H— '— —' 
says.  "Aboui    1718  another  Swiss,   named   Rira/i.  np,- 
ho  iiiiderstood  all  iJie  known  principles  and  methiitlsfor  rTrgiiiL4.ir.jf1 
iH|ual  pons,  10  wbreU  W  »uld<ijd  oiJhers  of  lita  invemitin.  ------ 


Chtp.  &] 


•Ammttmt'  Firr  MiU. 


463 


oao  say  wiihoui  pretending'  to  prejudice  luiy  one's  merit,  that  I  never 
met  witli  fuiv  Franch  or  Enf^tish  man  who  liad  so  much  ingf^nuity  and 
knowledge  m  luocbaoical,  hydraulic,  ybr  maebinery  principles,  itc.  as  Ai- 
nu." (G«nL  Mag.  1^2,  page  404.) 

In  1734  M.  GeuMinni;,  a  yrenrj)  gntitlciiian,  made  somu  improvcmentB 
OD  Savery's  engine,  and  by  additional  invchaiiii^ni  rendered  it  seif-acttng. 
The  alteruatu  dvactinl  uf  two  vcfiEcLi)  dI'  wutur  ofxracd  and  eloeud  the 
oocks,  on  much  ihu  suniL*  principle*  as  thai  (.-xhibiiud  in  Fludd's  presaure 
eogme,  page  354.  (Machine*!!  Approuve^s,  tumu  vii,  222.)  Id  1740  M. 
De  Moura,  a  Portug^ui'M-,  iir.'cumplishL'd  chu  same  diing  by  the  ajiceut  and 
descent  of  a  coii|H>r  ball  or  Dtmt  wilhiii  the  receiver;  T;ut  the  device  was 
too  complicated  lor  practical  purpurea.  It  \i  figured  and  described  by 
Siseaion  in  the  Philoaopliical  Traiisactiune,  vol.  xhii,  437.  in  the  Supple- 
ment to  Harris' i>  Dictionary  oftlic  Arts,  uud  in  other  English  works.  In 
1766,  Cambray  de  ili^iy,  lui  Italian,  ipade  wme  idditionK  to  Savery'g 
engine  6o  a^  to  make  it  In  a  great  measure  iudepeodent  of  manual  aMiatance. 
Professor  Francois,  ol"  Lausanne,  having  been  consulted  respecting  the 
■Jraining  oPan  extensive  marsh  between  the  lakes  Nouchatel.  Bteime  and 
Marat,  adopted  a  tire  engine  on  Savery's  plan,  and  which- he  made  self- 
acting  by  u  more  simple  device  than  either  of  the  preceding.  A  descrip* 
tion  and  goiid  Bgure  of  his  machine  may  be  seen  in  the  fourth  volume  of 
(ho  Rpperlory  of  Aris,  (1794)  page  203.  Nuncarmw's  improvetnent  on 
S»verv'»  i»  described  in  the  American  Phil.  TrannactioBB.  vol.  i,  209,  in 
Tilloch's  Phil.  Map,  vol.  ix,  300.  and  in  Galloway'*  History  of  the  Sleam- 
fingiiH).  All  Knglisb  patent  was  issued  in  1806  tn  James  Boaz,  and  an- 
other in  1SI9  to  Mr.  Pontifex,  both  for  improvemt^iits  on  t>avery's  engine. 
For  further  information  see  the  Keiiertory  of  Arts,  Nivholsno's  JoumaJ, 
vol.  i,  419,  and  the  .lournnl  of  tiie  Fninklin  Institute. 

"  A  cummodiouii  way  of  substituting  the  action  of  lire  instead  of  the 
force  nf  men  and  hor.ies  tn  move  machines,"  was  [mipoeed  in  1699,  by  M. 
AmtmLons.  one  of  the  oarhest  and  most  uaei'ul  members  ol'  the  French 
Aeulemy  of  Sciences.  Ue  named  Kin  maciiine  ajfrc  miii.  It  resembled 
«  largo  wheel,  supported  on  a  horizontal  axis,  but  was  composed  of  two 
cooMDLnc  hullow  rings,  each  of  which  was  divided  by  partitions  into  ■ 
doxcii  svpuruiu  cells.  Tho  small  or  interior  ring  was  at  a  considerable 
duiaiice  fruiu  the  axis,  and  the  uelU  communicated  with  each  other  through 
upvuil^s  made  )u  the  pamUuna  and  covered  by  valves  or  clacks.  The 
eslla  of  the  exterior  rings  hud  no  coiomuiiicatiun  with  each  other,  but  a 
pipe  from  each  connected  thetn  with  tliv  inner  ones.  The  outer  cells 
contained  air.  and  about  one  half  of  the  toner  ones  contained  water.  Tbe 
object  was  lu  kei'p  ihis  water  tdwuys  on  one  side,  that  its  weight  might 
act  taiigentially ,  uud  so  cause  the  wheel  to  revolve,  and  the  macliiiie  con- 
neciej  to  it.  A  furnace  wiui  built  cluse  to  a  portion  of  the  periphery,  and 
the  lower  part  of  the  wheel  wus  immersed  in  water,  to  a  depth  eaual  to 
ihaT  iif  the  exterior  cells.  When  the  fire  was  kindled,  the  on*  in  tlie  cell 
against  which  the  tiaine  impinged  became  rarefied,  and,  hy  means  of  a 
pipe  communicating  with  an  inner  cell  bfimo  Ike  axle,  forced  the  water 
contaiiie'l  in  that  cell  into  an  upper  nne.  This  caused  that  side  of  the  wheel 
to  pre] hind e rale,  which  brought  another  air  cell  in  contact  with  tbe  fire, 
and  the  fluid  becoming  expanded  by  the  heat  forced  up  the  rontenta  of 
anirtlter  of  (he  inner  cells  into  a  higher  one,  as  before  :  in  this  way  every 
part  of  (he  periphery  of  the  wheel  was  lirought  in  succession  in  contact 
with  the  (ire,  and  ihe  water  in  the  inner  cella  kept  constantly  rising  od 
one  side  of  the  wheel,  thus  causing  th«  latter  to  revolve.     The  air  in  the 


4U 


PlaoeomtH  and  Oawley. 


[Book  IT 


outer  colls  wu  cooled  u  Ctey  pawed  tfaroagh  the  w«ter  io  wiaA  At 
lower  piLTt  of  iIm^  wlieel  dipped. 

This  dcWce  of  AmitDtoD»  is  ntther  an  air  thfto  a  tteam  mtcliuitf.  li 
hardly  belongs  to  ihi»  purl  of  our  subject;  but  ne  it  may  be  coruiiletvJ 
tbe  type  of  must  of  the  steam  wheels  subsequently  brought  forward,  «• 
have  Immii  induced  to  notice  it  bere.  As  a  iheoretifal  dcrtce,  it  is  Liaklj 
meritorious,  but  as  a  practical  one,  of  Ultle  value.  There  is  in  Manya  mJ 
Chan^rs's  abridged  History  of  th«  Academy  of  ScioiKei  at  Paris,  LosiL 
174S,  a  full  account  of  tliis  wboel,  and  of  the  cxpcrimenu  from  whickk 
was  deduced.     (Sec  vol.  i,  G9.)     It  was  siinpliRed  by  Leopold. 

Towards  the  close  of  the  17th  century  there  lived  in  Danjooutb,  a  flufl 
seaport  town  oq  the  Ciiglish  channel,  two  mechanics  who  comfaiDftd  tikat 
energies  to  devise  a  machine  for  raising  water  by  means  of  steam,  Ti«r 
names  were  Thomas  XowcomcD  and  John  Cawlcy  ;  the  First  m  blackina^ 
but  sometimes  called  an  irrmmonger,  the  latter  a  plumber  and  glasK 
The  circumstances  that  led  tliem  to  the  subjecl  have  not  been  reeordai 
nor  have  the  partictiW  contributions  of  each  been  speciBed.  Their  afin 
wcro  however  eminently  successful,  for  to  them  belongs  ibe  honor  rf 
having  permanently  established  the  employmenl  of  steam  as  a  mccktMol 
agent.  The  date  of  ilie  commencement  of  their  efibrts  is  unknown,  tm 
froDl  the  ohiurvdtion  of  a  contemporary  writer  it  seoms  to  have  been  M 
early  as  thp  tirsl  atlcmpU  of  Savery. 

The  principal  objection  of  miners  to  Savery's  machine,  vi».  the  eiw- 
moas  force  or  the  steam  required,  and  tlie  consequeui  frequent  cxpltMoa 
of  the  boilers.  Sec.  was  completely  avoided  by  Newcomen  and  Cawlflj; 
for  they  used  steam  of  little  or  no  greater  force  than  cooks  do  to  conunN 
cauldrons — hence  it  could  never  explode  a  boiler  or  endanger  human  Hk, 
Savery's  engine  had  other  disad vantages.     It  was  ruuuirud   to  be  ulaOM 
witAim  a  mine  or  pit,  aud  in  nu  cute  farther  from  the  bottom  than  2oor9l 
feet ;  whereas  Newcuincn  and  Cawlcy's  was  erected  on  the  surface, 
llie  mouth  of  the  shaft.     Morecer,  m  those  mines  which  were  p 
ously  dmined  by  pumps,  it  could  be  used  to  work  these  as  before,  ^ 
any  additional  cost  lor  new  pipes  aud  pumps;  ibe  engine  in  suchcaaei 
superseding  ibe  hurses  and  thcJr  attendants.     Instead  of  applying  ■(■■■ 
like  Savery  dirrctltf  to  the  water  to  be  raised,  these  mechanics  nwd»  oh 
of  it  to  give  motion  to  a  piston  and  vibrating  beam,  and  through  theaelB 
common  pump  rods;  hence  the  device  may  be  considered  rather  for  n- 

f'artJng  motion  to  machines  proper  for  raising  water,  than  as  one  of  iks 
Btter. 

It  is  in  evidence  tliat  Newcomen  had  aome  correspondence  mpecdng 
his  machine  widi  Dr.  Hooke.  and  that  he  was  snjuainiMl  with  what  I'aptn 
had  previously  done.     This  however  might  very  well  consist  with  the     ^ 
idea  of  giving  motioD  to  a  fittom  originating  with  himself  or  partner ;  yet 
as  tlieirlabors  were  snbMquont  to  those  of  (he  French  pfailosophqr.  ibetr     ' 
claims  to  it,  if  they  ever  made  any,  could  not  be  sustained.    Their  madiiae 
in  its  essential  leatures  is  a  copy  of  Qtierricke's,  and  the  mode  of  produccD^    . 
a  vacuum  under  the  piston  similar  to  I*apin's;  but  as  Papin  did  not  suc- 
ceed, (he  reinlrod action  of  a  device  similar  to  Itis,  and  its  succeMful  appU- 
cation  to  the  imiionant  piirpuse  of  draining  miiiex,  bt^lcng  wholly  to  them: 
and  the  merit  of  doing  this  was  certainly  much  greater  tlian  can  ever  b* 
claimed  for  the  abortion  of  Papin.     Fulton  did   not   invent  steam  boaV. 
but  he  was  the  first  to  demonstrate  their  utility  and  to  introduce  them  iaio 
use  here  after  they  hod  been  tried  and  abandoned  in  Europe. 

It  should  mrt  be  supposed  Oial  the  piston  engine  would  not  fc 
miixed  at  the  cluae  of  ibo  \1^  or  \)«^two^  nt  «^  \%^  c^iAui- 
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il  Newcum«ii  ituil  not  lived.  Ttie  vpirit  of  ioqiiiry  that  was  fthnMui  iit 
ir  dny%,  and  ihe  iiiimtM>r  of  ingenious  men  enffnged  in  ileviBiiig  ineaina 
pmpto^  BCeiiiii  u  a  motive  agont,  would  aMur«dly  hav«  «oon  brou|;)it  it 
p  UM.'.  Indeed,  every  impntvomenl  in  Uiv  applicslion  ol'  steani  «eemi 
tiavf?  been  slways  perceived  by  some  contempurary  projector,  sniong 
iom  the  •MMit«it  of  maturing  it  was,  as  in  a  race,  one  of  s[H>ed,  "  Watt 
^MrvM  Fruli  Kcnwick]  found  a  compvlilor  m  Uaineborough,  and  but  a 
ir  weeks  would  have  placed  i>tevon»  oa  ibf  very  eminence  where  Fulton 
Ir  tta»d«."  The  circumstancus  of  the  timvs,  the  increase  of  En^ish 
{nufacturva,  and  tho  geni.<ntl  want  of  aome  sii>MtiTiito  lor  animal  labor. 
In  all  ihen  favorable  lo  the  introdurlion  of  the  9t«&m-en^e.  "  Had 
r  pune«  of  Cornwall  boen  sttU  vrronght  near  the  surface,  Havvry  orNew- 
)aen  would  hardly  have  found  a  wnt  for  tbeir  engines.  Had  not  the 
Inufaoiurer*  of  Kngland  btwn  wanting  in  labor-saving  machinery,  the 
ttblfVftciiing  en^ne  of  Watt  uotild  have  been  suited  to  no  useful  appli- 
iion.  A  very  few  years  earlier  than  the  voyage  of  Kulton  [to  Albany] 
t  Uud»on  could  not  have  fumislicd  trade  or  travel  to  support  a  etoom 
,  uid  the  Mism«ip[n  wts  in  poiceMion  of  dispersed  hordes  of  savages." 


Ka.ltlfl.    K*Ba>»wa  Ma  C«*l*r^  Baf  ia*.    A.  D.  1TD&. 

[abov*  figure  will  niillirionlly  explain  the  principles  amf  DponnOB 

' and  Cawlcy's  firatenjr'ne;  and,  wiien  coin^lWMtd  wnfct l!nn«b 
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almwly  noticed,  will  enable  the  rtiader  to  do  jiutica  to  kII  concflrnML 
will  \ie  percoiviKl  thai  although  otitaia  i«  an  euentJal  a^nt.  it  i>  not  tV 
primnm  mahik  of  ihtt  iippiimiu» :  ihe  pre^uuro  of  tbc  uiuoaphere  u  ibt 
hrai  mover,  and  to  uxctCo  tlii«  uiily  was  •leant  oinployc<l. 

A,  m  tbtf  Bfjurv,  (No.  196)  represents  a  vibrotiag  b«iam  with 
emls  or  s«i;tur«,  from  niie  of  which  the  main  pump  rod  is  suajf^ndcd  bj 
chain.  Ttiis  rod  descends  into  the  mine  or  pit,  aik]  a  coaoaOioA  to 
many  nther  rods  as  there  are  pumps  Lo  be  workt»d.  A  counterpoia^  ui 
litfuvy  wf  i^hl  m  \*  tijied  lo  the  rod.  so  as  to  depress  it  and  raise  the  ntW 
nwX  uI'lJiM  iiettin  ill  tlie  potition  represented,  a,  th«  Ktcam  cj'lindwr,  apS 
at  top,  iu  ittdeis  being  surrounded  by  anothur,  and  the  space  beCWMB  1MB 
coutaitiiiig  water,  r,  the  piston  rod  and  piston,  auach«a  to  the  beam  ty 
a  chain,  b,  the  boiler,  c,  gauge  cock.  N.  safety  valvo  with  waghB 
plated  directly  upon  it.  ii,a  cock  to  admit  steam  into  the  cylinder.  t,\ 
pigw  and  cock  to  convey  the  M*itter  round  a,  into  the  well  or  tank  n.  J.  ■ 
pip«  aud  cock  to  iupply  cold  water  to  condense  iteara  in  the  cylindrr.  i, 
anntlier  pipe  unj  cock  to  famish  occasionally  a  little  water  to  tW  uppir 
side  of  iho  piston,  to  prevent  air  from  passing  between  the  pacUagiai 
sides  of  the  cylinder :  this  water  was  kept  at  thr>  deptJi  of  about  two  iaeW 
f  (,  a  pipe  pr.icecding  from  one  of  the  pumps  in  the  pit  to  supplvthaflnifl 
cistern  with  water,  p,  a  pipe  to  conrey  the  steam  condensed  wiikin  s 
into  the  tiink  o.     w  Oie  aiih  pit.     x  x,  flues  round  the  boiler. 

Fire  being  applied  in  the  boiler  and  steam  generated,  the  code  i  it 
opened  and  the  cylinder  Hlled  with  steam,  provision  being  tnsde  fortk 
escape  of  tltc  air  previously  within,  d  is  then  cloeed  and  f  opened,  hj 
which  cold  water  from  the  cistern  is  admitted  to  flow  mund  a :  this  ooo- 
denses  ihe  vapor  within,  and  a  vacuum  being  thiu  fomiod  under  tlie  ptsioik 
the  latler  is  pushed  down  by  the  atinonpherc;  consequently  thn  oppotik 
end  of  the  beam  in  r^i*ed,  tind  with  it  the  pomp  rods  and  tlie  load  ol  wMsr 
with  which  they  nre  bitrthened.  J'  in  now  closed  and  d  again  opawsi 
when  the  couiitcrpuise  m  prepotider«t«4,*  tlie  piaton  lit  rais^,  the  cyUn^ 
again  filled  with  steam,  and  the  operation  repeaie<l.  Hut  previotw  h*  iIm 
admi»«on  of  vapor  the  second  time  into  the  cylinder,  tlte  ciM:k_/*  la  dosad 
and  Uie  one  on  pipe  f  opened,  to  allow  the  water  between  the  vyIiluWn 
tu  escspit  into  tlie  lank  o,  ifau  water  having  becoooe  heated  by  it*  euotsct 
with  «.  As  soon  as  the  cylinder  is  charged  anew  with  sl£am,  a  fmh 
supply  of  cold  water  to  condense  it  is  admitted  by  again  npening^y! 

The  amount  of  (broe  thus  excited  depends  upon  the  diameter  of 
cylinder  a,  or  the  area  of  its  piatan,  and  the  stale  of  the  vacuum 
under  the  lauer.  The  dimensions  of  a  roust  therefore  be  pruportiuned  Ui 
the  resistance  to  he  overcome — to  the  quantity  oF  water  to  be  mix-d  from 
a  mine,  and  the  height  at  wlilf'h  it  is  to  be  discharged — and  lo  render  an 
engine  of  the  kind  eflTeciive.  the  whole  of  ibe  steam  in  a  should  be  ~ 
deosed,  and  as  quickly  as  poaaible.  These  conditions  were  not  very 
fulfilled  by  the  apparatus  as  Agored  above.  Time  was  reipirvd 
the  cold  water  between  the  cylinders  to  extend  its  influence  from  the 
curaferciWJc  to  the  centre  of  the  inner  one,  in  order  completely  to  condvase 
the  vapor;  hence  the  movements  wore  extremely  stow.  tbo«trok«aMldoB 
excecaing  seven  or  eight  per  minute.  An  itccidental  rircumsuncvpoiBUd 
oat  the  fyjnMtdy.  and  greatly  increased  the  eflect.  As  the  engine 
work,  the  attendants  were  one  day  surprised  to  see  it  make  sei 
much  quicker  than  usual ;  and  upon  searching  for  the  cauw,  thi 
Kiys  DeMguliurg,  "a  hole  in  the  piston  which  let  the  cold  wai 
upon  the  piston  to  prevent  the  tttttranrjv.  nf  air  at  the  ^ackin^J  into  i 
of  the  cylinder."     'Che  water  til\\t»^  Vbtou^  *»  «wm».  ow«iiBta»A  *  A- 
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nit   innuntanoaafll^,   And   prodact^d  »  vacuum  wiili  far  lt>M  water  ihun 

hen  applicfi  xn  the  c^xicrior  of  thf  cvlimlcr.     This  led  NRWcomm  to 

va  IM!  outer  cylinder,  i\nd  to  insert  the  lower  end  of  the  pipey  into 

Uom  of  a,   to  that  on  opening;  the  cw^ky  a  jet  of  cold  water  w«s 

tfld  through  the  vapor.     Thiit  heauiiful  device  is  llie  origin  of  tho 

ion  pipe  still  u>»cd  in  low-premure  ongiiiua. 

wconien  tuid  Cnwley'a  engine,  as  figured  page  46fi,  waa  iniproved  in 

.1  parts  in   1712,  and  »oon  after  adapted  b«  a  hydraulic  roacfaiDe  for 

mining  the   noal   and   iron   minea   in   various   parts  of  1Suro|>e.      Very 

Uhorait'  engravings  of  some  tited   in  French  mines  may  be  seen  in  llie 

lio  edition  of  Arts  ct   Mistier*.     Sec  also  Desaguliers'  Ex.  Philoa.  vo).  li, 

Swiiju'r's  Hydrostatics. 
The  application  of  srctoi^  and  chains  to  pump  rods  did  not  originate  with 
ewromcn.  They  arc  figured  by  Moxon,  and  were  proboljly  employed 
t)  working  pumps  in  mines  previous  to  the  invention  of  the  ateam-engu^. 
We  have  ofien  thought  the  heaviest  charge  against  Savery  was  to  be 
IbunJ  in  his  conduct  towards  Newcomen  and  Cawley.  Their  machine 
'ally  different  fmrn  his  in  its  principle,  construction  and  mode 
yet  he  insisted  that  it  was  an  infringement  upon  his  patent.  He 
mplnyed  ilie  pressure  of  the  atmosphere  in  charging  his  re«?iver«,  by 
condensing  with  cold  water  the  steam  within  them.  So  faf  as  regards 
this  mode  of  forming  a  i-acunm,  (he  in  his  nsifiverm  and  they  brneath  a 
iN^tnn)  there  is  a  resemblance  lietwcen  the  two  machines,  but  no  farther; 
nd  this  plan  of  making  a  vacuum  M-as  not  original  with  him  any  more 
than  nrilh  them.  It  was  no  more  a  new  devire  in  hia  time  than  hia  paddtc 
heeU  were.  The  object  of  Newcomen  and  Cawley  in  forming  a  vacuum 
also  (|uit«  differpnt  from  his ;  for  they  did  not  raise  water  into  the 
acuity,  but  i^inployvd  it  solely  to  excite  the  pressure  of  the  atmosphere 
tipon  the  up|ier  aide  of  a  piston,  in  order  to  impart  motion  to  common 
mmp  nnlt).  Again,  he  ueed  the  ex|»ansive  force  nf  high  meam  t  this  w»j 
the  pnimintpl  feature  in  his  machine,  «jmJ  the  great  power  that  gave  effi- 
nenry  Id  it ;  but  they  did  mn  \i*f  ibis  powt^r  at  all.  The  weight  of  the 
xternal  air,  t>ot  the  expaniiive  force  nf  ateam,  wa-i  iht^  jrrimitm  moinU  in 
their  nmchine,  and  it  was  brought  into  action  by  llie  vapor  of  water  at  llie 
Drdinxry  iKuling  pniiil. 

Jjul  H«  tliey  formed  a  vacuum  in  their  cylinder  by  the  condensation  of 
I,  he  inn«ted  on  having  a  ahare  in  their  |>ateni !  The  fact  waa  hia 
inea  had  become  in  a  great  measure  laid  aaide,  and  he  doubtleas  per- 
lived  that  they  were  destined  to  be  wholly  superseded.  Desagunera 
tn  1744)  observes  that  the  progress  and  improvemem  of  the  fire  engine 
verv  atonpod  by  the  difHcuItiea  and  dangers  alten^ling  it,  till  Newcomen 
ihJ  Cawley  "  brought  it  to  the  present  form,  in  which  it  is  now  used,  and 
•4  boMi  near  these  thirty  yeara."  Unless  his  name  was  included  as  a 
joilil  patentee.  Savery  threatened  an  appeal  to  the  law;  and  it  ia  said  his 
nftuont^e  ai  court,  as  commissioner  for  the  sick  and  wounded,  gave  weight 
;o  this  ungenerous  and  unjusi  demand.  Newcomen  we  are  informed  was 
(Quaker,  or  like  Cawley  a  Baptist,  and  therefore  on  principle  avers«  to 
conirov^rsv  :  he  was  moreover  a  man  of  "  a  great  deal  of  modenty," 
_  jieldod  the  point.  The  patent  was  consequently  issued  (in  I70S) 
to  Thomos  Newcomen  and  John  Cawley  of  Dartmouth.  aDd  Tbomaa 
.very  of  London." 

Kfther  point  has  been  generally  overlooked  :  so  far  from  Newcomen's 
one  being  an  infringement  or  improvement  upon  Savery's,  it  was  i^ally 
IliTcntcd  as  early  if  not  earlier  than  the  latter.     Switxer  (tSavery's  friend) 
it  IVfivrr^inen'a  engine]  is  indeed  gerteralty  aaid  ui  b*  a.R  vtoyw*"**- 
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maat  to  Sttvery**  engine,  bat  /  am  t^tU  im/orut'd  UuU  Mr.  Newfunp  n  i 
as  uKrlj  in  hu  invention,  lu  Mr.  Savory  wiu  in  bw,  only  thr 
avarer  dw  court,  bad  obtoin'J  his  patBTtt  hnforf  iLo  ntbor  knuM  ■■>  ^. 
wbich  ftccouni  Mr.  Newcomoo  was  glaJ  tn  cnmr  in   a>  ti   partDvr  to 
(HydroJtittics,  2W.)     TKat  ix,  a«  «  purtiwr  (u  Km  awn  invenlioo. 

To  Newcomen  and  \u»  matocinU!  tx>tong4  Uw  bonorof  lajrin^  tlwfova^ 
fttioo  for  the  mcxicni  ongino.  The  [miou  rn^nr  of  Woroorter  (mJ  bora 
IbrgiJlieD,  I'apin's  w«  an  aborlion.  and  tiavi-ry  probithly  never  Uinagtuor 
ooe  ;  faenoe.  Avhoth^r  tbe  DartnioutJi  lorchanicntita  wurc  awvrv  of  lU  pr^ 
vious  employmBm  or  not,  ta  ibeiii  a  large  Khar*'  nf  lornt  U  justiy  oua. 
They  were  moroovur  amiable  and  uoaa-ummg  in  thpir  manni^re,  anJ  Mea 
to  bavo  passed  ihntugh  tifo  witbout  rxcttini'  mucb  oi'  ibat  envy  that  «■&■ 
bittera  mum  or  Ww  tnu  niditt  •«)  dayi  of  auocoavTiU  inventor*.  Fmu 
•ilcfa  men,  who  oa  wilbbold  expreuions  of  a[>pTohMion  and  etteem  '  H«il 
Ihey  been  iiioniliwn  of  tbe  RonKin  church,  tb<'y  ahould  hnve  been  cannniR^ 
^•«ould  wt-  l>*^li(-vt)  in  thv  efficacy  of  prayeni  for  the  dead,  we  would  h*^ 
owufsufi  peHurmvd  Ibr  the  rvpoeo  of  their  spirits — luui  had  we  the  pawvr. 
•vtrnr  oomributor  to  usuful  laocbaiuMD  Bboold  be  oonuoemorued  fay  n 
aputncoBis. 

Cuwicy  died  in  1717.  bat  lbs  data  of  Nuwouiaea'a  decexe  bM  aM 
buon  ascerUaiiicd. 


CHAPTER    IX. 
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Kewcomen  and  Cawley's  engine*  ware  fotind  (o  answLT  the  ps 
of  raising  water   so  well,  thai  in  a  few  yewn  ihuy  werp  introJoced'il 
Russia,  ,*>w(«d«n.  Prance  and  Hungary ;  and  iiIk>ui  1760.  one  was  iniptm 
by  the  prtipnr-tnrn   of  the   old  copper  mine  uvat  BeUerUle,  New  JntrnJ' 
Thsy  in  fuel  irti^uirted  a  new  and  v«ry  Iwiiuhcnil  impulsa  lo  mtRilU'  OprTB- 
tJ<in«,  awl  <piickly  raised  tbe  valoe  of  roiniijg  stuck.    Uelugnd  wtinu  wi 
rwcovtrrvil,  rild  mines  deepened,  and  new  ODOs  opened,  in  vanout  dk 
both  in  Omiii  Britain  and  continemal  Europe :  oor  wem  they  txmi' 
draining  mines,  but  were  employed  lo  ntisu  water   for  thr   uae  nf 
and  ctttea,  and  even  to  supply  waier-w[ie?U  of  nnllB.      >'■      - 
attention  of  ingenious  men  to  their  imprDKrmunt,  they  hi'.  iiivi 

nf  extending  manufactures  generally,  and  introduced  one  : 
before  tioun  known  in  the  world,  vix,  the  labiication  of  m-  ■  luu— a 

■Donufac'tire  iif»>ti  which  tbe  wt-alth,  p»wi<r  and  bapptneaa  tii  umUaoi  bi* 
^iMtJDod  in  a  \/,t*t*\  (le^nni  bate4.0,Qf  w  >.l«^nd. 
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Leopold,  to  vkom  we  have  fra<jucntly  referred,  reflaeti&g  on  Papin'i 
'  oxperiitKfDU.  Hjgg««UHl  the  fullowuig  applioLUon  oTMBam  to  motro  putona 
«ad  lu  nuae  vruer:^- 


N«L  IVT.    L«v|u>U'i  Htfh  ¥tmum  Eaftoa.    A.  D.  1190. 

Two  ftceam  cylinders,  uperi  mt  top  and  provided  wiUi  pistons  a  b,  were 
J  over  the  boiler  e,  from  the  upper  |>arT  of  which  «  four-way  cock  d 
Jtted  steam  alternately  into  the  bononi  of  each.  The  pistons  were 
connected  hy  inflexihle  rods  to  the  ends  of  two  working  beaniB,  and  to  the 
opposite  extremitiad  of  the  beams  were  connected,  by  similar  rods,  the 
ptsiOQsy  g  of  two  forcing  pumps,  whrtito  lower  p«ru  were  placed  in  the 
wa(i>r  to  be  raised-  An  attendant  turned  the  plug  of  the  cock  to  admit 
ttr-ftm  under  one  pision,  which  was  pushed  up  by  the  expansive  force  of 
thv  Huid,  and  consequently  the  piston  of  the  pump  connected  to  the  same 
bnam  was  forced  do^^'n,  and  the  water  in  its  chamber  driven  up  the  rising 
nuin  t.  The  cock  was  then  turned  to  admit  steam  into  the  other  cylinder, 
wliow  piston  was  raiaed  in  like  manner ;  ai  the  same  time  one  paasofe  of 
the  mMK  opened  a  coramunicnuon  with  the  interior  of  the  6rst  cyhnder 
end  the  external  air,  an  as  to  allow  the  steam  within  to  escape. — (sew  the 
figuro.) 

This  is  the  first  high-pressure  piston  eneinc  figured  in  books.  It  has  been 
ereatly  admiivd,  and  yei  as  nrpreeented  it  ia  ttseleas  and  impnicticable ; 
for  when  th«  stamm  piainns  were  once  raised  the  whole  would  retnuin  im- 
muveshle.  there  being  no  means  for  caustni^  ihrm  lo  descend.  Had  Leo- 
pold used  one  beam  ustead  of  two,  and  placed  a  pump  and  steam  cyhnder 
under  each  end,  ihe  device  would  bavo  been  complete  and  very  eflisctive. 

It  is  smgalar  that  the  reaearcHcs  of  Leopold  had  not  made  htm  ao< 
quainti'd  with  the  Ikrt  thut  four-way  cocks  vrem  lued  h>ng  before  Papin, 
t/1  whom  he  altnlmlef:  ihem. 

Wtrh  thill  dcvii.-r  of  Leopold,  wr  tnkc  leave  of  fteam  machines.  Hitfaarlo 
llicy  had  Itv^rn  t.'mploved  onfif  lo  riiieu  water,  but  the  period  was  now  ap- 
proaching when  the  agency  of  this  Huid  as  n  first  mover  of  machinery  in 
gmrral,  wraato  became  indefinitely  extended.   Theen^neaof  NewconwTi 
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and  Loopol<l  were  the  links  which  connected  the  labors  of  Henm.  Qatf, 
Porta,  Worcosujr,  Mar(.>Iiui(l,  Papin  and  Savery  wiih  tfaoH  of  Wilt.  Tby 
oponcd  Uic  way  fur  thu  intn>ducuo[i  of  ilic  crank  and  Sv-wlit^«l,  wiuck 
cnanmid  conipltittily  liiu  character  of  the  old  cnginca.  Ltka  WomiMrt 
and  i^avcry'a,  N«wcoi»cn's  onginc  ruquirod  the  consUni  aunntianofa 
aucndant  to  open  and  closti  the  cocki ;  but  a  boy  natnod  Poitor  pmployed 
in  thi£  Mtrvice,  sti  mutated  bv  the  lovo  of  play,  ingeniously  added  cords  u 
the  Icvun  by  which  the  cociu  were  tuniud,  and  conncciing  the  oihereadi 
of  thu  eordfl  to  the  moving  beun.  rend<;rt)d  the  machine  ftt*lfactitig,  tad 
thug  acquimd  opportunittos  of  joining  his  sportive  companions  uniLiMm 
to  his  ernployurs.  Iron  rodit  werd  eoon  after  substilnlud  for  the  eofdi  h] 
Btnghtoii,  und  finally  Wiut  and  Gaindborougfa,  I^Iornblower,  Brani  anj 
Truvitliick.  Jcc.  appeared  and  made  the  BUUD>enguie  the  great  priw 
movur  of  man. 


A  few  Bubordloate  devices  relating  to  steam  and  ateam-^agiiMi  i 
be  noticed.  There  is  in  Stuart's  Anecdotes  on  historical  noia  n 
wooden  boilerH,  in  wliich  water  is  healed  by  furnaces  or  flues  whUa 
them.  They  are  traced  back  to  1063,  It  may  be  interesting  to  tom 
readers  to  atale,  that  they  were  in  use  in  the  precediug  ceniury,  and  tbsi 
the  device  in  all  probability  dates  from  even  a  more  remote  period.  Th»]r 
are  described  in  Gesner's  "  Secrets  of  Phisicke  and  Philosophic."  In  the 
English  tranittatioti  of  15£^,  by  Baker,  to  which  we  have  already  had  re- 
course, they  are  twice  figured,  and  tlius  deacribed  ;  '^A  woodon  bowlecr 
lubbe  of  a  sufficient  compasse  and  targoesse  over:  in  the  middes  of  whisk 
tubbc  ertici  und  «ct  from  the  bottom  unto  the  edge  or  brinke  of  the  ans. 
or  rather  above  it,  a  great  coppt^r  vessel,  in  the  forme  of  a  h^illow  pypn- 
Lct  a  parte  of  the  copper  pypp  desccndc,  in  such  sort  and  manimr,  tksi 
the  wa.ter  be  contained  bctweenc  the  outward  bored  wall  of  (he  pvpeandths 
pane  wirhin  of  tho  tubbc :  But  within  dial  parte  of  the  pypo  which  ik- 
sccndcth  by  the  botlome  of  the  tubbc,  let  tho  nre  be  put  and  kindled,  fortik* 
heoting  of  the  water."  Polio  2.5.  Tho  third  part  oi  Glauber's  Trvatitr  i 
Philosophical  Furnaces  al«o  relates  to  wooden  boilers,  in  which  1m: 
were  heated  by  a  copper  retort  placed  in  a  lire,  and  whose  neck  waa 
fiortcd  in  the  tower  pan  of  the  hoiW,  the  liquid  circulating  through 
retort.     Eng,  Trans,  by  Dr.  French,  London,  1652. 

Wc  havu  been  informed  that  nn  enormous  steam  boiler  for  att 
nheric  engine  was  in  use  many  years  ago  at  a  copper  mine  near '. 
in  Cornwall,  England,  which  was  composed  entirely  of  large  btodta 
gramite,  or  "  moor  stone."     The   water  was   heated    by   a  fornactt, 
which  iron  pipes  traversed  backwards  and  forwards  in  the  waier. 

The  old  chemists  often  boiled  liquids  by  the  sun's  heat,  and  u  wrilerj 
iho  London  Magazine  for  1750  proposed  to  substitute  the  solar  myi 
common  fires  in  ticating  steam-engine  boilers,  viz.  by  oollocting  iIk*  rvyi 
■  focus  "  by  means  of  a  common  burning  glass,  or  a  large  concAVa*  rvQc 
mirror  of  polished  metal,  or  perhaps  more  conveniently  by  the  nei 
vived  mcthodof  Archimedes,  which  by  throwing  tho  focal  |M>iiit  toi 
distance  may  be  capable  of  many  advantages  that  the  others  hnvo  oat.'* 
He  anUcipates  three  objectioRs: — I.  "The  focus  will  vary  with  the  motMM 
of  tho  sun."  To  obviate  this  he  proposes  to  make  ibe  mirrur  morrabU 
by  machinery  attached  to  the  engine  it»elf.  2.  "  The  extreme  h^ai  oflh* 
focal  point"  If  this  should  be  too  intense,  it  may  be  motlerali^d  by  «■>• 
lar^inff  the  focus.  3.  "  TKe  sun  <ioc«  wiv  tAtt)(ta,iM<j  ^Kviw "— Uuntlbryi  the 
eofioe  must  stop.     TViVs  oK^ecUon.Vie  temu^  \a  cMMiwwt  u>  ^nuk.,-«lth 
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nd  other  nulla ;  and  be  tbniu  in  the  hot  iDonths,  H  lOMI,  a  suuun-fiiunao 
night  hn  nuuJe  lo  mi»e  by  the  9un'«  beu  water  enough  from  u  waU  to 
«pl«mKh  tilth  ptmfis  jlcc.  oa  opportunity  served.  We  bavu  long  tbouchl 
hut  cnlur  hent  will  yet  aupersede  artiAcial  tires  to  a  limited  extviit  in  raimng 
iteam,  as  well  a»  in  numerous  other  operaiionfl  in  the  art*t  esptcially  \a 
tlacea  where  fuel  16  scarce.  It  is  a  more  legitimate  object  of  raiwiitxfa 
hKti  nne  half  of  the  new  projects  daily  hrougUt  t'um'srd. 

The  mode  adopted  by  \Vati  tor  supplying  water  to  his  boilera  liy  moans 
tfmjtoat  attached  to  a  lever,  and  so  arntn^ed  as  to  open  and  close  a  valvu 
o  an  adjoining  cistern,  waa  not  invented  by  him.  ll  was  employed  by 
4r,  THewald,  the  Swediab  engineer,  in  171p,  in  bis  apparatus  lor  commu- 
iicaune  heat  lo  greeii-housea  hy  steam,  and  is  described,  wiib  a  figure,  in 
ixe  London  Magazine  for  1755,  p.  IS — ^1. 

Heating  green-houses  by  steam  is  mentioned  by  an  Eu^l^h  writer  in 
1660.  Ri»ius,  m  1648,  «]K>alu  of  eolipiles  heing  employed  to  imparl  an 
Lgreeahle  temperature  lo  apartments  in  dwellings.  Col.  Wra.  Cook's 
'  Method  to  wnrra  rooms  hy  the  .steam  of  boiling  water,"  is  described, 
with  a  cut,  in  the  (lemlemitn's  Magaiinn  for  1747,  p.  171.  A  boiler  was 
»  be  hosted  hy  tba  kiicben  fire,  and  the  sieom  pipe  to  ascend  through  ono 
tier  of  moms,  and  descend  through  another,  traversing  backwards  and 
forwards  in  earji  mom  according  to  the  temperature  required  ;  the  escape 
of  the  condensed  and  waste  steam  being  n'gnlnied  h>'  a  cock. 

A  patent  for  cooking  by  tteatn  was  L-iken  out  in  Bnghuid  hy  Mr.  How- 

^  1793.    He  named  his  apparatus  "a  pm 
rtt,  vol.  X,  147. 


I  apparatus  "a  pneuinatic  kitchen."    Repertory 


There  are  two  other  olames  of  motive  mndiines  that  we  intended  here 
to  notice  in  iinme  detail ;  hui  as  they  have  noi  come  into  general  use,  and 
this  rolume  having  already  nearly  reached  its  prescribed  limits,  a  brief 
lkeu:h  may  initlice.  The  origin  of  mont  of  them  may  be  traced  to  atiempta 
10  supersede  Tteam  hy  more  portable  Huidft,  or  such  as  require  le^s  fuel  to 
;enAT«te.  We  allude  to  aepliuive  and  io  rapar  tmginea.  Of  all  the  devices 
D  which  the  steam-engine  has  ^ven  binh,  none  poetess  greater  interest 
Kan  these,  i^nme  were  designed  to  raise  water  directly,  and  all  of  ibem 
ndirpcily.  The  firat  r.lasn  are  named  from  the  force  hy  which  they  act 
leing  developed  hy  the  firing  (generally  under  pistons)  of  explosive  com- 
lOunda.  These  are  either  concrete  or  atiriform  substances,  as  gunpowder, 
I  mixture  of  hydrogen  gas  and  common  nir,  tzc.  Those  of  the  second 
;lius  am  gimiinr  to  steam-engine.*,  except  that  iJiey  ore  worked  hy  elastic 
luids  t-volved  from  vo'.ntile  lupiids,  or  such  as  pass  easily  and  at  lowtem- 
wnttureit  into  ihit  n^rifpnii  ttate,  as  alcohol,  ether,  tcc. 

Rxplotiive  like  steam  engines  have  l>een  made  to  act  in  two  diflerent 
Mraya,  according  to  two  oppoitite  pro^ierties  or  elferia  of  the  exploded  sub- 
Ranee— the  expansive  force  developed,  and  llie  vacuum  or  partial  vacuum 
Krhicli  succeeds.  For  the  purpose  of  explanation,  suppose  two  large  re- 
ig  guns  or  muskets,  provided  wtth  small  charges  of  powder  only,  to 
ured  by  a  frame  in  a  perpendicular  position,  with  their  muszles  up- 
,  and  three  or  four  feet  apart.  Directly  over  them  let  there  be 
iapted  a  working  beam,  somewhat  as  in  the  last  figure,  suspended  on  a 
iitcniiu  at  an  vi|U)il  dislancn  from  each.  Suppose  ihe  nunrods  placed  in 
le  biuTfttt  with  their  buttons  or  plugs  S4)  made  as  to  fill  the  bore,  and 
•  r'  '  I  like  the  piston  of  a  syringe  or  pump.     Let  the  upper  ends 

li,  :li«n  bs  conrwctnd  by  a  bolt  to  the  ends  of  iho  beam,  which 

ai  iuch  a  distance  above  t)ie  mtiKKlen  that  when  the  plug  of  one 
bottom  of  it«  barrvl,  that  of  the  other  may  be  jutt  within  tbo 
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raussle  of  the  oih«r  b«rT«l.     Now  Ici  diKt  maslutwilh  wboM  bnwk 
plug  of  its  rnmrvKl  u  in  ccinutct  )>e  first  6red,  uid  the  rod  will  tMtudf 
loroed  like  a  bulloi  up  tlM)  borral,  and  by  lU  comwotwn  with  tlie  ti 
will  e%a»e-  the  oilier  rod  tn  daeceiuL     Tba  miukL-i  in  which  ihU  Us 
mnv^TA  is  ihea  in  iu  turn  to  bo  fired  and  tho  rod  (urcad  up  m  ihm  fwoe  inj. 
Thuj  the  uperation  ta  continuvj.     Thi*  ruciprocatiDg  motiua  ol'  lb*  hn 
is  eonrcrtod,  irruijuirud,  into  a  contiououo  roluy  ons  by  tDmuoT* 
or  sonu)  analuguuK  duvicu, 

Kneines  ud  ttiis  j^tn  haru  not  suocoeded,  nor  is  diem  any  prol 
of  their  tuccutjs.  There  are  appareDdy  iiuuperable  ob|oct]oa«  to  ib^ 
but  which  iiced  noL  here  he  detailed.  The  eitploaioD  of  gunpowder  bi 
therefore  been  more  frequently  employed  to  produce  a  partial  vacuua.  n 
a  cylinder  when  its  ptsioa  is  ruised,  in  order  to  excite  ihe  pnwsim  of  lb 
atmosphere  to  force  it  down.  Suppote  one  or  more  opeoin^  covandbf 
valves  or  flaps,  were  made  near  the  upper  ends  of  the  muakeu  imiuiMi^ 
abo«'e,  i.  e.  just  bonca.th  the  pjsions  or  pLu^  of  the  ramroda  when  ai  da 
highest  point  in  the  barrels,  aod  tlie  powder  exploded  wh«n  thoy  an  b 
that  posici'in  :  the  sudden  expansion  would  drive  out  through  Um  nlw 
most  nf  tliu  ur  previously  in  the  barrel,  the  vakos  wuuld  instaotly  eloa, 
and  tha  auntmphcns  would  push  down  the  rod  and  thus  roi^e  iho  othar; 
which  in  lis  turn  might  Iw  caused  to  descend  by  exploding  the  chain 
under  it,  and  so  »n  irontiiiually.  Instead  of  opanin^  in  the  cylindvnm 
the  evcapt'  nf  the  air,  nnmn  experime titers  have  m«d«  large  openings  m 
the  piacons  und  oivered  thviQ  with  flapSi  (bke  lh«  suckers  or  oofanwa 
pumps)  »o  tliKt  when  the  t^xpiosiun  ce^uttrd  the  flaps  closod  and  prevmipij 
the  air'a  return.  Othnnt  have  used  solid  pistons  and  romovrd  the  botuou 
of  llieir  cylinders,  and  covered  the  0|iemng«  with  leather  flap*  ao  at  l» 
Operate  us  voIvqs  and  nve  a  froor  exit  U>  the  air  and  heated  ^asea.  Tka 
waa  the  plan  adopted  by  Mr.  Murey.  Papin  used  hollow  puiana.  Tb 
vacuum  produced  in  this  mannor  by  i^uupuwder  hus  always  beea  ^m 
imperfect.  Instead  of  obtoimnv  a  proasure  of  14  or  15  puunJa  on  tha  tau, 
Papin  could  not  realize  more  thun  six  ur  suveu. 

wunpowder  baa  also  be<.Mi  applied  (o  rai«u  water  dirvctly,  by  cxplodiM 
it  io  olose  vessels  like  the  receivers  uf  Savery,  widb  a  view  to  expel  tbcn 
eonlenU  by  iu  expansive  force,  and  ulsu  to  pruduoe  a  vacuum  io  ordar  u 
charge  thetn — but  with  no  useful  result, 

Enploiive  uiixtures,  formed  of  ceruin  proportious  of  an  inflainmahb 
fwt  and  coiDfoon  ur,  have  beea  found  to  produce  a  better  vacuus  lliaa 

C»owder ;  for  a  volume  of  air  equal  to  that  of  ibe  gas  used  ia  dtsplacwl 
the  cylinder  by  the  entrance  of  the  gas  previous  to  every  explooiaa. 
and  when  tins  takes  place  nearly  the  whole  of  iho  remaining  air  is  expvIbiL 
As  yet,  however,  the  best  of  explosive  engines  have  had  but  an  ephenaral 
existence.  Besides  other  disadvantages,  the  heat  generated  by  liie  fianv 
attending  the  explosion  expanda  the  air  that  remains,  so  an  (o  diaualiib 
oonudersbly  the  effect. 

or  oapor  «ngines,  the  roost  promising  at  one  time  were  thoae  ia  ^ 
the  moving  force  was  derived  from  ether  and  alcohol.  The  foniMr 
at  about  blqiod  heat,  or  9S^  of  Falirenbeit'a  scale,  and  ibe  laner  at 
while  water  requires  ili°.     The   vapor  of  alcohol,  it  has  be«a 

exerts  double  ilie  force  of  siesm  at  the  same  temperature ;  and  if  b> , 

be  conceded  that  ihe  same  quantity  of  fuel  produces  eipial  (emponUimt 
on  both  alcohol  and  water,  then  (he  former  would  seem  to  b<*  more  eeon^ 
miral  than  than  the  lattrr.  MorcKiver,  in  conse<|iience  of  the  dlffsraM  Ipv* 
ciGc  gnivilir»«  nf  water,  alcohol  and  ether,  the  cnel  of  vaporixiDK  Wffoal 
voJamea  of  each  varies  in  a  st\\\  tgraater  roiao  ^wi  "^Mnx  Vw«^'a,i>i%  y(»w*— 
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this  omt  being  u  ifae  oumbm  11.  4,  2 — chiu  making  tbo  simUs  prepoiuie 
nua  Bull  mora  in  icvof  of'ftlcubol  irMl  ptlier.  Wtiy  clii<n,  it  luav  bv  ukcil. 
Jiave  tiiov  not  »iipeneded  water  t  Principftli^  Im;c«iuh;  xliv  diit:iirvDt  vo- 
lllma*  of  vapor  from  e^jiul  ()UAntitie«  of  the  tbre«  liquiJa  larD  buck  the 
•ckI**  in  (Wmr  n{  steam.  A  cubic  incli  of  wsier  aBi>rd«  L900  cubiv  in<:hc-8 
of  steam,  while  n  cubic  inch  of  alcobol  producer  obom  GOU  and  vihvt  only 
300  inches ;  henco  the  expense  of  proauctn^  e(]ual  tviwaet  ofvajtar  (utKl 
lJj«t  u  the  iraiin  poiai)  it  notuall^  m  i'nvor  of  stesm.  It  hu  liier«forc  b««n 
•JtMtiwd-  more  I'conomioftl  to  use  thi«  Huid  U»n  the  oiben,  even  if  they 
w«rr  »qualljF-  chuaft^to  my  nothing  of  ihe  dunger  nnsing  from  fluoli  an 
vmpidvtiirnt  of  hii{hly  tnflaniiaable  liqukU,  wtd  the  praoocol  iJttHciiltiei 
fett^tifJiriL;  ih<-ir  applimtion. 

tit  1791,  Mr.  John  Bxrlier  olMaiued  a  pntont  for  an  explosive  motive 
engiiw! ;  hr  itmid  g&«  or  vajtor  from  "  ontl,  wood,  />\\,  or  any  other  com- 
tniHttblt^  matl«r,"  whi<^h  he  diKtitled  in  a  rt*tor(,  nnd  "  mixed  with  a  proper 
Ifuantity  of  Him<uiplii<ric  or  common  air."  ij«>  Kcpvrtory  of  Arts,  vol.  xiu, 
371.  Another  puiunt  wiu  iseuLtl  in  17B4  to  Kobort  ijtm<t.  for  an  "  in- 
flammable vapor  force,"  or  explmiw  eiigiiii;.  He  i;xplodi?d  spiriia  of 
tor  or  turpenttoe  mixed  with  common  uir  under  a  piston,  and  uirced  it 
entirely  *rn  of  the  cylmdur,  into  wbich  it  was  ttgaiu  rcturnod  (Uy  its  own 
Wfticlit)  aiiiJ  gui^i'd  by  gruovea  in  tbe  fra/uc  work.  Hupurtory  o{  Arts, 
fol.  1.  lo4.  In  1H07.  a  puiem  was  granted  in  France  to  VL  D«  Rlvaz,  Ibr 
another,  in  which  hydrn^4>M  and  comnioa  air  were  mixed  and  exploded. 
JJe  Rivoz  moved  a  locomotive  carriage  by  the  power  he  thus  derived- 
He  aW  inflamed  the  gaseous  mixiura  by  the  electric  apark.  Dr.  Jooea, 
En  1814,  made  experiments  on  another.  See  Journal  oi  the  Franklin  In- 
•ticule,  vol.  i,  iid  series,  page  18,  Mr.  Cecil,  in  lt<SO,  published  in  tbe 
Tronsdciions  of  the  Carabndge  Philosophical  Society,  (ISiig.)  a  description 
of  an  explosive  engine  of  considi_Table  merit. 

In  18^5,  Mr.  Brown,  of  London,  patented  his  pneumatic  or  gusTacuQin 
igine.  Tbe  very  ssngnine  expeciatjuns  it  excited  huvc  now  died  away. 
It  ts  iigured  and  deBcnbcd  in  too  many  works,  both  Kni^lish  and  Amen- 
,  to  reipiire  insertion  l>ere.  In  1820.  Mr.  Mor«-y.  o(  Nrw  Haiiijishire, 
latvnUNl  an  exploeiw  i^ngine,  aiul  soon  aflnr  exhilitt«d  a  large  working 
ni>del  in  this  city,  (New  York.)  which  we  took  aeverMl  opporliitiiti<<tt  to 
txaaiine.  Tbe  piston  nxli  of  two  vertical  and  open  cyhndeni  were  con* 
Qedfrd  lo  the  opp<>»ctf  end*  of  a  vibrating  beam.  The  pistons  were  made 
Df  sbent  cupper,  in  ibe  form  of  plungers,  about  nine  inches  diameter,  and 
»vure  miwlc  to  work  airtight  by  means  of  a  strip  of  oiled  listing  or  cloth 
led  round  tiio  upper  ends  of  the  cylinders.  This  was  all  the  packing. 
Mr.  Morvy  employed  the  vapor  of  spirita  of  lurpennne  and  common  air. 
A  small  t>n  dish  contained  tbe  spirits,  and  the  only  heat  he  used  was  frtun 
cifmmon  laljlc  lump.  By  means  of  a  crank  and  fly-wheel  a  rotary  move- 
em  was  Otjl*iiivd,  a«  in  tbe  steam-engine. 

A  singular  device  for  ranking  the  atmospheric  changes  of  temperature 
oieaD*  for  raising  water,  was  devised  by  M,  Woisard.  It  consisted  of 
ro  vcMeU,  ono  above  tbe  other,  conm-nod  by  a  tube.  TIk*  lowt-r  one, 
iSViQg  a  valve  id  its  bottom,  u'as  placed  in  the  water  lo  be  raised.  The 
ipper  vessel  waii  exposed  to  (he  sun's  beat,  and  within  it  was  a  bag  nr 
imall  balltmn  containing  air,  and  a  little  rther,  or  other  volatile  liijuid. 
As  tbe  atmospheric  temperature  falls,  tbe  l>a11o<>ii  will  diminish  tn  bulki 
he  •wmmtiding  air  will  became  rarer,  and  the  water  will  introduce  itself 
nto  tlic  machine  throngh  the  valve;  and  when  the  temperature  again 
WOT,  the  pressure  exened  within  the  murbiue  by  tlie  irtcreaKing  volume 
f  (he  bftUDOO,  will  cause  tbe  excess  of  water  to  (low  ouL"     With  the  ex- 
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ccpuoQ  of  the  ether,  this  doviee  ii  a  tsodiiicuioii  of  the  air  nuehinei  Na 
174  and  175,  figured  m  page  380. 

Thu  vapor  of  mercury  has  been  tried  ac  a  aubuittiio  for  MeatD,  te 
withuut  much  luccesft.     Thia  metal  boila  at  660°. 

Another  «ourcti  of  power  has  been  Bought  in  the  irumetuioiis  Hxw  wiA 
which  the  li<]uctiGd  and  soliditied  gasen  expand  at  (."onuDon  tomperatsnt. 
Liquid  carlionic  acid,  at  the  low  temperature  of  32^,  has  bti«n  foind  • 
exert  a  force  e(|uivalent  to  thirty  five  atmoapheres !  and  every  incnoiHt 
of  heat  adds  to  it£  energy'.  No  very  pracacal  mode  of  employiog  ikil 
force  AB  a  mecbaaical  ageni  has  yet  oeen  matured. 

The  alcerDuie  decompusitioo  and  recomposidon  of  water  haa  also  hen 
Buegesied.  By  decompositig  this  liquid  by  gaivautc  electricity,  oajr^ 
and  hydrogen  gasvs  are  produced  in  the  exact  propontoos  in  whieh  tkjr 
combine  in  water,  11'  .the8«  caaes  b«  made  to  occupy  the  imenor  d*  • 
cylindur  wIr-h  thu  piston  is  raised,  and  thi?  electric  spark  be  ihctn  pumi 
through  ihi-m,  they  inslamly  bocoiue  condensed  into  a  few  drops  of  miai; 
and  an  almost  perfioct  Vacuum  is  tbe  result,  when  (lie  atinoBphere  aelica 
the  piston.  The  watur  is  then  to  be  reconverted  iuto  its  constiiaaM  gaii^ 
and  thu  upwntliun  repeau-d.  See  "  The  Chetnisl,"  for  1S35.  For  fuitliK 
and  more  n^c-ent  inl'iniivtion  respecting  motive  engines,  consult  tbe  Rfr 
pertoryof  Arts.  Hehnrt's  K«gtstvror  Arts,  London  Met^aoiua' MagasiMt 
and  the  Jouriuil  of  the  Franklin  Institute. 
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8«b>«ctt  inmmI  Ib  iIm  Mb  book,— L«wral  oonnBanteteJoii  cf  soikis— TUi  otovwd  by  tb«  MwiiHU— 
Wltul  M  iha  FkUi  of  ttiaKW*— Tba  unabe  deKnliod — NiiBral  li*iibofe~T>Miaf  bM  liqsid^Water* 
■pMI*— VwtMI4f«rallnu«f  ikabooMn  mouiIi— Cnrrenii  of  — rtir    1-rir  -imit    lary-  nr-rr    ill 
ttwiii—  of  •  boulo— Itcpariianto  of  Vaiawrl— BipvndMure  of  itauc  (rvcn  vanau)  formed  iji^iiiw 
t^Mtinntd  *•!>—€#••«  uf  liKreawl  •Jlnbofra  OnM  toolca]  inbH— 8al*  afi  **ur  pv*«r— Xcf«Mi«D 
of  lb*  anciaM  !!■■■»»  ta  |inf«M  ■■  «ieai*  af  valar  tfa  bilai  dtavu  bj  pips*  fron  Iha  aitaedaeM. 

In  Uiis  book  M'e  propose  to  notice  some  det'icca  for  nuiung  wKUir  thtt 
■rt)  e.itker  practically  UB«ful,  or  intcrcstiDg  from  their  iiuvelcy  or  llie  prin* 
etplea  upon  wliicli  ihey  acL  Au  account  of  siphons  ia  addfld,  and  al«o 
mnark»  on  cocks,  pipes,  valves,  and  other  devices  coooectsd  with  practical 
hydraulics. 

A  tluid  moving  in,  contact  with  another  ihot  is  comparatively  at  rest, 
dni^s  aloni;  those  particles  which  tt  touches,  and  tliesu  by  liicir  mutual 
adhi'jtiuu  carry  iJieir  uuii^hbors  with  them;  the  latter  also  communicate 
lilt*  impulit.-  Id  others,  and  those  to  moro  distant  ones,  until  a  larKe  ntasa 
af  the  fluid  ou  both  sides  of  the  motivo  current  is  put  in  motion.  Whatever 
may  be  the  process  by  which  this  is  effected,  or  hy  whatever  Dame  the 
principle  involved  may  be  called,  (lateral  communication  of  motion  or  any 
other)  rJiere  is  no  ijuestion  of  the  fact.  The  o|>eration  moreover  ia  not 
cuiilined  to  any  particular  fluid,  nor  ts  it  necessary  that  the  one  moved 
fhimlj  be  of  the  same  nature  as  thumo^'cr:  thus  air  in  motion  moves 
water  and  other  li(|utds  as  well  us  air,  ami  mi]uim>us  currents  impart  motion 
to  aeriform  fluids  as  well  ss  to  standing  u'slers.  A  stn-um  of  wittd  from 
■  bellows  bean  with  it  the  atmospheric  particlr-s  which  it  touches  in  its 
pajtsage  to  the  6r»— L  e.  it  sweeps  alone  with  it  the  lining  of  the  aerial 
tube  trirouch  which  it  is  urged.  Blowmg  on  a  leuor  sheiot  to  dry  the  ink, 
ur  on  K^lding  food  to  cool  it,  brings  in  contact  with  these  substances 
Kreoina  of  otlier  air  than  what  issues  from  the  thorax.*  Tlio  operaiiotis 
by  which  the  maJi  io  the  fable  bluM-  hot  and  cold  "out  of  the  same  mouth  " 

*  t>(ie*  not  ttf  •ain«i  prtnciplA  perfonn  an  important  part  in  reipiration ' — the  lonp 
tuti  Ihoiw  wbuily  iuQaled  by  htr  directly  in  froni  of  ibe  li|».  where  particles  of  ihot 
pmtomU'  fihalad  tniiht  alill  linger,  b«il  also  by  ciiireou  Bowiitg  in  lTO«a  all  lidaa  of 
ibt  aMd*  or  mmils. 
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may  here  be  exploioed  :  in  the  Hrst  aum  the  hollow  hands  cIomIv  ewrx* 
pnamsd  die  moiiUi  and  recvivod  the  wsnn  air  from  his  clirat ;  in  tbr 
nij  foud  was  at  a  diauaco  rrum  hi>  lipt,  and  conctfuuviitly  the  huoi 
breath  was  abaorbcd  by  the  sun-ounding  air  and  Inal  whidi  wai  nzni 
■long  wicli  it  to  Uis  soup. 

A  tilaat  of  wind  directed  or«r  the  surTaca  of  a  pUcid  pood  or  lak*  m 
only  creiLtea  a  current  on  thu  lactvr,  but  tomeUmet  bean  away  pan  ttfUtt 
water  with  iL  A  ve«M<l  sailing  befum  tho  witid  is  aidod  ia  btrr  room, 
though  it  may  be  but  tlightly.  by  th«  Vuftod  current  produced  w  tb 
ocean's  surface.  Storms  of  wind  long  continued  heap  up  tba  »ca  ■fnni 
the  mouths  of  riven,  atid  cau»e  tJiem  lo  ovt'rfliiw  tbeir  bankn,  whilv  Imr 
tides  oAen  nrvult  from  the  s)in>e  hgvnl  driving  ibe  ocean  Away  in  oppom 
dtractions.  Thwc?  t-lffrit  ul'  wind  wens  observed  in  remou?  a^rs.  "Ht 
rai^clli  iht'  Bi'iniiy  wind  which  lifttrth  up  the  w«ve»."  Thr  rirtrr  Jorda 
was  "  drivitii  Ijack  "  l>y  wmd,  *o  that  "all  the  I«ratfliit!s  paaacd  oreroudij 
ground."  Ky  it»  agency.  «  pni»iwge  for  ih"  name  people  wm  op-rri 
Uiniugh  ilic  Red  Sea.  "  Ami  Moses  atreicbi^  nul  his  band  over  il  ■ 
aiid  the  Lord  (:au)ie<l  the  ««■»  to  gu  back,  6j(  a  Hrong  rtut  tctnd  all 
night,  and  made  (he  sea  dry  laiij,  and  tbe  waters  were  dividod/'  Exodni 
xiv.  21. 

On  tliK  other  hand,  rivem  and  waler-lalls  bear  down  immense 
of  air  Willi  tliein.  Strula  of  this  Jluid  uii  iJie  nur&cei  uf  rapid  stntams 
quire  a  relucity  etfuat  to  that  of  ihu  tatter,  and  In  snme  places  aerial 
reiitM  thus  produced  \un  very  aeiuible.  At  Niagara  they  ai«  sufficvml  S 
drive  milla  ur  itujijily  bla^its  for  a  lon^  liiM  of  forges.  In  US9,  wble  a» 
cending  the  path  nn  itie  Canadian  aide,  In  order  to  pass  under  ibe  ^rand 
chule,  we  eiili^red  Niiddeniy  itito  one  uf  those  invisible  cum*ni«  undrf  ifan 
Table  Ruck,  and  were  tiuarly  prostrated  by  it.  h  is  the  ascent  of  this  ta 
loaded  with  raitiute  particles  of  water,  (whicb  are  borne  up  by  u  in  iki 
same  manner  that  it  is  itsolf  carried  down)  that  cuninbutcs  lo  the  fem^ 
tlon  of  tlie  snUr  and  lunar  rainbows  seen  at  the  great  North  Atnerioaa  aad 
other  caiar4cis.  Hvivy  rains  bring  duwn  oceans  of  air.  and  m  ibc  showw 
bellows,  or  trombt,  blants  of  wind  are  productfd  on  tlie  same  pnaciplfc 
Could  we  see  ihe  air  brought  down  by  butty  showers,  we  should  bnoU 
it  rebounding  from  the  earth,  somothiag  Uke  1100116  whan  driiraB  agaiMi 
«  wall  or  any  other  plane  surlaee. 

As  the  trombe  iUunnties  this  part  of  our  mfajcci, 
a  figure  of  one  may  as  well  bo  given.  The  pipe  A 
discnarges  water  from  a  reserroir  into  a  fumiel  {Hind 
on  the  vertical  tube  C.  The  end  of  A  toRBtnuH 
ID  the  funnel,  and  oppotste  to  it  is  mtAn  a  nunbot 
of  opeiiinga  in  C,  two  of  which  are  shown  in  the  no. 
The  Inwer  end  of  C  enter*  Uiv  doee  vessel  D,  and 
discharges  its  contents  oa  a  stoue  planed  direeiW 
under  il  As  ilie  water  from  A  passes  down  C,  n 
draws  ur  along  with  it  through  the  top  of  tba  furawL 
and  also  throurh  the  holes  in  the  upper  part  of  C 
As  the  liquid  oufaes  against  the  stone,  ihe  air 
rates  and  rises  to  the  top  of  the  vessel,  wbrnioa  i 
forced  by  suecesclve  volumes  through  B  to  the 
while  tlie  water  collecu  at  the  bouoni  and  is  let 
by  8  regulating  valve  or  cMk.  This  machino  it 
be  perceived  i*  a  miuiature  imitattOD  of  some  of  na- 
ture's onetv.u)n«  -,  &»  «ucad<^a.  waier-Gdla,  and  aba 
ffa  IH.    TIM  TiMka.      h«aV5f  rtwwac*  qS  taiitt,  »x*  »i\  mtoanO. 
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The  trombe  u  of  consicliirablti  antit|uiiy.  It  was  known  to  Heron,  and 
«  mlcrrtKl  lu  in  Pliny'a  Nstursl  History.  Kirrher  lias  ^ven  Mvcral  tigmva 
if  iL  &tie  torn.  i.  203.  of  hU  MundusSubuin-uneus,  and  lorn,  ii,  ]ip.  31U. 
ti7,  of  liii  MiuurKift  Univursolisi  in  which  last  work  he  thnws  ixs  appb- 
atboa  to  ttipply  wind  to  urgBiis.  aud  by  discharging  th»  water  fnitn  the 
mttnm  of  the  vesael  upon  a  wbtel  h«  impsrtnd  nw)tinn  to  the  keys  of  thoM 
njinimeiits.     See  alan  Phil.  Tmiis.  Ahruig.  vol.  i,  498. 

Liqtiida  raiact)  by  currents  of  air  may  lie  illuairaied  Hy  operutioca  in 
ummoii  lite.  Whenever  water  in  a  well  settles  to  a  lere)  with  the  onric« 
if  the  pump  pipR,  air  rushes  in  (on  the  ascont  of  the  sucker)  and  awi-cps 
up  with  it  portions  of  tJie  liquid  in  tbe  form  of  dense  rain.  On  ttic  same 
jprinciplo  people  are  unablnd  to  taste  scalding  liquids.  Tbe  t>exl  tirm;  tbe 
eadrr  «4p«  hot  soap,  or  lea,  or  coiTee,  he  will  find  himself  involnnlurily 
iccping  the  edge  or  rim  of  the  spoon  or  vessel  a  short  distance  from  bii 
hiouth,  and  protruding  his  lips  till  the  upper  one  projects  a  little  over  the 
jdgi- :  then  drawing  iu  his  breath,  the  entering  air  ripjdea  the  surlacu  of 
Jip  iMjuid,  nnti  bj  it«  velocity  bears  broken  ponioiM  along,  pn;ci««ty  like 
ibo  ptiiiip  jii»l  mentioned.  The  liquid  particles  being  tiius  mixed  with 
wm|MU-itlirely  laree  volumes  of  tool  air,  are  so  reduced  in  lh«ir  tompera- 
inrv  as  Ui  bv  received  without  injury  and  without  incoiiveniencn,* 

M'Bl^'r-spfluls  appear  to  be  chargnd  iu  much  the  same  way,  whatever 
may  be  thi'  *i-live  agent  in  tbe  formation  of  these  singular  pkemmirnn ;  for 
(lie  sea  iitimedinti'ly  under  tlieir  orifico  has  often  been  observed  to  bubble 
9r  boil  violently,  and  ri<te  into  tlie  $[>out  in  disjointed  masses. 

A  stream  of  wat<>r  directed  into  or  tlirougb  a  body  of  the  acufK*  liqttiti, 
ilso  commuiiic-alvs  motion  lo  those  particles  of  the  loiter  that  are  in  contact 
with  or  ikdJHcent  to  tbe  current.  Examples  of  this  are  furnished  in  several 
ofiiatun;'*  liydmulic  0|><*ra(iotu.  Tbdt  constant  oceanic  current  produced 
thd  trado  wind«  i»  oiit^.  It  sweep*  round  the  globe,  but  i»  detk'tUod 
(Jividiid  by  tb«  varying  configuration  of  the  lands  that  lie  in  its  way. 

^r  the  tornd  zone,  it  passses  tlirough  ibe   Pacific  unl    I nd tan  oceans, 

whirls  round  ihv  wiutbern  point  of  Africa,  incbnei  to  that  continent  in 
uain  approaching  llie  «i|uator,  then  Ntretchiog  across  tlie  Atlantic  i«  di- 
vided by  the  South  American  coast— one  part  turning  northward  to  tbs 
Oulfnf  Mexici^— thence  this  last  diviition  issues  a*  the  Gul/'  Strevm,  and 
Wing  turned  in  an  easterly  direction  by  the  coast  of  the  United  Sutes,  it 
trears  avay  pust  the  banks  of  Newfoundland,  and  eztenda  iti  influence  to 
Ireland.  Iceland.  Norway  and  the  North  Sea.  This  mighty  current  not 
poly  dimws  wltii  it  tlie  liquid  channel  through  which  it  Hows,  but  tJie  ocean 
br  luBgUct  VD  each  »ide  is  carried  along  with  it,  or  follows   in  its  train ; 


m  Soma  pflbf  MSfntioBs  aPlhs  manth  sr«  itciwrring  of  pnrticfilar  nalit«.     Tli«y  will 

^—t Jhflitf  H  iNKfculv  sovvral  philuwphloU  principl**,  smrattaniioti  In  tlwiu  wc-uldevr- 

aialv  hsVfl  BlisblMl  UVoalDr*  to  biivv  outicipmtM  nmnj  us<.*riil  (liwnieri*-.     Wo  kav« 

in  s*iirtt^<1iu  tiooh  otiMn-«(l  llni  tb«  month  ia  oAcn  voiployvd  s*  «  lortius  pump  in 

vf-'iiKv  lt-)Ui^  an-l  »  n  nickiii|e  oim>  wh<in  dnwiBf  them  ihroueh  aijihont.  or  Uirvuxh 

''*.         11'  jual  neL'ii  how  il  raiwt  lint  li(]inil<  by  drawing  a  kUr-iun  of  sir 

:  I",  iifi  itw  oiimr  jmiiriiili- 1>  ife  Ihi-o  inWe  Im  raw!  wjiii-r.     It  » 

..^  In  ki(i<ili>  lir^a.  anil  ftftj  Uod*  ntnplojn  il  la  ruOl   tiol   viCliiala 

iwilij-     Il  Kv<,n  ■icv  i>.  a  mIvvo  Iu  wsrui  nuf  frozen  liitiiifix.  tiy  f;>viti«  uul  liraled 

il-nj  funk*  a  cou^-'m-ttf  nir.piimp  »(  il,  lo  fill  tiUijiier'.  uir  '■"il"  mi-l  nr.pHMwn ; 

IV  iiiiikn  an  rahaittliita  nut  iif  it.  niKJ  in  all  il  aeu  enntintuill]i  ai  boili  ii   r  >ti, 

utr-it  Juia  it  pi^ifnrni  'li«  pnrl  lira  {\f«.  no  orKin,  or  a  wbUtlf,  \<>  pro  ' 

J  -  ■  -         ...  I  -II  .    .,„,[  ,j„,,i,,  Trnni  iW  unrbncnn  * — ami,  nal  u<  ..>-..>  ^il' 

1^  u  pip<'  iirii'tiai.'4'ii,  vi*  mr  in  uprinlidu  Ilia  id'titiCBl 

'  li)c»nnitiieHiiinllo^  hy  rihauflton— '    *.  a  Mickiiig 

itu)i  i^iti  L-iuity  or  iba  fliK  ibat  n  the  innbtMi  fnw  ihv  it*—*  (U«ic« 

.lain.  ■    ■■  kw  joar^agH. 
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Waitr  raised  hy  cvrrtnU  ^  the  time  liquid. 


IBooh 


and  tlia*  il  IB  ineesaantl}>  transferring  to  nonhero  latitudes  the  warm  waU 
of  (h«  equinocQal  regions." 

The  volumes  of  water  which  shoot  from  the  raoath»  of  the  Abuok, 
Oroooca  aiul  MUltsaippi,  cominui?  with  aliTWi»l  unabaled  volncrty  for  loa^raQ 
into  the  sen,  and  impart  motion  to  rhe  contigimus  portions  of  th«  latter, 
which  are  compelled  to  accompany  them  in  their  course. 

A  current  of  water  not  only  imparts  motion  in  this  manner  to  a  nmmtl 
the  same  liquid  when  on  «  le%'el  with  ilwlf,  but  it  may  be  applied  to  raw 
water  frotn  a  Amwt  lavi.  This  at  firw  sight  Hoes  not  appear  very  ohtiogi 
A  person  having  a  field  which  he  is  unable  ro  drain  for  want  of  a  pla(» 
of  discharge  tttimcienlly  low  for  the  purpose,  would  hardly  ihink  hiaotiJMt 
could  hfl  obtained  hy  passing  &  rapid  stream  into  it  from  a  higher  \vrei 
To  some  farmfrs  thin  would  seem  the  most  direct  way  u>  delnge  thehad; 
yet  the  ihing  i<i  noi  only  pnssihle,  hut  in  some  casee  quite  eaar.  as  wil 
sppeitr  from  the  following  experiments  made  by  M.  Vf-ntuH  in  1707. 

From  the  lower  pari  of  the  cistBm  D,  No.  199,  a  horizonral  tube  pr»- 
ceaded  into  the  vessel  A  C.  The  water  in  D  was  kept  at  32j  iiwIm 
above  the  cootre  nf  the  pipe.  Opposite  and  at  a  short  dtstaace  fitm  tbt 
pipe  vnu  placed  the  mouth  of  on  inclined  rectangular  chantwl  or  gutter, 
open  at  top.  The  water  isiuing  from  the  pipe  rusnod  up  this  channel,  %ai 
was  discharged  at  B ;  but  as  it  entered  the  gutter,  the  current  dragged  is 
with  it  iho  contents  of  A  C,  until  the  surface  sunk  from  A  to  C.  r  ran 
this  experiment  it  is  obvious  that  land  on  a  low  level,  as  at  C,  might  ba 
drained  in  this  manner,  and  the  water  discharged  above,  ai  at  B,  wbare- 
ever  a  motive  current  could  be  obtained.  Vcnturi  applied  the  pinci|Jt 
with  sncccsd  to  some  marshy  land  belonging  lo  the  public. 

In  the  next  experiment  both  air  and  water  are  moved  by  the  oornaH, 
and  the  pressure  of  the  atmosphere  excited  to  raise  wntcr  as  in  ttip  i'>}>r 

ol  a  pump.    Tboo'l"'-'^- 
cal  tiilM*  K  (No.  SOI' 
cunnerttNl   to  a   rr— 
of  water,  I),    ibc 
aa  iK^fori-  baring  .Ti^ 
abiivc  ilsoritirx*.  The 
K  wu  IS  lines  in  dia: 
nnd  67  long.    A  glass 
A  B  was  connected 
upper  sur&cn  al  the  div 
tjince  of  eight  lines  from 
Itsjunclinn  with  ihervwr^ 
voir.      The   other  oml  of 
the  glass  tube  descended 
iato  a  vessel,  T,  containing  a  colored  liquid.    When  water  Buwed  ihrD 


^^. 


tn^^ 


uy 


Na.l9f. 


T 

rfouVD. 


i 


■  Flontinji  pnbulsnCRB  have  uRnti  Ixtnn  thrown  into  thr  lialf  8n«an)  in  MrcrUM 
direction-     Upwaid*  nf  iwsnijr  ye«r«  uo  we  nut  OTBiboord,  BWir  th»  Dank*,  s  cewi 

rin  bonle  carrriilly  rorkml  »ad  waUitl,  nnd  bivjiw  ti  Isw  ioolM*  cfrH  htitaitm  tierf 
nrck  Tbv  botilc  riinUiuml  a  Ivitersdilmsed  toB  jcsiittomiin  in  Uin^un,  tuid  m 
open  note  in  En^lith  nnd  PiisBch.  rei)ue«tinf  thn  lindar  ta  pal  Uir  imwr  i»im  Hm  oawaM 
pofl-otSlu,  American  or  Kuropoiu.  sorf  nUo  s  niemarsikdoat  of  Uxt  citciinwtaaM^  ^t* 
and  phce  of  iu  dbwoirry  Pr««wlr  dftvi-n  monilui  frotn  the  dajt  Uir  boliU  wu  cbi» 
miUnl  tn  itic  ile«)i.  Hie  Intin  wan  dclivoriKl  by  ths  poMmiin,  and  M(y>in|tiiiT>nl  widi  «•• 
ntlior  tinm  mii  Irnh  rWrKynun.  Th*  fngih  veMel  float«d  uifvl*  wlHin;  itrnr  Hlit*  U» 
IttiW  jiciiwon  Kiciiad  th«  auniiilwa  ur«  p«wanl.  whobrek*  Ui«  holU''  i.i 

wfiiit  ui  mnk*  uflh*  c*ni«iM»,' earrivd  th«  wkals  to  hw  prieM.     Thi- 
(orward«d  tko  UtLor  10  itsdertinauan,  and  wiois  snotlMreoainiiiinK  I  .ll 

nMUtlniK<l.    Uolh  l*ttetv.  wu  tM\l«<(«,  <Net« "WA b«Auft  Vivb %«nvA  KA«u;nM<|  Vi^ ^^k  ^fmr 
ihmaa  to  wbam  itwij  wair  tAAimt»*A. 


M 
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Vaamm  frrodtiad  by  Uqaid  ntrratfi. 
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it  droraaJ  die  sir  u  tbu  muulh  of  tho  gUn  tube  witli  it,  the  rcmatniiig 
dihtei£  utd  fmmlt^  iliu  wbuk-  wu  carried  out  with  tb«  l-IHuchi  water, 
otl  thu  culoreii  liquid  rueu  to  thv  huiglil  of  24  iiicbe*  iu  A  B.  Tb«  glus 
ubi.'  tnu  thuu  sburU'iiud  to  ubuut  32  incbe*,  wbeii  ibc  oontenlA  vf  T  rose 
ip  uid  were  dicchargvd  inim  K..  lii  another  experiineni  K  wujt  pl<u:v(l 
g  nearlv  a  pvr|H!niiit.-ular  poifitiun,  beiag  incUncd  a  bttlo  tliai  tlic  jci  niit>ht 
fallback  on  it»<ir,  but  (ho  lii^uid  ro«e  through  A  B  ai  befdro.  Tbu 
lul  of  A  B  wbirrv  it  joini-d  K  wnx,  llusb  wiili  the  iuterior  surface  of  tbu 
Ucr.  li^veral  «aiall  Imlus  wun>  iiiude  round  K;  ibe»e  diiniiiieb«d  tlie 
elucity  of  the  iMiiing  lurn-ut,  but  no  water  escaped  through  the  opening*. 
There  is  u  singular  f&cl  rt.*lutirig  to  the  dischoi^e  of  tiauida  froiu  diffen-nt 
hapvd  iijutu^i;» :  for  cxuiiifilo,  more  water  flows  ihrougn  a  ubort  lube  than 
firuugh  u  simple;  oriric*.*  of  rhc  isaniu  diameter.  A  circular  opening,  of  tJie 
lU  diiiiueUT  a»  the  bore  of  K.  in  tlie  liut  figure,  was  made  in  a  sheet  of 
io.  and  tlie  latiur  attached  to  a  ciateni  in  whiob  tbe  water  wa«  kept  at  a 
lonHtant  altitude  of  3S}  inches  :  now  while  four  cable  feet  of  water  eecaped 
lirough  ilie  opening  in  41  ftccondfl,  an  equal  quantity  paused  through  K  in 
1  s<^c;oI)d8 ;  and  when  the  length  of  K  waa  only  twice  iu  diamelsr,  the 
|uantity  dUcharged  was  Ktill  greater. 

But  tho  quantity  dischai^d  may  be  still  further  increased  if  the  end  of 
t  nPKt  the  reacrv'oir  be  made  to  a«utne  the  form  of  the  cmlracted  wi'w. 
rbix  term  i«  used  to  deeignaio  that  conrraciion  which  a  liquid  column  un- 
ifrgoes  whtrn  escaping  through  an  orilice,  or  when  entering  a  tuba.  Sup- 
an  aperture,  an  inch  in  diameter,  made  in  (he  bottom  of  n  bucket  or 
Idmn,  and  closed  by  a  plug.  Then  fill  tho  vetsoel  with  water,  and 
nnibdraw  the  plug.  Upon  examination  the  doscunding  column  will  be 
bund  cnnirarieil  or  tapered  for  a  ahnrt  dutunce  below  the  orifice,  viz, 
laifan  inch,  nr  half  the  diitmet^r  of  tJte  orilici;.  Thu  area  of  ibo  section 
if  the  smallest  or  most  contracted  part  will  be  lo  the  orifice  as  10  to  16 
Bccnrding  ut  Bowiut,  but  when  a  short  cylindrical  tube  watt  applied  to  die 
Itnfice,  he  found  the  contraction  as  10  to  13.3.  (Tho  same  tbtiig  occurs 
rhcther  tbe  opening  be  made  in  the  sido  or  bottom  of  a  vessel.)  Hence 
ly  enlarging  tne  end  of  K  next  the  reaervoir,  in  tbe  pro|>onion9  named, 
Lbc  controcuon  within  the  cybndrical  part  of  the  tube  would  he  avoided, 
d  the  discharge  consequently  iiicreasad. 


y 


K*.«OI. 
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By  flul^ftituting  for  K  a  compound  tttbe  nf  tlie  form  and   pronorttona 
(urpd  at  Ko.  20],  tho  quantity  diacbargrtd   has- been  ascertained   to  be 
ilurv  llian  doublfd,  being  to  thai  deliwred  by  tlie  drifici:  in  the  l!n  plate 
ba  84  to  IDf     A,  ilie  cixloni ;  B,  a  slntrt  conical  lulte  cuftnecting  the  cylin 
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Ditckargt  ^  Liquids  through  Cmicai  Ajuiaga.        [Bcaii ' 


drical  one  to  the  eonical  fnutrum  C  D.     Suppo«in{^  ihe  <lMiBfftiir< 
in  b«  unity  or  1,  tltit  of  D  ihoiild  he.  1.6,  ud  me  diBUaoB  batWMo 
9.     The  iiicr«fta<eil  dixrharge  ceiuea  when  the  eylmdrical  put  of  t^  ' 
B  C  is  of  coruidcnible  lengT}i,  &nd  of  ihe  nme  bore  at  Uia  HS^br 
of  C  D. 

A  Lube  of  the  form  repraaenicd  at  No.  20^  \vta  sppUed  hy  Voalni  k 
lb«  same  rcAcrvoir,  ilw>  depth  of  wat^r  in  which  was  also  k^pt  ll  iSl 
inchu.  Three  glus  tuWii,  ABC,  were  connected  to  the  uadcr  nde  d 
the  pipe,  and  iheir  lower  ends  intertad  into  a  vessel  contatniiig  tnereui^ 
When  water  flowed  through  tiie  jpipe  the  mercury  rose  S3  Uora  in  A  w 
in  B,  and  7  in  C.  These  quantiues  correspond  with  6:2  inches  of  wun 
IB  A,  24  inches  in  B.  and  8  in  ( '.  The  length  of  the  pipr  iihauld  oat  d- 
oeed  four  timee  the  diameter  nf  it«  amaller  end,  and  iu  sides  ahonld  oM 
diverge  from  eoeh  ocber  more  dian  what  is  roiiuired  to  Ibmi  an  angle  4 
from  three  to  four  degreoa.  By  this  pnndpio  h  will  bo  percDivt<dt  tiiM 
wratar  may  also  he  nuaed  frnm  a  tower  level  and  discharged  at  an  uppa 
one,  anil  in  many  situatinnait  might  douhUesa  he  adopted  witii  adn 
See  Nicholsnn'a  Journal,  vol.  ii,  and  Hachutte's  Traii^  Kli-mentain 
Machines. 

Diflerent  cauaea  have  been  asaigiiod  for  the  tncmued  diiehatig* 
liquids  through  conical  tubes.  One  ia  certainly  to  be  found  in  the  matern) 
ol  which  they  are  made ;  for  whan  formed  of  or  lined  with  any  suhstann 
that  repels  or  refuses  to  eoaloBCc  or  bi-  wuttud  with  the  ctUueni  warn,  y 
wax,  liUlow,  &C.  thu  edeot  eoaaae.  The  pbi'tiumcnon  tbervfiore  dopeidfr 
upon  the  attraction  and  adhcsloo  of  the  Uquid  to  the  sidna  nf  the  lah*^ 
which  sides  exert  a  capillary  lorct;  in  drawing  the  particles  of  the  Hcpai 
towards  thunit  so  as  not  only  to  prevent  its  assuming  the  Benre  of  the  em- 
tracleil  vein  whenenteiing  the  tubcNo.liOS,  but  also dnwing  the  partidet 
to  llie  diverging  sides  of  the  discharging  ajutace. 

A  knowledge  of  ttte  ii»eretiscd  discharae  of  liquids  frutD  comical  tuht» 
has  led  some  persons  to  uke  odvoiilagn  of  the  fact,  to  the  aemxi.  i:ijiiry 
of  others.  Vve  have  beard  of  the  purchaser  of  a  water  power,  whii  «■ 
cording  to  the  covenant  was  to  ooiin<y;t  hia  inill-rucc  with  the  <lam  hjr  a 
trutdt  ofn  certain  specified  bore  at  fJu:  jitncUvn.  This  he  did,  but  makutf 
the  sides  of  the  trunk  divcrfje  as  in  tj»e  last  figure,  the  pmprtrliiT  « 
the  dam  was  asTotindod  to  find  the  water,  as  if  moved  by  iiMtinct,  givtng 
the  ttcw  channel  the  preference,  and  unaccoimtably  persisting  m  rushing 
through  it  with  a  velocity  that  ihrcatened  to  dnun  toe  well  aupulied  rascr- 
voir,  and  leave  his  own  mill  to  take  its  resL  Thts  increaaed  diacharve  ii 
not  cou6iic<I  to  Lubes  of  a  cylindrical  or  conical  form.  The  walla  of  tho 
channel  may  be  atnight,  and  it«  aoction  may  be  a  aciuarc,  a  triangle,  fta. 
■a  well  as  a  circle. 

There  is  some  reason  for  beliering  that  overrenching  in  tlus  way  ts  not 
wholly  a  inodem  discovery.  No  city,  aneioot  or  modern,  wks  perhaps 
ever  sapplied  with  water  in  greater  profusion  than  old  Rome  ;  yet  ^r  coo- 
USDU  of  her  aqueducu  were  mctcd  out  with  uronomy,  and,  a>  lU  modcis 
ttmf«.  a  rt* venue  was  derived  from  the  sale  of  the  water.  Thr.  superiih 
tendency'  of  thoaquedacts  and  of  the  distribution  oftlie  liquid  ihmughthe 
strecn  and  houses  wore  always  intrusted  lo  a  citizen  of  rank  and  tueaia. 
The  celebrated  Frontiniu  helJ  the  ofHce  under  Nervn.  by  whrvtur  direetiaBS 
he  wrote  two  books  on  the  wau^r-works  of  Itomr,  the  times  <>t'  ibeir  cree- 
lion,  diatriots  of  the  city  stipptical  by  each,  the  niinidef  of  [nibltt-  and  pri- 
vate rnuniaim,  qnnntiiies  ol  wiitor  tfischnrged  from  diflen-nt  siiif^l  orifiees, 
Jkc.  From  him  we  learn  that  numurous  frauds  ^ure  prariiccd  in  ohtui 
fliore  than  the  assigned  t^uanui^  ot  line  \w^\&,  otw  ^  '^  tn^wriA  Vn 
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'eiiting  which  wm  this :  wlicu  a  pipe  for  tlio  supply  of  a  house  waa  lo  be 
lonnectcit  \o  tJic  nufti'Iliim  or  reservoir,  (which  n.'CoiveU  the  water  Trotn 
me  ofOm  aqticitucis)  a  tirast  ct4ix,  or  short  bent  IuIht,  (probably  thesanje 
.s  the  motirTit  anvs  which  conrturt  the  lateral  pipr>  to  the  maiti«)  wa«  de- 
ivtjred  by  tbv  oltict^r  in  charge  to  tht'  worliiin.*n,  to  ins«rl  into  the  castcltimi; 
Ind  It  wap  rnact<.-d  that  Oiu  burn  of  th<-  cyliniihcal  Ivaden  pipe  should  be 
hi  smtnv  as  that  ot'  tlw  calix  Tor  at  Icasl  jift^  Je€i  from  the  castcUum.  It 
a  therefore  prwtly  clear  that  lioinan  engineers  were  aware,  that  the  in- 
nmaaed  discuargv  through  enlarged  orificM  ctroses  when  a  considerable 
eoglh  of  pipe  ol'the  same  bora  as  tlie  caltx  inicrvcncd. 


CHAPTER     11. 


WMn>  TvmA  by  Romiili  nf  air — Fill  nf  th«  liaMiiMUr  itiarlai  •laruu — fluiricuiai  comgidin  M  iha 
^r«afil— IhHijtviloiiah]r  rtniiBi  aol  alvay*  by  iIm  iMpalM  of  Ik*  vInd—Vuuun  produoAd  by  Horn* 
wnd — Onn  iir  ctnaiHyK— Cumnu  o(  ■ind  id  hcMw     Fif  frsin  and  panbollc  janib*— Cijiot- 
■tib  ■  Av\  «r  p*p«r— Cip«ru*Bt<  i)lt>  currMla  of  ur  ihi«ufh  tubct  Tuieotly  eoancU4 
«f  Momi  ajuiiff*  to  Uinrtot  nbw— AppImmm  of  Uhm  rabw  w  Increi**  tlw  drafi  orcUaaaya 
I U  iiii»HiIm  *«IK  aDQOi  aad  atuT*. 

CuirenU  of  nu-  and  otti«r  elastic  fluids  may  br  employed  to  raiBe  water 
n  a  manner  dtfi^'ntnt  from  any  yrt  noticed  ;  !.  e.  nnt  l>y  any  modification 
pf  the  hiti^rnl  rommiiiiii:fttion  of  molii>ii,   nor  by  breaking  the   liquid   into 

linuie  partirlca  by  the  nintive  Biiiil  mixing  with  lhr-ni,  hut  by  ihf  rcmiTiW 

'  dimmulitm  nf  atm/tfpherk  prtuxurt.     Th<^  prinrifi!^'  to  which  we  allude 
to  be  found  more  or   le^N  active  in  iiiitnrf^,  and  illtntlmLtons  of  it  an>  not 

ifntcjuent  in  common  lite,  iilthnui^h  for  want  nf  reHcciion  th^y  are  selilom 
k^ticed  aiw}  are  not  always  iinderstoml. 

*  Meteoralogista  have  lone;  obiwrved  that  stornis  of  wind  are  accompanied 
■rtth  a  dirninution  of  th«  air'a  preiwHr«,  and  tKal  t)ie  descent  of  the  mercu- 
pal  Kolumn  in  the  barometer  keep*  pure  generally  with  the  violence  of 
^hff  tempeM:  thus  in  hurricanes  the  depreHsion  is  much  more  thuii  during 
ordinary  f^les,  while  in  the  vortex  of  a  tornorlo  or  a  whirlwind  it  is 
fcxceiuive. 

fMme  persons  are  apt  to  corui'ider  wtnda  as  proceodinpf  directly _//¥mi  the 
power  that  generates  them,  as  a  stream  of  water  proceeds  from  a  fire* 
en^ne  or  one  of  air  from  a  belinws,  whereas  they  as  oflen  rush  toufordt 
lite  source  that  gives  them  birth;  and  hence  it  is  that  hnrricanes,  some- 
times  if  not  always,  commence  at  the  leeward.  Should  any  mystery  ap* 
pear  in  this  it  is  eaitily  explained  : — if  a  person  blow  ihroufi^i  a  tube,  the 
Eilast  proceeds  (rom  him ;  if  he  suck  air  throu|i;h  it,  the  current  is  directed 
■to  him :  whi-n  we  close  a  pair  of  Jiellows,  wind  issues  from  the  noxr.ie ;  if 
they  are  opniwit  while  the  valve  in  the  lower  board  is  shut,  it  rushes  back 
tliroueh  the  same  diannel :  so  it  is  with  currents  in  the  atmosphere.  A 
partial  v<Md  is  formed  in  the  upper  regioBft,  pcrVifc^s  V>>j  e\ft0.r\t\\.-*j ,  \(»j 
ihaxige*  of  tempentatv  or  humidity,  by  rfcreUcUon  ot  o\\i«t  t*.\iw»,  »"W. 
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iniiuntl^  fjceans  of  tbo  Suid  nuCtor  aroand  nub  to  rMtwv  tho  vquil 
tlien  (ti«  romovsl  of  tbeve  ocetm  n«ce«sxnl^  indncvs  oUt9r»  to  mo*« 
tv  lake  tbuir  pliice,  snd  in  thia  wa^  vsriniw  stratA  of  ihv  atmiMpber*^ 
milei  and  hundmda  of  miW,  nri;  |iut  in  ntotinn  lo-wards  tint  place  «b 
ifal!  cau!«e  of  ihvir  movemvnts  i»  located,  mid  in  n  Vfmy  not  unlikv  tW 
which  simatne  of  air  nnter  a  [lerson'a  moucK  while  h«  sucks  an  vmptjr  tubi; 
or  a  bellows  during  l^i"?  ^ct  of  niM^uing  iIk-iii.  J 

Whcu  the  luwvnii^  sk  v  and  nitting  cluud*  announco  the  appruacfa  ofj 
violent  Etorm,  and  wViun,  like  a  demun  brok«  loose,  it  destroys  in  its  fi^ 
□early  ervry  tiling  in  iu  (rack,  we  commonly  suppose  tb«  mischinf  is  i 
hy  the  dir«ct  isnpulwe  of  tlm  hlont^thitt  t^ritalt^d  itiiJ  gronninc^  forestSa  I 
prostrated,  walls  mul  fcncea  iKvelcd,  titiildinir*  uVrlurtind  anJ  otbcn 
roofvd,  &c.  aw  th«  result*  of  a  iKnipttst  swevpnij;  th««e  objects  befiir* 
SOmowhaC  as  wa  bhtw  duiiE  Sec.  front  a  table  nr  from  thn  cov*}t  or  edge* 
s  book.  Bui  this,  ihniigh  sometimes  the  case,  is  not  always  so;  for  if  I 
w^ore,  almost  every  object  blown  down  by  the  M-ind  would  ba  found  lyiN 
in  the  dirw;iion  of  tke  Mast,  whereas  tliey  are  fpeijuendy  disc<»venid  in  l" 
oppoftit**  on«>.  The  effectji  enumerated  are  somrtimes  caused  by  wi 
biowint^  over  a  ilintrict  of  country  williout  coming  in  contact  with  the  i 
or  tliu  obji^cLi  upon  il,  but  merely  sweeping  at  sume  dittanoo  abor*  ' 
at  otiier  times  mmilar  results  are  met  with  ni  the  extreme  edge  of  aa(Br% 
and  «von  beyond  it.  In  these  cases  a  partial  vacuum  pmiluoed  by  tW 
aerial  currents  oflen  works  all  the  miscnief,  althtiugh  it  may  be.  u  n  &^ 
(juently  is,  but  of  momentary  duration.  Close  buililmgs  have  boen  bisWh 
turieously  destniyed  by  the  expanxtou  of  the  air  vntJt%n  thrm,  \ht\r  wtU| 
bning  thrown  tmtwtirds,  nnd  tlieir  rcMifs  nrojectei]  aloft.  The  tumado  \n 
which  the  city  of  Natchez  wan  reoenlly  ile»troyed  fumished  striking  prw* 
of  this  rcuiovuJ  of  atmospheric  prDssuns,  and  of  fearful  damages  occaaaoad 
by  die  void.  The  aloura  and  windows  uf  one  or  iwo  houses  loft  1*'"Pt^ 
amid  die  general  wreck  happened  to  be  open,  and  thus  furaished  ■▼eWM 
for  ilie  diluted  air  to  escape.  In  kmiio  housus  the  leeward  gable  nrfi 
were  pushed  ouu  and  t)i«  windward  onc«  itood ;  in  othvrB,  the  leewttd 
waUs  remained  starijing  while  those  to  the  windward  ware  thrown  sol- 
wards  in  the  fsce  of  the  storm.  Both  gable  L-nds  wore  burst  out  in  wam», 
•od  of  others  the  sudden  expansion  ofUia  air  raised  ibe  roofs  fur  a  pv- 

T,  aad  left  more  or  lesaof  itic  walls  standing.' 
ersDtia  whose  ideas  of  a  vacuum  aru  insepamblT  associated  wilhar' 
tight  vessels,  would  hardly  suppose  diat  any  llnn^  sppruachitif  to  OM 
ooutd  be  formed  in  the  open  regions  above  and  abuui  us ;  yet  every  IwMih 
of  wind — the  gentle  sephyr  as  well  as  tbe  furious  Iufn[icsl — destron  tit 
equilibrium  of  the  otr'a  pressure,  and  cviiisetjUL-iiily  prodaccs  a  pertal  void; 
and  il  will  be  seen  in  this  and  the  following  chspter  that  a  racuym  aiy 
be  produced  and  iniiiiiuiTied  in  ojwt  lultet.  Ii  should  however  )>«  ki'ptoi 
mind,  thst  an  aitoiatt  vacuity  is  not  found  in  nature  nor  to  be  rTtitained  by 
art!  tbe  slightest  rarefaction  and  the  beat  n.-sults  of  tlie  best  air-pump  are 
but  degrees  in  tbe  range  of  a  scaJe,  of  whose  limiu  we  know  but  Uttla. 
A  few  more  familiar  illustrations  of  tbe  removal  or  diminution  of  aOMe- 

Ctnc  pressure  by  currents  of  air  will  not  be  out  of  plaoe.  AihI  Rmt,  whe 
not,  while  sitting  by  a  winter's  tire,  wiineMed  Vta  coals  in  tbe  gm* 
brighten  suddenly  up,  and  heard  tbe  flamea  and  bealod  «ir  roer  id  tk> 
chimney  as  if  urged  for  a  few  nKHBeot*  by  soioe  ■■▼iaiblo  bellows-bloirsri 
— phenoroem  attributed,  we  believe,  in  the  day*  of  wiicbcrBft,  to  elves  aid 

*  9e«  in  iatef*»tine  Kconnl  o(lh)su>TliiK&<i>t)Qt.'tMiV(i').i:A^iOiA«auw>4aklaittnsl 
aftbt  ftanklin  tniumta  foi  liuw.lSV) 
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Jsirifs,  those  minvLievouii  imps  who,  in  their  wayward  monds,  nnntff(1inr-« 
uniJeri<M>k  '<>  Lil'iw  liie  firps  lu  well  ss  lo  sw<?f[i  and  sand  iHe  florr-i  ol't)i« 
lnii3»(.*«  thoy  visited,  and  who,  by  rfiRJr  screams  of  dRiipht  on  leaving  ihcif 
'wurk,  WL'nj  supposed  lo  produce  the  hnllow  suunds  in  the  flae  tu  they 
■iartfd  up  wjoin  their  comrades  in  the  tcmpcat  without!  It  noed  hardly 
h*i  uiwt-rvfd  that  it  is  guais  oi'  wmd,  swcppin^  in  particular  diri-clion»  over 
tlic  top!  nC  chirnneye,  and  then-hy  cnniiing  n  partial  vseunm  wiihin  ihftn. 
jhat  thu4  powFrlully  increases  th^  drat\.  But  it  ia  not  nftcotnry  lo  Imve 
in  titc  ^nte,  for  ihe  etTect  may  he  noticed  in  parlors  dtirtng  the  Htimmer 
iths,  wh<>n  ihosw  li^rht  and  omamcma]  paper  aprons  with  which  Indies 
eovor  the  fronu  of  their  grates  arc  oflen  thus  drawn  into  the  flues,  and  be- 
coma  disfigured  and  spoiled. 

Other  examples  may  be  derived  from  the  movements  of  interior  doors, 
blinds  and  curtains  of  windows.  &«.  While  we  are  writing,  ihe  front 
door  of  our  dwelling  is  opened,  which  aflorda  a  clear  passage  from  the 
Mnret  to  ■  garden  in  the  rear.  The  door  of  the  room  we  occupy  opens 
Ulto  ibe  pasaajfe,  through  which  a  flaw  of  wind  ha«  jost  pasn:*],  and  in  a 
twinkling  ihe.  hlinda  swing  from  the  windnwe,  and  the  door  issilanimdl  to 
lU  frame,  by  the  air  in  the  rnom  rumhing  to  join  the  paining  currt- m,  or  to 
fin  the  alight  vacttuni  protluced  by  iL  An  open  fire-place  creaieM  n  dniil 
up  the  chimney,  which  a«ta  as  a  pump  to  draw  cold  air  inui  the  r(M>m; 
hence  the  compliunt,  not  at  all  uncommon,  of  being  roasted  in  front  while 
iacing  the  fire,  and  at  the  same  time  experiencing  the  unmitigated  rigora 
of  winter  behind.  (In  such  cases  the  comlmstion  should  be  supported  by 
»ir  drawn  from  witiiout  by  a  pipe  terminatidg  beneath  the  frrate — a  device 
potented  in  motlem  days,  ihnugh  it  was  known  two  ecntunea  ago,  and  is 
dc»crtl)ed  by  M.  Ganger  in  hta  treatise  on  "  Kircs  Improved,"  a  work 
translated  by  Desaguliera  in  17 15*)  The  motii>n  of  every  object  in  nature 
produces  currents  of  air,  and  in  every  possible  direction — ihe  movement 
of  tlie  baud  in  writing  or  sewing — the  trembling  of  a  leaf  or  of  an  earth- 
quake— t)ie  llight  of  an  eagle  or  of  an  insect — the  ball  whizzing  from  a 
Cftuoon'a  mouth,  the  creeping  of  a  snail,  or  a  wasp  using  her  forceps. 

Artifictal  illastrntions  might  be  quoted  without  end.  Lay  two  books  of 
the  same  sixe,  or  two  pieces  of  boar<l,  six  or  eight  inches  apart  upon  a 
table,  and  place  n  sheet  of  paper  over  ihom;  then  olow  between  the  booka, 
whI  the  paper,  instead  of  being  dtsphiced  by  the  blast,  will  be  pressed 
down  to  the  table  by  the  atmosphere  above  it,  and  with  a  force  propor- 
B(»wd  to  Uie  inioneity  of  (he  blast.  Instead  of  the  mouth  next  use  a  pair 
of  bellows,  by  insertifig  the  nozzle  under  one  edge  of  the  paper,  and  the 
efleci  will  still  be  the  same.  The  stream  of  wind  m«v  awn  he  directed 
injy  against  the  under  aide  of  the  paper,  which  nntwtihstanding  will  re- 
in Its  place  and  be  pressed  down  as  before.  Suapund  (be  books  or  fix 
tiiein  to  the  under  side  of  a  Cable,  then  hold  on  tbu  pa]iur  (ill  the  blast  ia 
ppplied,  when  the  sheet  will  be  sustained  against  gravity.  Fold  the  paper 
IniP  a  lube  and  blow  through  it  with  the  mouth,  or  with  bellows'—in  both 
eases  it  will  be  collapsed.  From  (his  experiment  we  learn  that  the  Ibrt-n 
which  Ruids  exert  against  the  sides  of  pipes  that  cunlain  them,  is  greatly 
diminished  when  they  pass  rapidly  through.  We  have  known  a  >tiiiau 
leak  in  the  pipe  tliat  supplied  steam  to  a  high-prtnuure  t^ngine,  cease  to 
pvo  DUE  irapor .every  time  the  communication  was  opened  to  the  cylinder 


'  Panbolinal  jninbs  "  {also  paiaouil)  ar  li*d»  of^raies  Ibr  refleciin^  Trom  their  pe- 
rt Nirface*  tb«  heat  into  dw  raam,  >r«  dmeribcd  m  the  Bans  iiiurMUnf  lints  woA. 
:  |M(«  HO  Doi^alier*  *p«ska  of  bettawt  inrflatcd  sad  paMatad  by  Cipum  Sivery — 
'hi*  (hat  io  oa  wliera  ebs  iMsnttmed  thai  v*s  are  aware  of. 
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— ibe  panioles  of  tho  fluid  lh«n  tieing  humitd  doog  wttli  «  voloettr  | 
grCAl  CO  allow  mny  orthem  U>  cbftn^  lm<ir  ilirrrriioo  bi  ■•fcnpo  st  the  li 
Tlic  following  ftbstraxrt  nf  rxpnriiiKinU  ntadr  li v  ua  in  ISiH — ^■''    '■■  ■' 
Ir&K  ibe  nune  principle,  may  int(tr««t  aonw  rrailet*  :^To  " 
oxtODt  lo  which  aUnoiptn'ric  [intwurf  wm  nsmuvpj  from  uniirr     ^^ 
of  p«p«r.  we  b«nt  m  imsll  gla»s  IuIm  iit  Hglit  ant;li*4,  atii]  plccinjz  ^H 
una«r  ihc  paper  let  it  reit  tm  ihe  tsltU*.  wliita  Uie  otbor    I 
tumbler  containing  a  litil«  w«t«r.     THhii  (jiking  •  unuli    , 
and  directing  tbu  >>Ust  uver  iba  pijw,  tbe  water  nMw  from  miu  htJl  u. 
faurths  of  lui  incb.     Tbe  bouks  u|k)U  wbicb  tbe  abeui  laiil  wer«  tlii-ti  )>I* 
within  twu  incb<y<t  of  i»ach  utlM^r,  wbt^n  tbe  elTect  was  iiicr4>a9»J,  tbo  Im(i| 
rising  from  1  j  tu  3  inches.     We  n«xi  laiil  aside  the  paper  ajul   iiutle  D  _ 
of  two  tubes,  one  to  blow  througli  and  tbe  olber  la  meuura  [be  aaoeiil  of 
the  U(|tud. 


Mk 


B 


Ha,  aXL     Kd.  iU4. 


Ka.-;2U:..        .-».  iM.        .W-An.        AaMbu       A.^  .^.        ^.^  m> 


Two  Inaden  or  block  tin  tubes,  aCraight  and  poliAhed  in  ibf  ■■ 
united  at  right  nnglos.     Stie  No.  203.     A   C   tiie   blowing^  pr; 
long  and  balf-incb  Iwn*.      B  IS  incboB  long  and  ihree-e)::^ ' '~ 
upper  vnd  of  II  wiu  joined  iluHb  and  smooth  vb~ith  ibo  in'< 
three  incbi^ti  from  tbe  end  A.    Upon  B|^t^ing  die  mouth  lo  <_ 
in  tbu  dtrec'ioa  C  A,  indicated  by  the  arrow,  iusttiail  of  ibe  j£ 

ia  B,  part  of  thu  cuiruat  from  ibc  lun^  entured  that  tube  and  ■a.h,  f.ircnl 
dirougb  the  wiilur  iu  tbu  lumbbr.  Voriona  ptmions  nf  ibo  end  A  vcrr 
then  cut  oft*  witiiuut  cbangiug  the  reiialt,  until  half  an  incb  nnly  roroiiacil 
ID  front  of  tlie  Joint,  when  the  air  no  longi>r  deHci'uiied,  but  on  rare£u3ti« 
waa  produced  in  B.  Wlteii  both  tubes  wore  mudc  of  tbe  aamt  Awe,  fVX. 
of  the  blast  dcwendvd  in  B  until  tliu  wholo  of  A  iu  frunt  nf  ihc  j/iint  vm 
remored.  In  numerous  trials,  tl)0  watvr  in  the  Inwcr  end  of  B  wu  dv- 
preMad  more  or  less,  whether  the  blui  of  vrm^  titruugh  A  was  weak  or 
strong.  (From  these  expcritueuls  wc  discover  the  impmpriely  uf] 
cylindrical  tubes  on  chimney  utpi  ul  right  augl'-'S  tu  Iuq  draft, 
aatly  OD  locomotive  carriague,  as  was  nt  tirst  proposed.  In  tlie  Rf 
Encyclopedia,  vol.  xvii  p.  457,  a  carriuco  by  Trrdgold  ':-■  '  - 
a  li^re  of  it.  given  in  plate  511.  The  chimney  is  rcprpfn 
honxoniid  tube  attached  fore  aad  aft  lo  tho  tup,  us  in  No. 
"lo  OMMf  tlie  draft"  by  the  pasaage  of  t)io  air  or  wind  ■ 
experiments  olrave  show  that  tlio  rvversc  woul' 

A»  p«rt  of  the  air  in  ^asn'n^  tktmi%li  A.  in  .'' 
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idea  occarred  that  if  the  janction  of  B  Mrere  made  to  form  «n  aaite 
ngl"  wilii  the  longpr  pnrt  of  A,  then  the  whole  of  the  Kerial  current  mig^t 
rw»ihly  pa»9  oat  hI  A,  since  to  enter  B  it  would  have  very  nearly  to 
rrtrtr  its  dirvciion.  The  dence  figwred  at  No.  iJ04  was  made  totefi  this, 
I'he  part  of  A  in  front  of  the  joint  was  1^  inchci  long,  which  from  several 
xperinienta  we  thought  produced  the  best  effect,  when  A  waa  half  an 
urn  in  th«  bore— i.  e.  the  length  of  this  part  of  the  blowing  tube  was  thre« 
imei  its  diameter.)  Upon  tna)  part  of  the  current  passed  into  B  and  es- 
ped  through  the  liquid,  as  in  the  preceding  experinicnt ;  and  even  when 
was  turned  up  in  a  vertical  direction  before  entering  the  water,  the  aatae 
fi«ot  took  place. 

Various  modes  of  uniting  the  pipes  with  the  view  of  preventing  the 
lUst  from  entering  thr  vnrlical  one  wcro  now  tried,  and  to  ascertain  the 
(ftwtjf  produced  a  gla**  tube,  thro*"  feet  long  and  threc^ighihs  of  an  inch 
>re,  wus  atlacbtKl  to  t)ip  vertical  or  cxhnustmg  tuliv  of  earh.  In  No.  <J05 
portion  of  U  prutrudt^d  into  A,  so  as  U)  form  a  partition  or  nartiaj  cover 
I  ihc  orifice.  Lfpon  blowinj;  through  A  (in  tho  diroction  of  iho  arrow) 
lia  water  sprung  up  U  lu  tliv  height  of  13  inchue,  and  in  subseuunnt  iriala 
nuned  from  10  to  iO  mchea,  according  to  iht;  Bircogth  of  the  blasL  By 
lonni-cling  the  u^»»»  lube  to  the  blowing  end  uf  A  und  then  blowing 
;h  B.  Oio  Tiuuid  rose  fnnn  8  to  10  inches ;  tlie  dilUirencv  no  doubt 
eatutcd  by  loo  currvut  of  ur  bnving  bad  greaior  faciUuos  in  ona 
than  iu  the  uth«r. 
We  DCKt  united  two  tubes  at  right  angles,  but  instead  of  making  the 
ml  flush  within  as  No.  S03,  the  upp^f  end  of  B  wa«  cut  obliquely,  as 
to  form  a  mitrvd  or  elbow  joint.  This  end  was  inserted  into  lqo  under 
ido  of  A,  as  repreitcoied  at  No.  206,  tiie  open  pan  of  B  I'licing  A.  The 
bjeet  of  iKiii  device'  was  lo  ascertain  whether  tiie  convex  part  of  tho  ver< 
~  nibo  within  A  would  be  lufEcieni  to  divert  the  blast  from  entering  B, 
it  twepi  over  the  upj>er  edge  and  passed  round  each  side.  Pn-viuus 
tjog  the  lower  end  of  B  with  the  gloss  tube  we  insenud  it  in 
'.  and  upon  blowing  smartly  through  A,  the  liquid  rose  (10  inchtre) 
was  expelled  ^^'illl  tW  air,  Uirmin^  a  dense  shower.  The  glass  tubu 
then  anached,  (by  a  slip  of  Imiia  rubber)  and  upon  blowing  again  the 
rose,  on  different  trials,  from  tirmtff  to  ihtrty  tnchet.  The  tube  A 
balf-inch  bore,  aud  B  three-eighths.  Vortous  experiments  were  made 
determine  the  best  length  of  that  part  of  A  in  advance  of  the  joint :  the 
lult  was  generally  in  &vor  of  the  extent  already  mentioned. 
The  end  of  B  cat  obliquely,  as  in  the  preceding  f*xporimcnt,  was  now 
asened  into  A  at  an  oruic  angle.  See  No.  207.  The  ascent  of  the  liquid 
sevpral  trials  varied  fntm  20  to  28  inches.  A  mudcratu  puff  raised  it 
4  inches,  hut  a  strong  eflbrt  of  the  lungs  was  rcquirvd  to  elevate  it  over 
wo  feet.  When  the  glass  tube  was  connected  to  A.  as  iu  No.  308.  and  a 
4ast  directed  through  B,  the  highest  range  of  the  liquid  was  nine  inches. 
The  tubes  were  next  united  as  in  No.  '209;  that  is,  the  axis  of  tho 
of  B  which  enterttd  A  coincided  with  that  of  the  latter,  thus  leaving 
wuiulor  space  nne-eighth  of  an  inch  wide  fur  the  passage  of  the  blaxt. 
'bo  effect  ot  this  did  not  diifi-r  su  much  from  No.  209  us  was  expected, 
'he  rise  varied  from  20  to  30  inches:  and  not  more  ihuii  half  the  former 
□ant  was  produced  hyn: versing  the  tulxis,  as  in  No. 310.  The  anntdar 
asBoge  for  ine  blast  in  No.  209  was  too  small,  the  current  was  pioobed  IB 
assing,  and  its  volocity  eonseuuently  dimiiiiKhed.  In  another  tube  in 
hich  tfan  space  was  enlarg«d,  tlie  wattn-  rose  six  inches  higher. 
**'b  next  endravon.'d  to  aKUrtnin  tJio  effects  of  varying  tne  form  of  the 
ifluuj^ing  ends  nf  tbu  blowing  tubes,  either  by  odaptiag  oddxtiowkV  o'dr.^ 
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of  a  upcring  form  to  ihem,  or  by  MJarging  th»  enji 

oumlH-r  of  pxjwriinei.18,  iho  following   will   be  suffi 

purpose.     In  iwuof  the  lube*  (N«a.2llaiid  212)  ihe  cxbanBll»'.'  niTv  rtJ 

not  protradv  into  the  blowing  on«  :  in  No.  213  it  did.     Aj  it  r 

keep  up  a  strtjtitj  blaal  from  the  longa  through  a  pip«  to  large  ; 

uhilfan  iDcli.  No.  BlI  wm  made  of  fjuarter-inoh  tubing,  and  No  XU 
five-9txU'cntli..  The  blowing  tube  of  No.  213  was  »evon-»iEieorUhf,i 
lh«  esliausimg  otw  three- iii X lee Dths,  and  all  were  made  of  l«ad.  Bcftihi 
tbe  mbi?»ju»(  named  we  prepared  a  doiuii  conical  ones,  oinn  tncb««  loc^ 
Uh  »m«ll  t-nd*  oue..]uari«r  inch  boro,  and  the  large  ones  varj.'ing  (ran 
thfwe-fourtha  to  2^  inches.  They  wore  made  of  tin  platp.  tho  Mtanu  *m 
Iwped,  and  nu  particular  care  was  taken  in  their  formation.  From  o» 
taoran*  triali  with  them  in  a  varifrly  of  waye,  wo  obtained  tho  hiwt  main 
with  two,  one  of  which  waa  1 J  inches  ai  ihe  large  end,  and  tba  othwr  M«i» 
eightH*.  But  of  ihc*e  the  latwr,  marked  C  in  the  cat,  gonenUljr  caujwl  6t 
watttr  to  rise  highcat  in  the  exhauating  lube. 

The  dijichargingend  of  No.  211   extended   Ij   inob***   from   tba  ;oiflt 
and  die  oppoaito  end  2^  inchtra.      When  Uowa 
through  in  the  direction  of  tbe  arrow,  partcf 
the  current  descended  tbruugb  tbe  waUr,  bat 
when  the  conical  pipe  C  woa  bt^ld  cltw^  toiba 
discharging  end  tbu  liquid  rosv  in  the  verticil 
pipe  9  J  inches.    A  uuauter  of  an  inch  was  anX 
cut  oS*  the  discbarginj,'  end  and   C   again  •> 
plied,  when  the  water  ruae  12  incbos,     Tm 
end  was  next  remereil  out   wiih   ibv  taperril 
prong  of  a  file,  when  tbe  water  ro«e  [wttbMt 
C)  II  inches.     Anutlicr  portino  was  oexi  eat 
ofT.  leaving  only  half  an  incb  in  ftataof  tlM 
jnint,  and  the  end  awellod  out  la  be£m,«paa 
which  tlie  rise  was  7}  inches;  biu  whm  C 
was  applied  iho  wau-r  rose  17}  lochea. 
In  all  tbe  trials  with  C  it  was  neccisary,  in  order  to  obtain  the  baM 
results,  that  iu  axis  sbnuld  coincide  w*ith  that  of  the  blowing  tobe;  oiiat- 
wise  tbe  current  of  air  is  deflected  in  its  passage.     Tbe  Imgtb  of  ibi 
blowing  end  of  the  tube  should  Iw  no  more  than  what  is  uocvMvy  tagira 
a  atrai^t  direction  to  the  current.     If  longer  tbuii  this,   tht  rslcMUiy  aoil 
strengu  of  the  bUi.it  is  unnecessarily  dimitiished  by  friction  knuut  tba 
prolonged  sides.     Tbe  blowing  tube  should  also  be  straight  UM  unooik 
wiibin  :  for  tbe  energy  of  the  blast  is  less  ditninishod  in  passing  ibroacb  a 
straight  tban  through  a  crooked  channel — tbroagh  a  smootblv  polotml 
tube  than  through  one  whose  interior  is  marked  with  aepcriiies.    MortKmr, 
dints  or  bruiiiva  in  a  pipe  produce  counter  currcuu,  anu  nmterially  dtmuwh 
the  ascent  uf  Lho  li<juiJ.     In  small  tubes,  llio  end  received  into  tbe  oioadi 
might  be  eulurj^ud  or  cut  ohli(|ueIy  to  facililale  the  entrance  of  tho  air; 
for  if  the  Quid  be  retarded  in  its  entrance,  part  of  tbe  furru  exortcd  by  tbi 
lungs  is  usetessly  expended.    It  is  iramaiortal  in  what  puaiiioD  the  blowing 
tube  is  used. 

lu  No.  212  the  blowing  tube  wosjointedtothe  exbausiiogone  at  an 
ofZOO,  The  part  in  advance  of  thujnmtu'as  1 J  inches.  Upon  triaL  tbe  lij 
rose  aerea  inches.  Tbe  tuba  D  was  applied,  (iu  small  tad  heing  snla 
to  five-fix  tee  nilig)  aiid  the  water  rttse  nine  inches.  TIte  tuba  was 
swelled  oui  by  the  prong  of  a  file  ttntil  iu  orifice  was  Mveu-sixtMntbscif 
■n  inch,  when  the  rue  waa  ID^XncVoa.  O  •««»  \Vi«:i\  <«^^Uc<l.  \u  nod  ca- 
tering' tho  other,  and  tbe  water  («•«  \^  *w»^w».    Vt^cVwiiii  v.  -iivk  XT«dk\k 
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hmA  beenmc  f lightly  bruised  in  (Im  middle  of  its  leugUi  bv  a  fall:  the 
braiM«ii  wen*  tukeri  out,  and  liie  water  rusw  84  in<;hee.  Vant>us  portioits 
wen:  cut  frum  iii«  lar^  end  of  D,  bul  no  diminmiun  of  the  rise  gccurred 
while  3^  inclH>s  reniuiiMfd,  and  this  length  IVotn  wivvra]  trials  gave  b«tter 
resulu  tJmn  when  tht;  liibv  was  mtulf  Khi>rtt<r. 

In  No.  213,  llie  <)i»dinrgtng  end  <il'  the  blowing  tiibw  was  IJ  inches  loug. 
Without  Kay  ■ddiuunnl  tulw,  the  watur  ru*e  16  iiicb««.  The  end  waa 
■welled  out,  and  the  liiguid  n***-.  19  inuhtta.  D  wm  applied,  and  it  rose 
£9  iocliea.  C  was  then  Iried,  which  iiiaile  the  litjiitd  a«cend  3J  inches. 
The  di»chai^;ing  e»d  wa«  reiluced  in  Wngth  from  an  inch  and  a  half  to 
hair  an  inch,  and  the  elevation  of  the  liquid  wax  diminiahed,  buLh  with  and 
without  the  addidotial  lubes  C  aiid  D. 

Two  other  lubes  connected  like  No.  !J13  were  also  lrie<l.  Frtnu  slight 
TarLationa  in  the  ditoea&ioit*  of  tlie  pasit«}^  way  over  the  end  of  tli«  ex* 
hausting  lube,  the  results  varied.  Without  the  additional  Utbe  C,  ooe 
nu««d  the  water  only  «c\-eti  inches,  while  with  C  the  rise  was  17  inches. 
The  other  alone  raised  the  liquid  14  inches,  and  with  C  2tlJ  inches. 

1l  haj  been  seen  from  preceding  expi^rirocnts,  thst  when  two  lubes  of 
the  same  bore  are  united,  ss  in  Nos.  203,  2(i\  and  SI  1,  pari  of  the  current 
from  the  mouth  will  descend  the  vertical  one,  if  hut  half  an  inch  or  even 
Ie«s  of  live  discharging  end  project  bcyoi\d  the  joint.  To  ascertain  at  what 
<Katanne  from  ihe  joint  ibis  descent  of  ihti  current  could  be  counteracted 
hy  additional  nibev,  we  connected  two  pieces  of  leaden  pipe  (A  and  B) 
five-sixteenths  of  an  iiKh  bore  to  each  other,  as  in  rhe  figure.     A  was  15 

,5  _^ ^^  inches  long;  B  four  inches, 

and  joined  ro  the  other  three 
ittches  from  the  blowing 
end,  thus  leaving  IS  inches 
in  front  of  the  joint.  The 
lower  end  of  R  dipped  not 
more  thnn  one-tenth  of  an 
inch  in  water.  A  tapered  pipe,  C,  whow  wide  end  was  Ij  incbea  and 
the  small  one  five-sixtcentha  wmj*  sltHrliird  txt  A,  and  upon  blowing  through 
A,  part  of  the  bU»l  descended  throiif^h  R.  Small  poriioiit  were  then  suc- 
eessirefy  cut  off  the  diiicbarging  end  of  A,  until  the  air  ceased  to  descend 
in  B.  Wlion  nine  inches  remained  in  front  of  the  joint,  but  a  sotiiafy 
bubble  or  two  escaped  through  the  water,  and  aficr  another  inch  was  re- 
moved, leaving  eight  inches  in  front,  the  whole  current  from  the  lungs 
passed  through  A.  The  conical  tul»e  was  nine  inches  long,  and  after  the 
last  result  it  wna  di"ndod  at  D.  four  incbea  from  the  end.  Upon  removing 
t}ie  part  thus  cut  off,  air  again,  deaeeitdal-  through  B. 

From  this  experiment  we  see  that  the  inllucnc«  of  sneh  tcrminatio&s  as 
C  to  cylindrical  air  tubes,  extends  lo  a  distanoe  equal  to  S5  times  the  tube'a 
diameter.  It  is  however  modified  by  the  velocity  of  the  motive  CHrrcnI. 
When  high  steam  is  ujod  instcud  of  nir,  the  disinnce  is  greatly  dimiinshed, 
and  in  some  cases  annihilated.  A  smoky  chimnoy,  or  one  with  a  feeble 
draiU  tnay  bo  cured  by  enlarging  its  uppt^r  pan  like  the  additional  tiil>e  C 
in  the  last  figure.  The  reason  why  an  equal  amount  of  rise  in  tho  exhaust- 
ing tube  is  not  produced  by  additional  ones  to  such  devices  as  No.  213, 
onscs  no  doubt  from  the  projection  of  the  exhausting  lube  inu>  die  blowing 
one,  which  prevents  the  olast  from  sweeping  directly  into  the  conical  one 
9niJUli»g  ino  latter,  a  condition  necessary  to  the  increased  ascetiL 

Some  applications  of  the  principle  illusirnted  bv  ihe  preceding  experi- 
ments may  r>e  noticed: — 1.  In  aiphnna  for  dcH:antmg  corroding  or  other 
ijqaida — wr  which  see  remarks  on  these  inUiumeou  \Tk  «.  v^EHRnfwnft. 
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eimyier.    S.  Inerenaing'  the  draft  of  chimneys,  as  veil  u  prevenibi|r  tWn 
from  smoking.     Instead  oC  the  alA  tVshianea  caps  of  r\ay  or  th«  movetUt 

(tnci  nf  iron,  let  ilkBin  be  roade  in  the  fbnn«f 
ih«  onnaxed  figure,  uid  either  of  ftben  inn  tr 
cunpcr.  A  soon  fipo  should  be  fixnJ  afiil* 
chimney,  and  over  it  an  ouusr  nne  {jbMn  m 
the  cui)  ici  rurn  freely,  butu  rlnnr  ■ipriMiMi 
without  touching,  ihiit  the  borixontal  ou  to 
which  the  tatter  u  BltAchwl  may  reer  fOMd 
with  the  vriad.  The  vnne  V  k«iepA  the  oM*- 
eito  end  A  to  the  wind,  which  enUrs  at  nit- 
catod  by  tiiu  itmighi  arrow,  and  in  paauf 
through  ii"Titrriin"rrlhn|rrrjr[riirn  nnif  rami 
a  vacuum  io  the  chimney,  ax  in  like  hlowiiif 
[ubus  tiln-4idy  described. 
A  device  of  thid  kiuJ  might  hu  niiute  to  act  in  windy  waaiber  ai  a  part 

Gtaal  bellowa  to  hlost  ur  rufining  luniiicus.  and  also  to  thoM  of  steaS' 
Ota  and  locomotivo  curriag<^#.  When  used  on  chimnuya  of  tba  taiUr,  a 
contrivance  to  turn  and  ki-e|)  liiu  blo\^  ing  tulie  lore  and  aft.  aa  the  carriage  t» 
turned,  would  be  required.  The  joint  whurv  the  perpendicular  tub*  msva 
over  the  fixed  one  might  aUo  be  made  uir-tight  by  an  amalgam,  on  dit 
principle  of  the  water  lute.  From  the  experimenu  with  ihc  tabM  Noa. 
206,  '7,  'a,  '9.  '10  and  '13,  u  follow*  that  if  the  u^te  Meam  of  ■  Iocoim- 
tivQ  carriage  were  discharged  over  the  mouth  of  the  chimney  aa  aboifV, 
instead  of  up  ita  centre,  tho  resulting  vacuum  would  be  greater. 

It  IS  worth  while  to  try  whether  wclU.  mines,  and  the  holds  of 
cuulJ  not  be  more  speediW  and  effectualiy  ventilated  by  a  Bimilar  d. 
than  by  the  common  wind  Mils  used  in  the  latter.     These  Hisplaca 
noxious  vapora  by  mixing  fresh  air  with  them,  but  by  the  propowd 
the  foul  air  might  \yp.  drawn  up  alone,  while  the  nimnsphore  woald  cai 
■  Btaady  and  coptnna  aLip;>ly  lo  airetim  in  at  every  avenue. 

If  two  or  throe  exhausting  iiihea,  of  metal  or  of  may  other  suitable 
tvrial,  (whose  diameter  for  a  ahip  of  the  largest  elaas  tieed    not  exosad 
three  or  four  inrhcn)  were  permanently  secured  in  a  voasel,  their  low 
ends  terminating  in  or  communicating  with  those   parts  irkere  •i-"noui- 
effluvia  chiefly  accumulates,  and  the  upper  ends  loading  to  any  <       '^^^~ 
part  of  the  deck,  sides  or  stern,  so  that  the  blim-iDu  part  could  ^ 

slipped  tight  into  or  over  them,  the  interior  might  be  almost  aa  well  toft- 
tiiated,  even  when  die  hatches  were  all  down,  a»  the  apartnuints  of  ■■ 
ordinary  dwelling.  It  appears  to  us  moreover,  ttiai  a  ves«cl  might  by  tluis 
moans  Be  always  kept  charged  with  fresh  and  pure  air;  for  thvappantu 
might  be  in  operation  at  all  times,  day  aud  night,  actiug  aa  a  pwyetual 
pump  in  drawing  off  the  miosmaui.  The  only  aiietition  m^uirM  would 
oe,  to  secure  the  blowing  tube  in  iu  proper  position  with  rvgard  to  tht 
wind  during  storms.  In  ordinary  weather  its  moveraeuts  mi^  be  ntga- 
laied  by  a  vane,  as  in  the  figure,  whou  it  would  require  tio  atiantion  what- 
•var.  The  uppur  side  of  the  blowing  pun  of  the  tube  should  be  cut  paitls 
awny  at  the  end,  so  as  to  facilitate  the  aotrwice  of  deiceiHlitig  current!  fli 
wind.     See  tho  above  figure. 
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CHAPTER    III. 


JTaMaH  Iqr  cwrvnii  «f  ■»■•«— Vmimm  »o4m  of  kpptjriat  IImw  Ik  HcwtBf  nkM— Gsp«rin«M^ 
t  of  cMltal  ^stftfi*— AcmIu  af  •U|^I  cbuig«  la  llw  paaibis  of  rtcaiiH  tobn  viihia  Uo>lag 
-DmIiI*  MowiMf  IhW— EsfMriBMU  «M  K— Ruodf  viMr  br  (omnu  ot  Mnib— VaoUlujon  of 
liliiiii     ruiiiiiMMiiil  apfiamM  ftir  nacaamiiiif  Avpi  in  ncua— Dnswg  all  Uiroufh  liigillib  wpnt- 


As  tbe  tUrooat  rareftctiDi)  which  evt  be  produced  witJ)  hiawing  T(ib«^ 
by  the  limn  ta  exc4>«dingly  limited,  we  next  endeavored  louceniin  hnw 
Gu  it  eould  be  corriud  vnih  currcnfai  of  ifMjn.  Thi!!  flaid  prenenis  several 
tulvanrnge*.  By  it  a  UDifarm  bliut  c«n  )>e  obuiined  and  kept  up,' ami  its 
iotetuily  eun  bo  increased  or  diminished  at  pleasure  :  lience  experinienta 
wiib  ir  can  ite  continued,  repealed  or  varied,  tit)  (he  results  i^an  hn  rviied 
on.  As  it  is  ineouveuiciit  lo  meusure  higli  degrees  of  rarefaction  by  eol- 
umns  of  water,  mercary  was  employed  for  that  purpose;  and  as  tl>e 
blowing  tubes  tee.  if  made  of  letad  or  block  tin  would  liave  become  tinfc 
and  beut  by  (lie  heat,  they  vferv  all  made  of  copper,  while  the  additiunnl 
or  conieaJ  tulica  (f^ciwnilly)  were  of  cast  brass,  and  smoothly  bored,  A 
detail  of  all  or  even  half  the  expcrimenM  made  would  posficss  tio  interest 
to  eenernj  readers,  and  %rould  bo  out  of  place  hero ;  we  iherefore  merely 
notice  such  as  gave  the  best  resulia.  The  force  of  ibc  highest  sicam  used 
Wu  euual  lo  a  pressure  of  90  pounds  oti  thu  inch.  It  was  measured  by 
the  hydrostatic  saTely-valve  duKribed  in  the  Journal  of  the  Ftmnkliu  Insti- 
taCe,  *ul.  X  id  series,  page  2. 

While  eny^gcd  in  ilie  prosecution  of  thia  aubjcct,  we  suppoacd  that  ear* 
rvuts  nf  steam  had  never  Men  omployed  to  produce  a  vacuum  ;  but  il  will 
be  aeen  towards  tlie  cloae  of  the  chapter,  that  we  were  Bnticipatod  by  a 
French  gentleman,  though  lo  wiiat  extent  we  are  yet  uuinrornied.  We 
wre  not  aware  of  tbe  faci  until  all  die  following  experiments  hod  been 
tnalurod,  and  most  of  them  repeatedly  perforraeaT  The  circumstance  aA 
lixds  afkolber  example  of  thoM:  coincidences  of  mental  and  mechanical 
effort  and  resource  with  which  ihe  history  of  the  arts  ia  and  always  uil] 
W  crowded.  The  shoemakers' awl  wim  fnrmerly  straight,  liul  is  now  Aeiif  .■ 
t^W•  aulhurof  the  improvement  wajs  mipptim^  to  have-  Wvi^  in  oimpai-qtively 
modern  times  ;  Viut  recent  rest-arclnjs  among  the  inoiiumenls  of  Kgypt 
hkvv  proved,  that  tbe  arlisls  who  made  shoes  and  wrought  in  lenlher  under 
tbe  Pharsoiis  nsed  awls  identical  in  shnpi>  with  the  modern  ones. 

The  expendiuira  of  high  steam  through  open  hlowing  tiiliea  like  those 
•d  in  Nos.  SOS  and  S04  would  obviously  l>e  enormous,  since  there  U 
ling  in  tlwm  to  prevent  iu  paxsing  freely  ihrough.  They  are  not  thena- 
fore  so  well  calculated  for  pra<-licHl  operations  ns  thoae  in  which  the  end 
of  ibe  exhausting  pipe  projects  into  the  blowing  one  and  contracts  the 
nHfign  (w  the  vapor,  as  in  Nus.  205—210.  These  are  alao  belter  on 
anoOier  account — they  produce  a  betlwr  vacuum.  Economy  in  the  em> 
plovmeiit  of  sieam  ix  of  the  finl  impiirtancH ;  hence  it  wa>  desimble  to 
determine  if  possible  that  particular  construction  of  the  apuaratua  by  which 
the  highest  degree  of  rarefaciinn  may  be  obtained  with  lh«  least  expendi* 
iur«  lit*  vapor.  Kurtunaiely  for  the  solution  of  [h:«  problem,  lliere  ts  one 
form  of  the  apparatus  in  which  both  ai-e  emiMnntly  ouaibined^  iVir  whitn 
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tA  increafle  ot  die  sieun's  eUsttcily  increued  the  vacuum,  u)  uictvumI 
ducliarge  ul'  die  vspor  wu  ofteo  found  to  diminuli  it.   ThU  wu  frFamrntl; 
thfl  cue  whuu  high  ueam  was  eraployed  :  for  axanipU),  if  die  cock.  v\T<i\^\ 
which  Btetm  paawd  into  the  blowing  luha  mmrked  C  in  No.  217  vn-  ■■■ 
Open,  tbo  inctxur^  would  someiimes  tall  two  or  dir«tj  incbas,  ))at  >> 
partjally  dosed,  would  instmndy  rise ;  thus  indicutine  that  it  \»  the  v>-!>' 
and  not  die  volume  of  vapor  passing  over  the  ori&ce  of  the  aiLbtyUng 
pipe,  upon  which  the  vacuum  oepenaa. 


L 


/.  \ 


■ 


oi 
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^ 
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"We  firrt  passed  atoam  through  tul>a«  connected  Uko  No.  213,  hoA* 
•ad  without  th^  conical  ajutaf)^!!  C  D  in  Nos.  211  and  212.  VariotMl 
portions  of  the  dieam  pa^aaf^over  thR  orilicesof  die  racuom  or  exbaualii 
pipe*  were  aliio  employed,  as  at  A,  B,  C,  D,  E,  No.  216,  which  rr| 
sent  horizontal  sections  of  the  vacuum  pipe  and  uleam  passage  ovvr 
orifice.  The  dark  partfl  show  the  passai^  for  (be  »tenm,  and  dw  ina 
circle  the  mouth  of  the  vacuum  tube.  In  A  die  steam  cliAnnel  did 
extend  over  onn-fourth  of  the  cin^um Terence  of  the  oriRc:e  ^  in  B  it  i 
Tienrly  half  way  round  ;  in  C  thneiNfonrtlin ;  while  in  I)  and  E  it  oxtendMl 
entirely  round.  Upon  trial,  the  vacuum  produced  hy  U  was  grealerl 
diat  by  A;  C  surpassed  6,  and  D  uniformly  exceeded  them  all. 
there&re  finally  a^ranJ^[t^d  the  apjiaratns  as  shown  at  No.  217,  in  which, 
is  s  lirass  tulie  compound  of  two  conical  fnislums  united  at  their 
ends.  The  longer  part.  A,  wajt  nmoolhly  bnnrd  and  (Niliithcil  in  thr  dirrC- 
tion  of  its  len^h,  to  remtive  any  minute  ridges  left  liy  (hr  ltDr«r.  Th* 
infrior  diameter  of  thi?  Iar|^  end  was  an  inch  and  an  eighth,  and  of  the 
■multenl  part  nine  lee  n-fortinttis,  (rather  less  than  hall'  an  inch.)  Thv  ex- 
ternal diameter  of  the  vacuum  pipe  B  was  •evonlocn-rorli^'lhs,  iwi  thai  llw 
annular  space  left  round  it  for  the  steam  was  only  one-fortieth  of  an  inch 
in  width,  being  about  as  small  n  apace  as  could  well  be  formed  wilhnot 
(do  pip"*  B  tonching;  A.  TVic  \pt\^\>  o?  N.  ^ii«w  \V\e  «JwAT*rt»d  ^«Ft  was 
6§  IMUM.      A  glMs  tube  1>\T««  ?«w\.V«n%,  W^msftXa-w^T  «tA  ■«»&  ^mm^ '\h 
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ft  r«anl  ol'  quickstlv-cr,  wns  attached  to  B,  and  a  scale  to  meuura  the 
ucynt  ofllic  fucrcuri&l  colutiiii. 

When  ihtt  pressure  of  tbo  sie&m  in  the  boiler  wu  equal  to  30  pnundi 
on  iliv  inch  L-xclusive  of  abnosphurK  pressure,  and  ihu  steam  cock  C 
nponvd,  [lUv  tiulc  in  tu  plug  was  fivv-slxiceDUia  of  an  iucb  in  diameter} 
tho  ijiercury  rose  9  inches  in  the  vacuum  tube  B.  When  the  Bteam  vm 
at  40  iHiunue,  the  morcurj  rose  15J  inches.  Al  50  potindfi  it  reached  over 
18  iM:|ie«.  at  60  pounda  over  19  mchcs,  and  at  70  pounds  21  inches.  At 
SO  pounds  it  wtu  onlv  21  inchos,  hut  on  partinll^'  ciuaing  the  cock  it  apning 
up  to  22  indies.  When  the  sleain  was  at  90  pounds  on  the  inch,  iho  mer- 
cury fell  tu  20  inches,  but  uti  turning  liic  plug  of  C  it  roM  to  22  incboa, 
Tliesc  experimonu  were  rupoaLed  sovcrol  times  and  on  dificront  occaaiona 
without  luKterially  altering  the  results. 

The  ofTuct  of  additional  tubes  inserted  into  the  open  end  of  A  was  next 
obiurvcd.  Ten  or  twelve  of  these  w»re  niadeof  tin  piste,  and  of  diS*erent 
lengths  and  taper.  The  small  ends  of  all  were  luilf  lui  inch  in  diameter, 
ana  mode  very  thin,  so  as  to  slide  into  A  nearly  up  to  the  contracted  part, 
and  at  the  same  time  to  present  the  least  projection  possible  to  the  issuing 
cutTcnt,  The  effect  of  three  of  these  tnbea.  two  ot  which  gnvc  the  best 
rexiilts.  are  stated  in  the  following  tabic.  The  tulic  Xo.  1  was  14  inchea 
long,  and  its  wide  end  I^  inches  across.  Xo.  2  was  27  inchea  long,  and  If 
tB  diameter  at  its  mouth.  No.  3  wu  live  feet  long,  atul  tu  mouth  or  wide 
end  2|  inches  in  diameter. 
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In  adjusting  an  additional  tube  it  waa  moved  till  ita  axis  coincided  whh 
that  nf  A.  This  was  ascertained  hy  the  mercnry,  which  oscillated  with 
every  moveraeui  of  the  tube,  Iml  always  rose  when  il  was  in  the  position 
indiratnd.  On  one  (iccii*ii>n,  when  Oie  mercury  stooi^  at  16  inches,  the 
additiimiil  tube  No,  1  waa  slipped  into  A  and  iho  ntcrcury  fell  to  \'i  inchcsj 
bat  tliis  was  caosed  by  puahing  the  lulie  in  loo  far,  i.  e.  till  it  touched  the 
vacuum  pipe — for  on  withdrawing  it  and  swelling  oat  the  end  a  little,  the 
mercury  rose  to  17  iuchea  on  the  tube  being  reinserted.  A  small  addition 
was  made  to  the  M-ide  end  of  No.  1,  sn  that  it  flared  nut  like  a  trumpst : 
on  trying  it,  the  mercury  stood  two  inches  lowor  than  before. 

The  tall  of  ibe  mercury  when  t)ie  steam  waa  raised  to  90  pounds,  was 
quite  uneKpcctcd.  It  was  at  first  Biipp«>M)d  to  have  been  caused  fay  a. 
wmiig  nnsiuon  of  the  additinnal  luhe.  and  then  lo  tiome  small  object  loilged 
by  the  •team  between  the  vacuum  and  thf  blowing  pipffs;  but  on  exami- 
nation fiodiiiji?  (.r  tile  kiml  was  found.  .As  ihp  mercury  atill  refused  lo  rise. 
we  tried  unmlicr  npprtratits  similar  in  all  re-*pectsto  No.  217.  except  Iming 
of  ntther  hirgcr  ilirnrnsions ;  bm  the  tame  ihin^  orrurred.  When  the 
steam  wii5  ni  no  |>(>i.)ids  thr*  mercury  stood  at  ?<}  inches — at  50  pounds  17 
tiichr-* — At  (iO  pmiiidi  20  lorbe^ — »t  70  pounds  22  inr.hei — nt  ^  pounds 
23^  tnclkA* — uitd  lit  UO  pounds  SO  tnohesl     Several  eKf^timentA  m««ii«>1 
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to  iwlieata  that  tlw  length  ami  uper  of  the  a4ldition«]  tubet  iKoulil  nry 
with  the  force  of  tlie  steam,  htm)  that  the  annular  pasaage  for  the  rapar 
should  lie  contracted  as  the  elaAic  force  of  the  Btemn  waa  increajed. 

CifttKrirical  pipes  applied  to  the  mouth  of  A,  or  to  tho«e  of  the  *i& 
lionsJ  tubes,  cniised  ilia  mercury  to  fall ;  bat  any  plane  object  held  aniM 
the  current  issuing  from  A,  did  not  aiFect  ilie  vacuum.  A  piece  of  boari 
was  gi-aduallv  brought  to  within  ome-fourth  of  a*  tMcK  of  the  end  nf  A,  anj 
of  course  deflected  the  steam  at  riffbt  angles ;  vet  the  vacuum  was  ool  is 
the  least  diminished  until  the  hoard  was  pnshea  siiU  nearer.  By  applying 
the  large  endn  of  the  additional  tubes  to  A  the  vacuum  wae  diminunra. 

The  noise  made  by  the  steam  issuing  iVom  A  is  indicative  of  the  tiatd 
of  tlta  vacuum.  If  it  be  loud  and  sonomus,  the  vacuum  is  not  nearaohieh 
as  when  the  sound  is  less  and  kiuing.  In  the  former  caae  there  \*  gtnanSty 
too  much  steam  escaping — the  cock  should  be  partially  closed. 

Nn.  218  is  a  vertical  and  a  borieontal  section  of  the  device  by  meaweT 
which  the  vacuum  tube  was  retained  in  a  position  either  eccentric  ormif 
eentric  with  the  blowing  one,  and  by  which  it  could  be  drawn  to  one  side 
la  as  to  touch  the  narrowest  part  of  the  latter.  Three  fine  serewa  wiiK 
blum  etiiU  wore  tapped  ui  equal  distances  from  each  other  into  soBJ  pm- 
jeccions  cast  on  A,  1(  inches  below  the  contracted  part.  By  these,  the 
exaet  poaition  of  the  vacuum  tuba  which  gavo  the  best  reenh  waa  aoca- 
rately  ascertained  ;  and  it  was  remarkable  how  small  a  change  in  its  p 
Cion  aiTectud  tho  mercurial  column.  A  few  examples  are  aflnexi>i)  .-- 
The  steam  in  the  boiler  beine  low,  and  the  mercury  standing  at  ^  inc 
only,  the  vacuum  tube  was  drawn  by  the  screws  to  as  barely  to  tooch  .  _ 
and  install Uy  the  mercury  fell  to  2  inches.  2.  When  the  pipes  were  etear' 
of  each,  and  the  mercury  19}  inches  high,  as  8oon  as  they  touched  it  fell 
to  16  inchesL  Similar  results  took  place  whatever  mifrht  be  the  force 
the  steam.  3.  The  mercun-  fell  also  when  the  axis  of  both  tubes  did  i 
quite  coincide,  although  a  clear  passage  sdll  remained  (at  tho  •irnm. 
Btinwn  at  G,  No.  i;i6.  In  this  cose,  as  in  the  others,  tho  neater  tlow 
vapor  on  one  side  probably  creotctl  cross  currenu  in  A,  after  puwing  C 
contracted  part.  On  one  occasion,  the  mercury  sdddenly  fell  several  inchi 
while  tho  pipes  were  conconinc  with  each  other.  Upon  exarainitlion ' 
ivas  found  to  be  owing  to  a  minute  piece  of  grit,  or  a  film  of  lead,  bin 
by  the  steam  between  the  two  pipes,  where  it  was  wedged  in.  It  did  i 
exceed  one-aixtocnth  of  on  inch  in  any  direction.  It  produced  the 
effect  as  when  the  pipes  touched.  Upon  removing  it,  the  steam  ru«e 
before. 

Another  point  necessary  to  be  attended  to  \m  the  position  of  the  orif 
of  tho  vacuum  pipe  with  respect  to  the  narrowest  part  of  tho  blowinr  01 
i.  e.  whether  in  a  line  with  it,  or  in  advance,  or  behind  it,  as  figured  at . 
B  C   Ko.  219.     To  test  the  effect  of  them'  various  portions,  ue  vaemttt' 
pipe  was  so  arranged  by  a  screw  cut  on  it,  as  to  be  pushed   in  or  drawn 
Imck  At  pleasure.     In  one  experiment,  the   mercury  stood   at  81   inches 
when  they  were  on  a  line,  as  at  A.     The  vacuum  tube  was  push«^  (on 
wud  three-sixteenths  of  an  inch  without  any  chang«^  in  the  vacuum  ;   b|~ 
when  the  pipe  protruded  three -eighths,  as  at    B,  the  mercury  frll  to 
inches.     It  was  then  drawn  behind  the  contracted  part  of  A,  and  the  tt 
curv  instantly  began  to  fall.     When  the  orifice  u-as  one-fourth  of  an  it: 
behmd,  the  mercury  fell  from  SI  inchea  to  4  ;  and  when  drawn  back  on 
eighth  of  an  inch  more,  as  at  C,  the  steam  descended  the  vacuum  lubui 
blew  the  mercury  out  of  the  vessel  that  contained  it.     In  another  MZpel 
ment.  the  vacuum  lube  was  one-to»irCh  nS  an \ti^It»  w  *&*«««  ^  tW  «o1 
iTvcled  part,  and  the  mercury  1^  \ocV«ft  VwjV*.  -wV^Xi  AwvAw  «««  \Tvwa. 
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kick  ta  ih*i  iu  eod  wm  iii  k  Hoe  witli  Ui(^  contraeled  part,  tbe  mercury 
TtttM  hair  AH  mcd.  Wlien  drawn  back  oner-eigfadi  of  au  ioeb,  it  fell  to 
174  incliPA. 

That  port  of  the  racunm  tub«  within  the  »tcam  chamber,  or  back  end 
of  A,  ahnuld  be  atraiehl,  and  itji  axU  abould  coincide  an  nearly  aa  pntatUo 
with  thai  nf  A,  «lae  Ute  vapor  in  pavoing  over  the  orifkce  will  be  morv  or 
leM  deflected  to  one  aide,  and  thus  dimimidi  llie  vacuum. 

Allbougb  lite  l>lo%ving  tii)ie  H^utikI  at  No.  217  has  it*  moulb  opening 
apwards,  in  pntriice  we  uned  it  in  a  hnrixontal  position,  an  at  No.  21^,  or 
rather  mctine>l  downM  anla,  aj  at  Nu.  221,  that  the  coadenaed  va|>ur  might 
not  fall  back  and  enler  (he  vncuuni  lulw. 

No.  2S0  ropreseiits  anoUier  moOitiiatJon  of  this  tDodfl  of  nemnviiig  at- 
oiotjilit^ric  prHMure,  by  which  the  vacuum  may  be  uarried  to 
a  greater  extent  than  with  No.  S17.  It  conaitta  of  two  blowr. 
inff  tubei  attached  to  one  vacuum  pipe.  The  lower  blowing 
tube  in  its  narrowest  part  was  aer  en- twentieth  a  of  an  inch  in 
diameter,  and  ibe  umular  paaMge  for  the  fteam  between  it 
a/id  the  racuuRi  pipe  was  only  one-fiftieth  of  an  inch  in  width. 
The  bore  of  Uie  steam  cock  and  pipe  C  was  three-tenths  of  an 
inch-  The  upper  end  of  the  lower  blowing  lube  was  half  an 
Inch  in  diameter,  and  terminated  at  the  contracted  part  of  a 
larger  oi>e,  D,  where  a  space  of  one-thirtieth  of  an  inch  was 
left  for  the  steam  between  them.  D  was  six  inches  lonff,  and 
its  upper  end  an  inch  in  diameter.  It  was  also  furnished  wnth 
steam  by  the  pipe  and  cock  E.  (Both  blowing  lubes  in 
the  accompanying  illustration  are  figured  too  large  for  the 
exhausting  one.) 

When  tliis  device  was  tried,  the  safety-ralve  of  the  boiler 

indicated  a  pressure  of  40  pounds  on  the  inch.     The  cock  E 

was  fint  opened,  and  as  the  steam  rushed  from  D  tbe  mercury 

rose  8  inches.     £  was  then  closed  and  C  opened,  upon  which 

the  mercury  rose  8.8  inches.     Bolh  cocks  were  then  opened, 

and  the  mercury  rf>se  16.6  inches. 

When  the  steam  was  at  GO  pounds  and  E  opened,  the  mercurial  column 

was  9  inches.     With  E  closed  and   C   opened   it   rose    15  inches.      Both 

cocks  were  next  opened,  and  the  height  was  increased  to  SO  inrhos. 

Stesin  at  SO  pounds  and  E  open,  tne  mercury  stood  at  17..^  inches.  C 
opeu  and  E  shut,  it  rrtso  Ui  21  mches ;  luid  when  both  were  opened,  it 
reachi^  to  2-1^  inches.  The  addition  of  another  blowing  lube  over  D 
would  most  likely  have  carried  it  to  the  full  height  of  llie  oaromcter.  If 
D  were  inserted  in  a  chimney  in  the  direction  of  the  flue,  it  would  not 
oulv  incrvoso  the  drufi.  but  the  dmft  would  invreajiL'  t)ie  vacuum. 

The  stcnni  pipe  thai  supplied  U  was  tbun  unscrewed  fVom  the  cock  E, 
which  Was  tuU  open.  The  cock  C  was  Kgaia  opened,  and  (he  mercury 
roae  as  befun.*  to  21  inches,  the  air  rushing  tliruugh  E  pr'tducing  no  ofi'ect 
on  the  column  except  ruodering  its  euri'aco  slightly  concave.  By  often 
closing  and  opuntng  iho  oriBcc  of  E  with  tlie  Riigor,  no  aeniiblo  change  in 
thq  vacuum  could  be  perceived. 

After  runioving  ihu  vcsm?!  of  mercury  from  the  bottom  of  the  vacuum 
pipff,  •  piece  of  twine  sorural  yards  in  length  which  happened  to  be  laying; 
on  tlio  g^round  near  \rf,  was  dniwti  into  the  tube  and  discharged  ihroutfh 
D,  This  was  repi>ati.-d  soveml  liinua.  By  presenting  one  end  oeu  ttia 
end  uf  the  glom  tube,  thu  whole  waa  almost  instsnianeoaaly  drawn  up  and 
ibrown  out  by  the  sicuni,  altlir»ugh  tiie  vacuum  tube  was  continued  in  a 
hDnsonul  position  Dearly  two  feet  before  it  was  connected  to  the  glua 


IfeWi 


4ft« 


Raitag  IVo/n-  £y  CurrenU  o^  Steam. 


(Book 


one.     On  applying  a  vnael  o(  »and,  aihl  utothciT  of  waur,  U  the  «xl  of 
Lbu  tubn,  the  coiitunu  of  both  w«re  ruAcd  and  Jiacharged  in  the  **aip  wi  ~ 

TtiK  VKCuum  tube  of  No.  2S0  was  connected  to  a  MHJa  fuunibin.  lunli 
vpenin^  0110-81 X tec ntk  of  an  inch  diam<5tcr  made  in  the  latter  tu  admit  a 
Thtt  mercury  previous  to  niakine  this  opening  aiood  at   16  incbca,  and 
ftill  reiiiuned  at  that  height.     Tb«  ojXMiing  was  D«xt  wklenod   to 
sighth  of  «Q  inch,  when  the  mercury  full  to  13  inches.     The  opeoing 
then  made  as  Urge  as  the  borc  of  the  vacuum  tube,  (about  five-cixtemillM) 
upon  which  the  mercury  fell  to  six  iB«b<?*. 

It  is  obvious  that  by  connecting  one  of  these  blowing  inatrumenlJ  to  ta 
air-tight  vessel,  water  may  be  raised  into  the  latter  by  ibe  aimospherr,  aul 
to  an  elevation  corresponding  with  the  vacuum.  In  one  of  our  varliot 
experiments,  we  atinctied  a  blowing  tube  to  a  tfoda  fountain  placed  S3  fett 
above  tho  surface  of  the  water  in  a  well,  into  vrhioh  a  ptue  Joscended  fran 
the  upjH.T  part  of  the  fountain.  But  by  arranging  a  aertea  of  cliMe  veuwii 
at  certain  distaaces  above  each  other,  (according  to  lhecxtt>niuf  the  vacu- 
um obtained  by  the  apparatus)  wutcr  may  be  raised  in  this  manner  to  aajr 
elevation— tlie  preit^uro  of  chi^!  atmosphere  truriflfurriog  it  from  one  raMel 
to  «Dotbor  till  it  arrive  at  thei>lace  of  dischargo.  as  in  Papto's  plan,  ds- 
•crib»d  at  page  447--6.  An  E[ig)i«h  pau-nt  was  granted  to  1839  for  at 
clubonttc  French  machine  of  this  kind.  See  Civil  Engineer  and  Archttc 
Journal,  vol.  iii,  page  51.  In  December  1640,  an  American  patent 
obtained  for  the  same  thing  by  a  French  merchant  of  ib'u  city.  This  ]_ 
lleman  ha«  hod  one  constructed  from  drawings  sent  from  Paris.  The 
ceiving  vessels  were  IS  feet  aparL  The  mode  of  applying  l)ie  tt«am  i 
to  discharge  it  at  the  oriBco  of  the  vacuum  pipe,  over  a  amaU  part  of  d 
periphery,  as  nl  A  No.  216.  The  stoam  however  doeii  notcmne  in  contAct 
with  tlie  sideAof  the  vacuum  tube,  as  in  the  preceding  6gur8a  No.  217  in 
SSO,  for  ibis  lube  doe«  nut  form  one  of  the  walls  uf  the  somB  steam  cbwa- 
ber  behind  its  orifice-^the  chsmber  being  a  separate  part  complete  tn  _ 
and  having  a  semicircular  recess  formed  at  one  (ide,  into  which  lbs 
cuum  pipe  is  received.     There  is  therefore,  between  the  nUeriorj^ 

vacuum  tube  and  ihe  steam  witliout.  not  only  the  thicktieca  of  the       

which  that  tube  is  fabricated,  but  alio  the  thicknew  of  the  plate  of  wlli 
the  steam  chamber  is  made.     Floats  are  arranged  in  the   uttenor  of  r' 
receiving  vessels,  so  iha)  when  one  of  the  latter  is  filled  with  water  fr 
the  one  below,   the   float  opens  a  valve  to  admit  the  attaosphon!  to 
the  contents  into  the  vessel  next  above  iL 

There  is  another  mode  of  rmaiiig  water  to  considerable  ctevatiDna  by  I 
apparatus  like  Nos.  S17  and  220.  snd  for  which  they  seem  much  beilar 
adapted  than  any  other,  vix.  by  admitting  poruons  of  air  to  mis  with  tha 
ascending  liquid,  as  in  the  examples  given  at  pp.  224.  S22.  No  air-iighc 
receiver  would  then  be  required,  as  both  the  oir  and  water  would  be  o»- 
cbarged  with  the  steam  at  the  open  end  of  iJie  bluwing  tube,  which,  for 
the  reason  already  stated,  should  he  inclinud  downw«rds. 

Wherever  Urge  volumes  of  air  ore  rciiuircd  to  bo  withdrawn,  aa  CD  the 
ventilation  of  mines,  tltese  iusirtiineuu  we  bvlicvu  would  l>e  found  aa  cA- 
cient  and  economical  as  iiny  device  yet  tried.  A  number  of  vacaom  ubaa, 
whose  lower  ends  were  made  to  terminate  in  diflbront  para  of  a  cnitte — 
^they  might  be  of  leather  or  other  Hvxible  materials,  so  aa  readily  to 
tooved  wlierever  retguired)— and  whose  upper  ones  were  canoeeBMl 
one  or  more  blowing  tubes  throU|;h  which  currenis  of  eymm  wnm 
•tjiiitly  piissing,  would  efTeclually  withdraw  the  ooxioua  vapor*  from 
and  induce  a  more  oopkins  lup^l^  oC  Cr«»K  sac  titusn  «n^  forcing  ^^  ~ 
coaid  ever  fdrmsh.     The  waatu  «u:wn  of  «ui^vr«  w.  c(m&.  (m  tv&uwt 
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LIDifht  be  beneRc'uJlf  applied  to  large  blowing  tube*,  and  tfaua  contribme 
||p  Uie  satno  reralL 

There  are  other  D»eful  appKcationa  of  Ht^ut  blowitig  instruments.    One 
I  nf  our  Rm  uttf^mpia  was  to  «tnplo/  tlwiii  as  substitutoa  for  the  expennve 

Kir-puiups  workoii  by  sleam-«nginoa,  pmploifed  in  evaporating  aimps  and 

refining  sugar  by  How»i-d'i  vacuum  plan. 
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Te  flttc<i  up  ft  very  •Lrong  old  still,  (No.  221)  three  feel  in  diameter  and 
about  die  miac  id  depdi.  A  jacket  of  copper  waa  fitted  to  its  lower  [lart 
•a  aji  to  form  a  double  bottom.  The  discharging  pipe  paaaed  through  tlie 
jackei)  and  was  cloaed  by  a  valve  V.  Steam  being  conveyed  into  the 
jacket  healed  the  li(|uid  within  the  ttUI,  but  inatead  of  taking  ati^am  from 
the  boiUtr  expressly  for  this  purpose,  we  made  use  of  that  by  which  the 
vacuum  waa  produced-  The  open  end  of  a  blowing  lube  was  inserted 
into  ibc  jacket  oa  represented  in  the  cut,  and  the  vacuum  tuKc  B  connected 
by  a  cock  to  the  neck  of  the  still.  C  the  steam  cock  and  pipe  loading  to 
the  boiler.  D  a  pipe  that  conveyed  the  surplus  steam  from  the  jacket 
into  the-  chimney.  The  oHHce  of  the  vacuum  pipe  within  Uic  blowing  one 
waa  tbree-eighios  of  an  inch  diameter,  and  die  annular  space  around  it  for 
the  postage  of  ifae  fteam  wna  the  same  as  in  No,  :il7.  Al  the  first  trial 
wUh  this  apparaiut,  25  gallons  of  sirup  were  put  into  the  »lill  through  the 
funm-l.  and  the  cock  that.  The  steam  cock  C  was  then  opened,  and  in  a 
few  nifimems  the  mercury  in  the  gauge  rose  15  inches,  but  tn  eight  minuiei 
fail  to  10  incbea,  ihe  full  being  occasioned  by  the  evolution  of  vapor  in  the 
■till.  The  steam  in  the  boiler  was  raised  higher,  until  the  mercury  rose 
to  16  inches;  but  aflcr  the  operation  had  been  continued  abual  half  an 
hour  it  commenced  rifiiig.  and  was  ai  18  inches  when  the  experiment  waa 
closed.  On  atHAlier  trtal  32  gallons  of  simp  were  poured  in,  and  when 
C  wai<  opened  the  murcury  rose  to  22  inches,  but  in  ten  minutes  fell  to  17. 
In  half  an  hour  it  begun  slowly  to  rise,  and  in  f)f\oen  minutes  reached  to 
20  inches,  at  which  height  it  remained  when  the  conccntratad  sirup  waa 
K'ilLd  rawo. 

Had  a  doublu  tube  liko  No.  220  been  used,  tfae  vacuum  might  probably 
ibavo  buvn  rarrird  to  2S  or  39  inches,  and  the  operation  perfurmad  inmocn 

limu.     The  cxperimuut  huwever  shows  how  small  a  lube  can  witb> 
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dnvi  llio  vapor  ari&lng'  from  b  eurinco  of  vvven  kiimtv  fmit  It  woaM 
an  iwlvuiitage  lo  apply  two  or  p«r)wpii  tbrvo  wtpiirslv  blowine  tubm. 
difltrrciiL  Sixes,  lo  eacn  susftr  dmi-— wntig  tbe  Isrgeyt  Grvt,  to  ilnw  ofT 
the  bulk  oflhe  vapor,  anJ  liniihitig  witii  the  smKllpr  unci.  Tbepp  wooid 
bu  II  Hiving  of  steam,  aaii  the  vacuum  might  bs  curivJ  liigbar  towtnk 
tho  close  ofsn  operation  unlh  a  v^r^  sm&U  tube  sod  currvnt. 

Another  mode  of  using  thvsv  tubus  to  promoto  ovaporatioD,  is  to  dnir 
«ir  iJirough  ]i<)uid8  instead  of  forcing  il  through  ihcm  with  pumps^  u  IB 
the  pneumatic  processes  of  concontrating  sirups.  An  opon  bailor,  (bw  Im 
in  diumeier,  was  iEivoried  and  placed  in  another  over  a  fire  anil  oootaumg 
sirup  :  a  blowing  tube,  the  orifice  of  whose  vacuum  pipe  was  thrM-Ebonkl 
of  an  inch  dJameier,  was  connected  to  the  iovtirtod  vossol,  and  it  drew  to 
much  air  under  the  edges  as  to  oool  the  Itquid  to  loch  •  degree  thai  the 
operation  of  concentration  was  prolonged  to  twice  tlte  ordinary  ume. 

While  engaged  in  making  tbe  vxperiments  dascribw)  in  this  chaptet,  (a 
1835)  and  stimulated  by  tlie  conviction  that  we  were  tbe  first  thus  to  Kpplj 
currents  of  steam  for  tite  purpoaea  of  raising  water  and  prumodng  ibi 
evaporation  of  litjiiids  at.  low  temponitures,  wc.  we  wen-  exc4^cdmgly  sur- 
prised to  learn  thaL  somotliing  of  the  kind  had  Iwen  previously  done,  or 
proposed  to  bo  dune,  in  Franco.  As  we  had  made  preparations  to  aeciirt 
tbe  invention  by  a  putunt  here,  and  by  otberi  in  Europu,  our  experimeiM 
were  discontinued  with  a  vii-w  to  aecertuin  tbe  particulars  of  ike  ¥nu>A 
plan,  tbat  it  might  be  known  whc-thor  wc  were  traveling  on  beatea  groand 
or  not ;  but  to  the  present  timu  w«  have  nt>t  al)tainod  any  sp«ci6o  OMorip- 
tjon  of  it,  nor  do  we  know  whethi'r  it  cmsistud  of  a  jet  ofsteam  dischargnd 
through  the  centre  of  a  tube,  as  in  No«.  11208.  210,  and  as  applied  to 
crease  the  draft  of  chimneys  in  locomotive  carriages,  or  whether  ihe 
waa  directed  over  the  outaidc  of  a  imrt  or  the  whole  of  the  end  of 
vacuum  tube — nor  have  we  learnt  wiiat  de^en  of  rarefiiouon  wdm  oI 
We  have  therefore  concluded  tn  insert  the  preceding  notice  of  oar  UbonJ 
tlmt  since  wc  cauaot  claim  priority  in  the  research,  we  may  he  allowed 
tbe  credit,  if  any  bu  due,  for  our  modes  of  application,  and  ihe  extent  is 
which  they  corned  tbe  vacuum  and  are  obviously  capable  of  eanying  i^ 
ospocially  by  such  dovicc-s  ua  No.  220. 

The  whole  of  ibu  devicus,  from  the  blowing  tubes  described  in  ths 
chapter  to  tlie  apparatus  for  boiling  sugar  ia  vamto  described  in  th~ 
Out  excopuon  of  the  patenied  pliLii  of  raising  water  by  a  serica  of 
on  tlifTcrent  levels,  originated  entirely  with  ounwlves,  nor  were  we 
deblod  oitber  directly  or  remotely  for  so  much  as  a  hint  in  maturing 
to  any  persons  or  wriliugs  whutevor:  and  upon  them  we  ham  also  men 
no  inc'oneiderablo  amount  both  of  lime  and  monev.  Bui  as  we  have  oil 
several  occasions  »hown  that  neie  devices,  so  callea,  are  ofum  tU  ttaea,  k 
is  but  juHl  tbat  wu  should  mete  lu  ourselves  the  same  inowiDre  wfaieh  we 
have  given  to  others.  We  therefore  witii  pleasure  nv^nrd  dtc  iact,  tboiai 
a  meeting  of  the  Paris  Academy  of  Art-i  and  Sdenocst  held  in  Jaouan, 
1S33,  M.  Pellatans  read  a  paper  on  the  dynamic  efTecta  of  a  jet  of  ■tean, 
of  which  Q  notice  (not  a  description  nf  the  phin)  was  pubtnliH  ia  aa  Enc> 
Hsh  jouninl.  and  copied  into  the  Journal  of  tlw  Franklm  Inathuti!  for  Bfara 
of  the  same  year — vul.  x,  2d  series,  p.  19.1  ~^ 

There  is  also  described  in  the  London  Mechantca'  Magasine,  vuL  m, 
S75,  an  experiment  of  a  current  of  air  frnm  a  bellows  directed  over 
orifice  of  an  inverted  glass  funnel,  which  was  placed  in  n  saucer  filled 
water.     From  this  (which  wo  did  not  sea  till  recently)  the  bloui;„(  ml«« 
descnlied  in  the  last  charier  ini^Ut,  with  a  Utile  iagjanuity,  hare 
deduced. 
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CHAPTER     IV. 


■p«<]«H«  i«to*— WMFf  nMIr  dwiurked— TctM  •ombmImIIj  mMOiUtkl  by  tto  o*ril1iuoo  of  Ii^dM* 
— BapannaaU  un  IW  wrrnl  of  ailrc  id  ttiSwrmMj  iha^ad  Mba^-AppHolra  oroon  form  la  tlfibout— 
H«<RIB*B<  (l*fM  Mipoullat  ti>l»~T)i<i'  plwdilMliM  bMkbyUMilr  MCKBltMJoMMil— l^xptmtnu 
mWM  flalB  c>iunj  inbat— lf|a«liii|  iiibM  aiih  air  ptpn*  •l(Mbr4— Cipirunrnt*  Bitk  nnsa*  aMd  IbIm* 
■tra(p>iniii(  ihmr  namncdB — Arinaucu  iriuw  <>«»  IncnM — HodM  if  fiiwiMirBllf 
I M  ipanlaf  Iwfcn    fn^trnt  fin  vUcb  tfanjr  us  appaalda— Tka  ftaadlMr. 


Tbnro  is  a  simple  modv  of  nusing  witter  wbicli  to  our  knowledge  bu 
n«vt>r  been  sdopieil,  nor  yt?i  suggmtad— fix.  hy  atrmigfat  aiul  opra  pipes,  or, 
u  lliQy  miglil  Ix*  nuniod,  apoiiUtig  tvl/tn. 

Wat^r  is  ratM'd  in  tlit.'  mn  (No.  168)  by  ilic  furcc  wliich  liic  liquid  ac- 
quires ^ti  flowiiiu;  iliruugh  duvcoading  cliiuiiiuls.  but  iu  iliu  instrumvtits  to 
wliicli  wo  now  refer,  tM  saioa  eSbcl  it  produced  by  its  moniciiiura  in 
pnsstiig  up  veriicid  uiwfl.  So  far  u  nispvcu  the  force  i>f  a  litpiid  in  ino- 
IK»n.  it  ni^Les  little  diOerencu  in  what  diruviiuii  it  niuves — wlivihvr  the 
liquid  ris4  pvrptuidiculitrly.  ur  liaving  first  descended  at  oti«  ainglu  it  iisocod 
at  •iicitlwr,  A  jet  d*eau,  deducting  all  resisiaiices,  rises  wiili  dbe  velocity 
with  which  ii  would  fall  through  thv  eamv  sp«ce;  but  in  practice,  the  ve- 
Kwiiy  )*  diminished  by  the  lenglli,  figure  and  dimensions  of  the  cbannol 
through  ^vhioh  the  liquid  flows,  and  of  the  ajuluj^e  from  which  it  escapea. 

Every  persou's  experience  teaches  him.  lliai  a  vory  small  force  »  tuffi- 
eicnt  to  diaturb  a  large  body  of  water,  and  tlmt  the  consequent  mcivemcnC 
of  the  liquid  is  long  continued  after  the  force  is  withdrawn.  A  stone  dropt 
into  a  tank,  or  thrown  into  a  pond,  cauaes  waves  to  rise  niui  roll  tu  and 
(ro  over  their  whole  surfaces,  and  aorne  ume  elap&es  ere  the  movements 
cease.  Dnys  nod  even  weuks  einpse  nfier  a  etorm  is  over  before  the  ocean 
reco»'ers  ita  previouB  repose.  This  effect  is  the  result  of  the  groal  mohiliiy 
nfwBtcr;  its  tiarticles  move  with  such  extreme  facilily  among  themselves, 
and  so  arlivcly  impnrt  their  motion  to  each  other,  that  a  force  once  com- 
municalod  to  ihcm  is  long  ere  it  becomes  exhausted.  It  is  lh«i  same  to  a 
certain  extent  when  wares  rise  and  fall  within  lubes:  for  although  the 
friction  of  liuuida  a^inat  the  aides  of  these  channels  is  cipnaiderohlo,  mpe- 
cially  ill  smiill  onm.  siill  the  force  in  die  ccntml  parts  is  bat  slowly  con- 
eamud.  A  devicu  tlicrefrire  hy  which  l)ie  oscillaticpn  of  liquids  is  employed 
in  transmitting  forces,  wilt  probably  consume  as  liltte  in  the  transit  aaany 
mechanical  device  known. 

It  has  already  been  remarked,  ihai  the  momentum  of  a  flowin);  liquid 
mtSers  less  in  pasatng  through  a  short  than  through  a  long  tulw — through 
a  slnii}'ht  thun  a  crooked  one ;  and  we  mav  add  tliat  ihis  is  mt>re  ejipcciolly 
true  wlien  (he  tlgiin;  of  the  tube  is  expressly  designed  i"  Incitilalu  ibo 
passage  of  the  moving  liquid,  iiialeud  of  ix-ing  uniform  In  its  hure  thruugb- 
ouL  Now  in  these  paniculars  apoiiling  luhes  are  eminently  superior  to 
ntherfl.  or  they  may  be  made  bo.  Thwy  are  abort,  straight,  and  of  a  fonn 
n/lsptpd  to  the  rising  wave  %«'ithiR  them. 

Moiinn  is  imparled  to  water  in  a  xpouiing  IuIm:  cillicr  by  deprf^sing  the 
lu|iiid  betow  the  orifice  and  then  odmiltine  it  to  enter,  or  by  excluding  It 
frnm  the  tube  till  the  lower  orifice  of  the  latter  be  sufliciently  immersed. 
If  a  pipe  whose  lower  end  is  closed  be  plunged  per^iMiviu\M\^  'w^nj^sai, 
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the  liquid  will  rue-  widiio  it  ikc  mooKfit  its  end  U  opened ;  boi  it  wiB 
depvnj  upon  Uie  lenfftii  onii  R^rc  of  the  tube,  sfMl  the  rcUtivo  propoKiM 
of  ita  two  oriftctu,  whether  thu  liriuid  nub  up  ftbove  the  ftur&ee  wiifaoob 
or  slowly  reach  it  and  (here  remain. 

The  (ullowing  are  scli>ct«d  from  a  namber  of  experimeDiA  mtde  wrvnl 
yeu«  ago.  ItLstuad  of  cloMtig  the  lower  orifice,  the  upper  one  w«a  cIomJ 
with  tJie  fnrc  tingt-'r,  the  confined  sir  acUng  the  part  of  ■  cork,  and  |in> 
venting  the  liquid  from  emering  until  the  anger  wu  rcnWTed. 
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ExPKR.  I. — No.  ?33,  a  cylindrical  glaastulre,  IS  inches  long  an  J  half 
bore.     Its  upper  oriRce  waa  closet!  air-tigbi  by  the  finger,  and  ihu  loi 
one  Uien  held   four  inches  under  tiie  surface  of  ihe  waier  in  ihe  v« 
Upon  raising  the  fingvr,  the  licjuid  ro«e  in  the  tube  sm  inches;  i.  p- 
momentuni  carri^pd  it   two  inches  higher  than  the  surface  in   the  w 
and   after  a  few  oscillolions  it  settled  at  the    same    level.     Cylindr 
tubes  of  various  size*  went  tried  M  different  depths,  at)d  the  average 
tent  of  the  rise  (above  the  surface)  was  ecjonl  in  half  the  length  of  tb«| 
of  the  tube  immersed  below  the  surface.     If  Xo.  SS2  dipped  four  it 
the  rise  ^was  two— if  (tight  inches,  it  was  four^— and  if  twelve,  it 
By  contracting  eithrr  orifice  (he  effect  wbji  diminished. 

Bxr>K.  II. — No.  223,  a  tuU-  slightly  ronicsl,    l(i  inches  long, 
meter  or  bore  of  (lie  large  end  hRlfan  inch,  unrl  that  of  (Ixr  uraaTl  end  i 
third  of  an  inch.     The  n«e  of  the  liquid  in  thin  fxcrr»Ji-d  that  in  No, 
When  tried  -wilh  the  Urge  »nd  up,  Itltlu  or  no  rim'  look  place. 

ExrCR.  III.— No.  224,  aiHitber  \\iW\  IS  iwh.-K  in  irnglh.  the  din 
of  whoie  upper  orifice  wa.i  tlire*'-«ixl(!enthn  and  of  the  lower  M>ven-eif 
of  an  inch.  Four  and  a  half  inches  of  (he  lower  part  was  cylinir 
When  dipped  four  inches  in  water  and  the  fing<()r  removed,  thn  linuid 
but  two  inchea  above  the  furfacie.  This  waa  owing  to  tlie  cylindrical  form 
of  the  tower  part  of  the  tube,  all  the  water  that  entered  being  required  to 
fill  iIm)  lower  part.  When  the  dip  was  six  inches,  the  rise  was  fivn;  wbra 
eight,  the  jet  passed  out  of  the  tube  and  ascended  «xteen  inches.  ^V*bcn 
the  tiihc  was  lowered  to  ten  inches  below  the  surface,  (he  jet  roae  thiiy 
i/wlif « ;  and  wh<"n  the  eml  nf  i\^o  VaW  -^a*  tweWe  incties  unJer  t] 
fhe  jet  ascended  four  feel  atiA  a.>uA(      Yr.wf\wx»  Wi<5wcs  iiv^  ■& 
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fc«l,  RuH  nixt  clip  Cftused  it  Xo  asci'nd  over  sev«n  feflt.     The  riso 

in  rylinJrical  bare  »e«n.  bnro  tlic  nmt'  rol»uoti  to  iht-  dip  at 

v»rioufl  depths ;   itui  ihia  experimeiil  show«  that  the  eluvalion  ot"  the  jet  in 
rotiictti  culms  inrreaAes  in  a  much  grcat4*r  ratio. 

KxreiL  IV*. — To  include  the  extreme  pro|>ortloiiii  between  the  twn  ori- 
fice*, we  next  Itwk  n  malrasj  or  holi  head  (Xo.  '225)  and  rut  n  portion 
rmm  the  ^lohe  nppoBile  the  j»trciii>n  of  the  neck  or  iiipp.  The  npening 
ihoH  made  was  .1j  inches,  and  the  orifice  oftlie  lube  Uiree-lcnths.  when 
lltu  liiwer  end  wa«  thrust  two  inches  bulow  the  surface,  scarecly  any  rise 
Innk  plare  upon  removmt;  tlie  linger ;  and  when  half  tlie  length  or  the 
whide  was  itrnnersed,  say  ten  inchos.  the  rise  did  not  exceed  six  or  acven. 
The  reasiih  was  plain :  ibe  large  voltune  of  air  contained  in  the  lower  part 
Cfiuld  not  he  expelled  iiuitaniancoualy  by  the  preiteure  of  the  li<|uid  column 
ihrnugh  ilie  small  orifrcc  ahove,  but  iho  force  of  Lhc  asci-mlin^  liquid  wan 
consumed  in  doing  this-  Various  poruons  were  now  cut  from  iht-  lower 
part,  v^'illi  a  view  to  oseertaiii  tlie  grvotest  rist-  l)tat  could  be  obtuinc^d  with 
dip  of  four  inches.  This  occurred  when  iJie  dtnmclcr  c(  ibc  low  or  end 
was  reduced  to  1{  inches:  the  liquid  then  rose  between  nine  end  ten 
inches  above  llie  surface.  The  upper  end  was  now  heated  in  the  flame 
of  a  lamp,  and  the  hore  enlarged  by  preasing  into  it  a  laperod  piece  of 
Wood,  nil  the  end  reecmbleil  the  conical  iijutage  C  D  in  Ko.  SO).  This 
cauaed  the  liquid  to  rise  nn  inch  higher. 

Exriut.  v., — A  number  of  eomral  tubes  of  the  aame  length.  (21  inchea) 
whose  wide  ends  diverged  or  flurod  differently,  were  next  procnred,  with 
the  view  of  selecting  iho»e  through  which  the  jet  roue  the  highest,  as 

flbrding  an  approximaxion  lo  the  best  form.  ThM  ona  represented  at  No. 
1U!(>  guve  a  better  result  than  any  other.  With  a  dip  of  four  inches  the 
jet  rr»i'  tliirteen.  Tbp  diameter  of  its  lower  orifice  was  1.6  inched,  and 
that  of  (he  upper  one  ,4  :  three  inches  below  the  latter,  the  bore  was  .2. 
Ac  seven  inches  from  the  small  end.  the  bore  wa«  .3— nt  fourteen  inches, 
4— «nd  nt  seventeen  inches,  .fi.     The  curve  ^ven  to  the  flaring  part  of 

be  lower  end  sbfKiM  be  that  which  the  fluid  itself  assumen  in  eniering; 

ut  that  given  in  the  fietirc  is  auffirient  for  all  praciical  purposes  to  whieh 
nujl  inslrttments  of  ihis  kind  are  applicable. 

Before  proceeding  we  may  observe,  that  these  in^trumenta,  «imple  aa 
[hey  are,  and  even  when  charged  in  the  manner  indicated  oIhivc,  are  sua- 
plible  of  some  usefbl  applicatiuna;  among  which  may  ho  naiecd  siphons. 
If  the  tul»e  Nn.  SS6  were  bcni  in  the  form  of  one,  it  might  be  applied  in 
tramemu*  tnae9  to  transfer  acids  or  other  li(]uids;  and  as  it  would  be 
chiu^il  by  the  mere  act  of  inserting  itn  shorl  lee  into  the  litjuid  to  be 
wilbilrawii,  there  could  be  no  danger  from  sucking,  icc.  as  in  using  the 
Ordinary  inscnimcut.  It  will  moreover  be  nerccived  IVom  the  third  expe- 
riment, thftt  the  extent  to  which  tiiese  siphons  are  applicable  increases 

rilh  the  diipih  In  which  the  short  leg  can  b«  immersed  :   nut  as  this  chapter 

s  appmprLoted   to  the  application  of  spouting  tubes  to  raise  water  from 

mfr  level  and  discharge  it  at  a  higher  one.  their  employment   as  siphons 

vill  be  illuatrated  in  a  subsequent  part  of  ibis  volume. 
It  will  ai  once  occur  to  every  machinist,  that  tn  render  these  luheii  of 

ifiv  pnirtical  ^Tdiie  for  raising  water,  some  mode  of  working   them  very 

I'Wim  ihni  of  allcrnniely  oprning  ond  closing  llie  iippfr  orifice  with 

: .  and  niisiiig  tliem  wholly  out  of  and  thr^n  plunging  them  into  the 

.  would  be  re<|uired  ;  a  mode   of  regularly  and  nipidly  tlepresning 

id  wiitiin  ihem,  that,  ilie  wave  fomwd  by  its  aitceni  might  rise  and 

-.imple  way  of  doing  this : — If  the  whale  oC  vine  to.Vw.Sci.'iari 
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b«  «unk  perpendviitftrly  in  vratur,  oxecM  ono  or  ivtn  inebB*  bjr  whtdiill 
hekl,  and  Then  rat!K>d  ^ight  or  ton  itichc»,  uii*  will  enlnr  the  amall  ani 
and  fill  iho  |Mrt  prcvioiMly  ocruniud  by  the  liqitiii;  il'thL'  upward  ntov*'' 
ment  bo  very  «low,  ihr  sir  will  gradually  Kll  the  iniorior  willtaut  diMurlng 
the  surGico  nt*  thn  liquid.;  but  if  liic  tubu  \ta  rtuwd  by  a  rapid  moreflieM 
or  slight  jerk,  thf?  nir  will  then  rush  into  the  void  with  a  fopcfr  that  «nll 
pit^  down  the  liquid  bernr«  ii  Co  a  canFidornble  dupib,  ao  thai  nn  th«-  rr- 
aact-nl  of  the  liquid  its  momentum  will  project  s  portton  in  the  farm  uf  i 
jot,  precisely  like  Sob.  224,  225  and  2^6.  It  ts  surprising  ha«r  elevatad 
a  wave  is  generated  in  the  tube  by  ibe  sli|^UMi  oAceiu  of  iha  iMter,  pt» 
vidcd  its  mnventRnt  be  mad^  sufBcienUy  quick.  The  rise  uf  tbo  wmbt^ 
too.  follows  that  nf  the  mbo  so  rapidly  Uiat  mcMt  observers  at  RrMsnppoM 
ihem  to  rise  simiihonenusly.  The  fact  is.  tho  liquid  when  deprnwej  rvr 
tiitns  with  such  veli»city  as  to  escape  from  the  tube  the  instant  the 
is  Rnisbed,  and  even  hetbre  its  nmtion  be  slackened. 

ExPBK.  VI.  A  jet  may  be  produced  by  the  d^wnsf  of  the  nbe  u  wmOJ 
by  its  ascent.  Tj«t  No.  228  be- so  held  thai  its  lower  end  dip  not  tnofe  i 
an  inch  nr  an  inch  and  a  half  in  the  water,  and  then  he  pushed  quidtf 
dnwn  eight  nr  ten  inches — a  stream  will  be  projected  fmoi  its  u[>p«r  on- 
Roe  to  an  elevation  of  six  or  seven  leet,  and  will  be  instantly  folMWed  by 
another  that  will  reach  nearly  as  high.  The  same  rauao  operates  hefst  ■• 
in  the  upward  movement,  bm  it  is  diflerenlly  excited.  A  small  pari  na 
of  the  air  within  is  expnllcd  at  the  end  of  the  stroke,  on  nrcoiuit  i<r 
tube's  rapid  deaceni,  and  consequently  the  water  is  prevenird  rn>m< 
ing;  but  OS  soon  as  this  movement  at  the  lube  oeaaea.  the  liquid  rushMl 
and  a  portion  ascends  in  the  rorni  of  n  jeL  On  the  siibsetpient  irttb  nf  ilia 
wave  within,  another  one  rise^  nearly  equal  to  the  firftt.  and 
aecond  jet.  The  following  exptfrirrwnt  will  illudnttf;  l>oth  maveiDenlai 
A  small  glaM»  tube  eight  incbeH  long,  its  wide  eml  an  inch  and  five-eif 
diameter  and  its  small  end  one-ei^tb.  was  employed,  by  its  «pi 
movement  or  stroke  the  extremity  nf  tht*  jet  machml  tnanelnnratimt  of  i 
feet.  By  the  downwani  ntroke  a  jet  roM*  kix  feel,  which  waa  succeeded 
by  another  that  reached  four  f<H!t  ami  a  half  Now  if  bnlli  wtoveBiefW 
are  pntjierly  i;ombined  in  a  3(>onling  tulx?  oflargt!  dimrn*inns,  we  bekev* 
the  inittriiment  may  he  made  tn  raxte  ah  mtMrh  wntiT,  in  rtrrumfincns 
adapted  to  its  employment,  ».■)  any  nther  hydro- pneumalir  machine. 

[f  the  figure  given  to  No.  226  should  lie  fonnil  lit-tter  atlnplPiJ  than  stiT 
other  when  the  tube  ia  used  as  a  siphon,  it  (him  ttiil  iherpfort*  foDnw  ilwt 
the  same  form  would  be  the  moAt  suiuble  to  (inNlnrf  jrt*  of  water,  la 
the  former  case  the  instrument  acts  while  at  rest,  but  in  the  laltrr  •  con- 
stant and  rapid  movement  is  required  ;  hvnce,  to  prevent  nn  nniiuctaiati 
expenditure  of  L)ie  power  emplnytvl,  it  should  be  an  iin-med  as  tn  nrn*M>al 
as  little  opposing  surface  to  the  resiatunce  of  the  densr  Huid  in  whirli  ir 
works  as  ia  consistent  with  the  elevation,  nr  (piantity  of  water  tn  be  nis 
by  it.  This  remark  applies  particularly  to  the  tower  nr  wide  end,  few 
that  pert  be  suddenly  expanded  or  flsred  like  a  truinpnt.  a  volume  of  wa 
of  equal  diameter  has  to  be  displaced  in  the  rewrvoirpvery  time  ihett; 
is  pushed  down,  and  also  a  ring  of  water  wbo*e  rxlumal  diameter  ia  i 
same  (tbo  internal  one  being  bounded  by  tlm  lube)  every  lim**  ibe  Utl 
ia  lifted  up.  When  used  as  aiMuting  tulie«  the  lower  end  shoald 
fore  flare  very  little,  if  any,  unless  in  cases  wberr*  (he  rnitlar  of  pen 
work  them  ia  of  little  consequence  or  of  terundiiry  mipnrtanr 
upper  end  of  a  spouting  tube,  When  intended  to  ihmw  jets  from  it 
slioulfl  not  ilivcrge  \ike  iVai  aK  "So.  %^.  «vw*;  \V*i  iE\T-»n\Aivt\  i>f  tS*  %tn<i 
would  be  therwbj  dimimi-WA  •.  AmXeaA  oJE  tvmtvt  \*  %  mi«bi(*c».  yV*-; 
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■oaoer  brcotnc  espuidcd  aiid  lirokon.  Wbun,  bowomr,  ono  of  ibeae 
tnstniiiKriiu  m  intenclciJ  to  liclivi-r  watur  al  h  IovcI  wilL  tta  uppor  orifice 
only,  liitiD  tiiL>  dieciiu'^ug  oriliDD  aboulU  ntKeuiblu  (liai  of  No.  'i'iC  ur  C  U 
in  Nn.  'ml.  u  an  iticru^sud  diMbarge  of  tliu  liquid  would  in  ihiti  case  uika 

tilaoe:  u.  ffivaier  flow  of  air  wuald  enlcr  ud  tlw  aMeoi  of  tbe  tabe,  and  a 
Bi^r  rotump  or  water  fliw  out  nn  il£  rtilurti. 

Kirsa.  VU. — A  nmnlior  of  runiuil  tubes,  Lcn  incbos  long,  were 
iirepan>d.  Tbo  diaiucirr  uf  die  small  titui*  of  nil  wtu  |  iocb,  wliilo  the 
[arp>  fods  worv  n*spircuvi*lv  1  inchi-tt.  3^.  3,  2}.  2^.  'i^*  ^'  '$•  U>  'i  "^i^ 
I]  and  bundtfa  tlwMr.  two  cyUiidrical  uiiux  iif  ^  inch  and  j  ini:h  bora, 
Whb  till*  cyliDdri<.-al  lubt^s  uo  jut  could  ix*  produced  by  any  movoment 
giren  Ut  tbcm,  viiJicr  ijiiick  ur  aluw.  bovvover  deep  ihcy  wi-rv  iinin(*rsod; 
DOT  yrt  when  thi.-y  Viviv  incbnud.  Wbvn  tbe  conical  ooee  wcru  iiotneraed 
kalf  tltrir  letigtb,  and  worked  wicbuut  plun^JT)'*)^  ibvin  dvi-por.  oo  water 
fsoiild  be  i'ji^cted  :  ihu  cannr  of  ilita  biiw<!Vi*r  wa«  uul  tbu  ttunic  in  all.  In 
aix  iir  -tervn  uf  tbe  lar^'iit,  tin;  pans  bfluw  the  surfan*  wuk  toocapacioos 
lu  iff  tilli-d  iiMtiintatieously  witb  air  ibrough  the  email  orifice  above  aathey 
were  raiMd.  Tb«  eouod  inndL-  by  the  entering  fluid  O'kt^'  a  poraon  gmaag 
(itr  breath)  showed  this,  eapecially  in  the  largest.  But  in  ihi-  smalk'^r  sizea, 
iIm  air  entertid  ua  faat  bj»  they  uvru  raised,  and  consctiuoDtly  duiurbed  but 
■li^tiy  tbe  snriace  of  tiie  liquid  within. 

When  any  one  of  tbem  wax  immersed  witliin  an  inch  of  the  small  eod 
and  then  morcd  two  or  three  Inches  up  and  down,  a  jet  wa«  thrown  out, 
and  Inim  tbe  larew  ntieii  with  considerable  force,  on  account  of  the  greater 
BiiAS  of  the  litjuid  put  in  motion  in  their  lower  pan.  Still,  however,  the 
jet  did  not  Hm-  an  hi^b  from  the  largo  as  frnm  some  of  tlie  ampler  inbea, 
becAUse  thn  sidea  of  tbo  former  converged  so  rapidly  to  the  discharging 
oriHce  chat  the  liipiid  particles  crossed  and  counteracted  each  ullter  as  thev 
Short  cylindrical  ajutages  «oldert'd  on  two  of  the  largest  made 
ibtc  improvemenL     The  disadvantages  of  making  the  lower  puru 

loo  wide  or  spacious  for  the 
entering  air  fiilty  to  occupy, 
wa*  also  very  apparent  when 
the  tubes  were  raised  five  or 
six  inches  in  working  them. 
The  water  tvithin  not  bmng 
wholly  displaced,  it  hung  in 
them  aa  in  an  inverted  turn* 
bier  itr  iMickel,  atid  conse- 
I  quontly  its  wc-iglit  wait  add* 
«d  to  liini  of  llie  Lut>«.  This 
not  >inly  re<]uired  an  increaaa 
of  force,  but  the  intended 
vflect  wan  (limiriiJied  and  in 
a  ureal  measure  deittn>yed. 
Thtt  same  thing  of  course 
occurs  if  n.  unaller  tube  be 
il9<:d,  with  M  large  additional 
part  to  Its  lower  (rxIrMmity, 
lu*  at  Nu.  229.  To  olivmte 
ibis  by  furntabiiig  a  larger 
aupply  than  wuuUl  enter  tbe 
l^lhtfl    MM-Oft    t<a.tM.       Ka.ni,       «««1.  smallwr  orifice,  we  adaptMl 
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force  mquirnl  to  wnrk  the  larf^r  tabos  wu  verjr  ienuble,  but  witli 
tOMUer  Aiiofl  it  WM  scarcAty  apprpcialiie.  Those  whose  larger  codi  wi 
£  int^hpB  and  l|  iocHos  |im(lucDd  the  hi^hun  jets.  Iiui  they  wen*  ohrioc 
loo  much  ta[ierRd  tor  practicai  purpoeos,  and  oven  thu  sides  of  ihe  •anllol 
onu  nanK^d,  formed  too  large  an  angle  to  be  applied  with  ulvanu^tf 
great  depth). 

The  luhe  No.  2<t0,  iwn  f^Rt  ana  inch  in  len^h,  wna  made  of  tin  ptMB. 
It  cnniu«t«<t  of  a  oonicAl  piece  2i  inches  long,  l\  inches  wido  at  ODO  mi, 
and  I  inch  at  ihe  other.  To  the  wide  end  a  flaring  piccu,  3  inches  low 
and  4  diamelor  al  the  lower  edge,  was  added.  This  pieco'was  made  « 
sheet  lead  for  the  convenience  of  forming  it.  When  wholly  irnmenrd  is 
water,  except  2  or  3  inches  by  which  it  was  held,  this  tuW  threw  a  rt-r  1* 
feet  high.  By  the  upward  stroke  ihp  jet  rose  12  feci.  When  lh<  i' 
inf  ajutage  A  (whose  contracted  part  was  the  sbsm*  as  the  oriSct;  <.■:  —^ 
tube)  was  slipped  on  the  latter,  iho  Jet  was  dispersed  boforv  it  row  8  flwt. 
An  inch  was  cut  olT  the  lower  end,  loaving  tiie  diamt'tfr  3  ioehci,  upon 
which  the  jet  rose  to  about  14  feoL  AnothL-r  inch  was  then  removed. 
when  il  rose  still  lower;  yet  it  might  still,  hv  ■  ^itk  back  strokir,  t» 
thrown  nearly  as  high  aa  at  the  firsL  It  would  tbcrefore  aeeio,  thai  al- 
though a  luge  flaring  ond  riKjuiroi  more  force  to  raiau  it  than  a  smaO  ooe. 
yet  am  increased  vtiiucity  rvtiuirod  to  be  given  to  the  downward  timke. 
in  order  to  r«isc  the  jot  to  an  ei|ual  height,  coitiea  to  much  the  sutw  tkiag. 
Thflro  is  a  way  however  by  which  the  reustanca  which  a  large  flontigaM' 
tneeu  with  from  the  water  may  be  avoided  in  the  upward  stmkr,  vn. 
enclosing  the  luhe  in  an  air-tight:  cy/M<2r«aii^  one,  nf  thu  diameivr  of  i 
flaring  end,  as  represented  by  the  dotted  lines  in  No.  230:  or  the 
raem  might  be  inaeried  in  a  wooden  tube,  whose  apBCific  grai' 
about  chc  same  or  rather  less  than  that  of  water. 

No.  231  was  3}  foot  long,  formed  of  cooper,  and  of  a  regular  taper  I 
within  four  inches  of  its  lower  end.  Its  diameter  at  the  mnall  eni' 
half  an  inch,  and  lU  the  lower  end  3}  inchtM,  to  which  a  piece  flared 
to  six  inches  was  added.  By  an  upward  stroke  of  16  inches,  the  jet : 
17  leet !  and  by  a  downward  stroke  of  one  foot,  it  rtise  to  the  same  luhj 
(These  measurements,  and  the  others  mentioned,  relate  to  ihn  ett 
hetghl  to  which  a  small  part  only  nf  the  liquid  row.  The  main  body  i 
the  jet  seldom  reached  over  two-thirds  of  the  distance.)  When  the  up- 
ward stroke  was  continued  3^  feet,  the  rushing  air  pushed  all  the  water 
out  of  the  tubtt,  and  roae  up  on  the  outside. 

GxPBB.  VIII. — We  twxt  prepared  n  larger  tube,  and  airangcd  it  so  a* 
to  be  worked  in  a  H^ht  wooden  Irame.  which  was  seeurcd  in  n  nine  ptpt 
filled  with  water.  (See  No.  233.  The  wine  cask  in  omitted.)  This  la- 
Btrument  was  deemed  e<{ual  to  any  that  was  tried — tlie  ijuftntity  of  M-ater, 
awl  the  elevation  to  which  it  was  raised,  being  eoropared  with  the  force 
eoiployed.  It  should  not,  however,  be  considered  as  exhibiting  aoyihing 
like  the  maximum  effect  which  spouting  tubes  are  capable  nf  pmdacing, 
because  tlie  friction  of  the  liquid  tn  passing  through  so  small  an  orifiee  < 
that  of  No.  233  was  very  considerable.  The  reader  is  therefore  requr 
to  bear  in  mind,  that  the  larger  the  bore  of  those  tubes,  the  nxire  favc 
would  be  the  result ;  and  that,  although  jeta  of  water  may  be  thrown 
high  by  them,  yet  they  are  better  adapted  to  raise  Urge  volumca  of  « 
to  smaJI  heights. 

The  tulie  No.  233  was  6ve  feet  long,     tt  was  compnwd  of  one  piee*  4 

foet  4  inches  in  length,  .75  nf  an  inch  diameter  at  one  end,  at>d  £.9  inchn 

al  the  other.     To  tnw  end  a  p\ece  rt\w;\iB»\i5w^"«»»  «M«&,->kVu.Ok  w«d« 

cBe  diameter  6.6  inchet :  and  w»  0»S»  iuv»>\Wot  ''gn«c«  "4  \w\iw*  Vrit    -  '^'  "- 
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made  the  extreme  end  of  tbc  tube  7-5  inches  diameter.  The  tube  aa  thu« 
formed  was  secured  to  a  Btrsight  strip  of  wood  of  nearly  the  saniu  Ivugtli, 
by  means  of  tltree  copper  straps,  which  were  soldered  to  liie  tube  uiid 
■crewed  to  die  wood.  (See  the  tiguro.)  About  a.  foot  from  each  ond,  uid 
Bcrosft  the  back  of  tbc  script  two  pieces  of  wood,  Ij-indies  long  and  1^ 
wide,  were  secured.  They  projected  half  an  inch  over  each  side  of  th« 
»trip,  and  were  beveled  at  ihe  eixls,  so  as  to  Ht  into  and  slide  retidilv  up 
•ad  down  in  a  dovetailed  groove  formed  on  the  fuoe  of  the  post  r  r . 
This  pOK  was  secured  in  an  inclined  position,  as  represented.  When 
Ur^e  tubes  are  used  they  should  alM-ays  be  uiclined,  that  the  water  once 
raised  above  the  ontice  may  nut  fall  into  it  again  and  run  back.  The 
surface  of  the  water  in  the  cask  was  13  inches  below  the  upper  end  of  the 
cube,  and  upon  working  the  latter  the  Jet  ( j  of  on  inch  diameter)  row  32 
feel.  A  piece  of  pipe  was  next  slipped  on  tho  end,  which  made  the  tube 
a  toot  longer,  and  reduced  die  orifice  to  half  an  inch,  whou  the  jet  rose 
little  if  any  higher  than  i>efore.  Another  tapered  piece  of  pipe  was  added 
to  the  last,  making  the  orihce  Rvo-sixtL-unlbs  of  an  inch,  upon  which  the 
jot  did  not  ascend  over  six  or  eight  feet.  An  uir-pipe,  figured  at  No.  2'J2, 
was  now  added,  that  ilie  water  might  l>c  fully  dopressud  in  the  tube  on  iu 
■scent,  but  the  jet  was  bo  pinched  at  tha  orifice  that  no  obviom  chajige 
was  perceived. 

Thu  upward  stroke  ought  to  be  »o  regulated,  that  the  sir  in  rushing 
dourn  should  push  nearly  oil  the  water  out  nf  the  lube,  that  the  wave  in 
riving  may  be  urged  up  vnth  the  full  prt^nure  of  that  above  it  in  the  re- 
servoir ;  hence  the  elevation  of  the  jtrt  prt)duced  by  thp  upward  stroke  of 
a.  spouting  tube  depends  chiefly  upon  the  depth  of  its  immervion.  But  if 
the  upward  movement  exclnde  nearly  all  thu  water,  the  downward  one 
if  made  with  due  Telocity  prevents  it,  or  much  of  ii,  from  entering  before 
the  tube  itself  gets  nearly  to  the  end  of  itfi  stroke,  and  consequently  the 
effective  he-ighl  of  the  hydrostatic  coluiun  is  then  increased  to  an  extent 
equal  tn  the  length  of  the  Rtroke.  On  the  ulhur  hand,  if  iJie  upward 
movement  be  made  so  quick  that  the  iiii*  hiia  nnt  time  to  fill  the  enlarged 

Saoe  below  before  the  stroke  is  finished,  then  Utile  or  nn   rise  will  take 
MM.     The  opcrat.iDn  in  tbi»  case  is  the  converge  of  the  experiment  wilh 
die  matnsB,  ISo.  2'i5. 

When  the  movements  of  otw  of  these  inatnimcnts  are  properly  ttmed, 
the  inertia  of  the  descending  air  and  ascending  liquid  is  pecuhu'ly  bene 
ficial.  In  ordinary  machines,  where  the  direction  of  moving  masses  is 
reversRd,  or  when  they  are  alternately  brought  into  a  state  «  rest  and 
motion,  the  inertia  is  overcome  by  an  outlay  of  the  force  (.-mployod  ;  but 
this  18  not  the  case  with  spouting  tubes.  TbuH  when  a  tube  is  raised,  the 
air  descendti  into  the  vacuity  left  by  the  retiring  iiquid.  aud  when  its  mo- 
meatum  is  expended,  its  motion  is  continued  by  inertia  aloiio,  and  conse- 
quently the  nitter  is  pushed  down  still  further.  Then  again,  on  the  ascent 
of  the  liqnid  the  elevation  of  the  jet,  or  tlie  volume  dischaxged,  will  be 
inereaaed  if  the  inertia  of  the  rising  wave  be  suAured  to  expend  itself 
vnlhout  tnierierenoe  by  on  untimely  inovemem  uf  thu  instrument. 

A  reciprocating  rectilinear  movement  might  be  given  to  spouting  lubva 
by  a  spring-pole,  as  in  the  catimr  hydruuii^tie.  The  movement,  however, 
itaould  be  regulated  by  (hat.  of  the  wnvc.  This  might  bo  accomplished  in 
large  tubes  hy  connecting  to  the  moving  suporatus  a  heavy  pendulum, 
whoso  length  could  be  increased  or  diauiiisncU  according  to  that  of  the 
stroke. 

If  a  tank  or  reservoir  I>e  not  suiHctentl^  dc«y  for  lk«  ftTO^Vu'jtwftw'v.  *j^ 
lAsv*  tabca,  aa  opening  oi'  the  proper  s'lie  and  de^^^  mx^vNjA  'ma^  ""^ , 
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tb*  corner  or  side  in  which  to  work  tbnm.    Wlmn  w&tor  it  to  baduMkire^ 
ua  a  le%'el  with  tho  orifica),  lh«  up^K-r  purt  of  tha  lube  •hould  slide  il 
Rnother  fixed  to  and  eUndiiig  aiwvu  the  boltom  of  the  n>c«iving  c--.- 
tbax  the  liquid  when  once  riuMid  inuy  nul  ran  buck;  «nd,  for  uiif  turn 
reason,  th*  tub«  should  l>e  inclined.     Ainon^  othnr  ujmm  tu   which  ihcji 
are  appliciblo  is  that  uf  occasionally   watering  ur    washiiie    Inxa    vkI 
planU.     in   public   gardens   and  other  piauea,  where  a  jet  d'eau  ruitnl 
otht-rwise  be  convenienUy  obtained,  ihoHe   inslrumenis  mi^ht  bti  pUcwl 
in  a  n-«ervoir  and  moved  by  concealed  inechanisni,  so  as  tu  produce  cor; 
and  Hllhmi^b  it  would  conaisl  of  a.  succenaion  of  jets,  the  movenMtnts  ati)ikt 
be  so  regulated  that  they  would  appear  but  ono.     The  motion  of  il" 
itself  niit(ht  aiso  be  hid,  by  making  it  pl&y  in  the  interior  of  k  &st" 
above  whose  orilicc  it  need  not  protrude.     In  tliis  manner  the  air  m  tu.- 
tories,  hospitals,  and  rooms  of  private  dwellings,  migbl  be  kept  cool,  aud^ 
by  perfuming  the  water,  rendered  very  agnreable  and  refreshing  in  j 
weather.     In  feet,  at  every  place  wbera  a  fuunuin   is  desirable,  a 
and  spouting  tube  might  bo  u«ed. 

The  experiments  we  have  given  axe  very  imperfect,  but  they  may  strvt 
to  excite  thoae  persomi  who  navu  leisure  and  opportunity  to  pursue  th> 
flubject.  This  moda  of  raising  water  is  deserving  of  a  rigid  iuvestigatiii 
and  will  amply  repay  all  the  labor  expended  upon  iL 

There  is  a  natural  illutiraiion  of  spouting  tubes  in   the  Sthifir 
Blower,  oa  the  south  aide  of  the  Mauritius.     The  action  of  the  wavva  I 
uodormined  some  rocks  that  rua  out  into  the  sea  from  the  main  Ufkd, 
has  worn  two  pasAages  that  open  vertically  upwards.     They  ue 
■ented  "  as  smooth  and  cylitidncal  [conical  i]  as  !f  cut  by  a  chtsL-l.'* 
a  heavy  sea  rolls  in,  it  Alls  in  an  ifistanl  the  caverna  undenieuib,  aiid  : 
no  odier  egress,  a  part  is  forced  up  the  lubes  to  an  elevation  ofmxty  fa 
The  moment  the  waves  recede,  the  vacuum  left  by  them  cauMS  iW' 
to  rush  intu  the  aperiures  with  a  noise  thai,  is  heonl  a(  a  cjlUldersUe  di» 
tance.     See  a  description  of  this  phenomenon  m  the  Saturday  Mi 
Tol.  vL  p.  77. 
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Tbitna't  d«i(M  Am  nWM  wno^Thelr  !«>>»«*— Mvra  eomaw  *ku  otbvr  Daiunl  opwMMw- 
Tb>  iM-  •  •■ir-m»*ni|  hyilnabe  vpflnr— Hlnaiu  tlirmiaf  ■■■  li>  •■(rku— tHki«>  (f<»«l  Irata  M 
tirmili  liiUnmaw  aM^rat.  l»bM  *^  <i|ika>u — iBuymuUiv  •I'nagt — Naiural  lam*  aad  pnuan 
aiiflMw-BfipUM  of  waiM  an  tba  >iM>«  irf  lulj— Waur  nwM  ■•  T*p*r— Clnad_W>i«r  nu«d  b|r 
WtMt— Utmii  Eirtliq«»lw-Vrr»Mtem— JMTimaff—ofmilyll^ii— grniw»OMrHnr»nfftlBrehnf 
(tlBBH— ClieiiUttoaof  uii-'Tlit'dihl  ««*darlhllr  twM  lU  tti  •fecU  Hi4  »»>«M(»l*--i'itclMr  phMI 
■M  IVtuTUU  ■mil  Tf—  af  AinO»li»  E>ilwO«i»  ■WaHwyaalfc  AjwI  qf  li>|iuda  lif  captUa*} 
MWaPa*— TfMny  ind  Ufc»i  tf*i>*  nin*  or  HqwUi  Amwtal  VitMt  Uf  MkU»«J  pl»cnt— Ugalil  ilrap* 
— iTh*«  wailbrni  diAntoa  vkcn  aai  (•Mnunoad  b}'  (nviqr— "nmr  Cann  and  aliK— Sort  aad  hani 
aoUanaf  — Amvbi  of  BUpr  tii  cupllUry  latna  linlml  salr  li]r  lU  loUnf— Cabenou  oT  liquid^-Jtaccst 
liar  U»«at&  (MhI  aad  ngi — Emc  of  Ml  M  luHp  vKk*  aad  (hrough  Ihe  yoni  orbox'twi 


Betuec  takiug  leave  of  artificial  machines  far  raising  water,  a  few  of  the 
most  jjrtimiacnt  of  tbciee  wtiich  nature  emplnys  may  be  noticed  ;  for.  after 
all,  tbv  IfL-Ht  ul'buinan  conlrivuicirs  an;  but  imitatiuufi  uf  bers. 

Tho  L-Ai(.-oi  lu  which  ruisiug  of  water  i8  carried  by  uaturc  is  wonderfuL 
Fenoni  mKu  bave  oot  rvHocied  vu  tliii  subject  wotild  hardly  auspect  the 
{nfloeuce  nbicli  tkia  operelioo  cxorts  on  our  globe;  yet  ii  is  one  which 
(he  Crrntor  ha»  adopted  lu  bnog  abuut  ri^ulis  upun  which  tl»e  ba|>pine8B 
of  all  tlitiigH  liviug  dcpund,  Tii  the  ulirvatiun  of  water  inLo  ibu  aUouspherSt 
»nd  its  rvliira  to  the  eurtfa,  llm  tbrmalion  of  cunlin«nt£  aod  islanda,  lakes, 
rivrrs,  foiintaina,  ralluyd,  plains,  onivL'l,  huhI,  muuld,  be.  arc  due.  The 
ftrtitity  of  wnl,  growth  of  vrginablos,  aud  UFp  of  animatfl,  arc  also  to  be 
•uribtiicd  in  a  greater  err  lens  degree  to  the  Mine  aourcti. 

Of  tiuturt*'*  tiioohiitcry.  devices  lu  raise,  dlAuse  and  collect  water  are 
■he  miiil  comman.  They  pervade  all  her  works — the  mnst  magnificent 
aiKl  ttie  moat  minute  :  and  if  we  lurii  our  thoughts  to  the  world  at  targo 
and  contemplate  it  as  a  whole,  wc  find  it  {tcrfonning  tlie  part  nf  on  immeoBe 
hydrauhc  engine,  one  which  never  stops  working,  und  whose  energy  never 
Satfi.  In  almo«t  every  point  of  view  this  feature  ts  ohvinut.  '  In  its  ex- 
tenor  our  planet  ia  rallier  nqnoous  than  tom^ne.  Thrve-fourths  of  its 
(tirfactf  are  sunk  into  l>a«in4  and  »cooprd  into  cliannels  for  the  rcorption 
and  transmisinon  of  water :  mor*  than  ow-hnlf  is  orcupi^d  by  tht>  ocean, 
the  principal  renervoir  j  while  the  other  lialf  is  interiieci/^d  in  every  direc- 
tion by  Iitltett,  rirers,  and  rivulets  innnmernble.  that  convey  the  dispersed 
liquid  hack  to  the  w*.  The  motion  imparled  in  water  also  exhibits  every 
degree  of  activity  and  agitation,  from  overwhelming  torrents  and  moan- 
tainous  waves,  to  the  gentle  showiM*  that  descends  »  if  dropt  through  ifao 
finest  cullender,  and  the  placid  stream  that  glides  itnperceptib^  hy. 
Somptimeii  we  heboid  it  running  with  the  speed  of  a  race  horfie,  roar- 
in^f  among  rapid»,  leaping  over  precipices  and  darling  dawn  caliinieta^ 
here  dashed  into  spray,  ihere  cliiirned  into  foam  ;  now  winding  in  eddies 
and  gyrating  In  whirlpcKiU  ;  passing  ihrou^i  channels  whose  paths  are 
LortiiituB  as  thoae  of  a  serpent,  and  shotning  ihrotigh  others  siraighi  as  an 
amiw, 

Open  channels  and  reservoirs  constitute,  however,  hut  a  part  of  nature's 
hydraoHc  inachiDery  In  ihe  tntrrior  of  iho  earth,  are  close  and  air-tight 
reeervnirt,  and  tubt-s  of  every  iinaginable  sise  and  ftcure,  and  <^K  'voRtstr 
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iWLvaljIe  strength.  Thetw  rec«ira  and  trBiuniit  [iqaid  coIurumi  wboM 
hydroffadc  pressure  wuultJ  Kliivcir  tli«  Htrunj^al  couduits  xnmdv  by  tnu. 
wbile  the  volurnas  of  wiUer  t)i«.l  pltty  wiiliin  and  pacs  through  thvm  rmd 
aiierly  insignificant  all  tlie  products  of  artificial  Ragima.  \V'e  knnw  tJi 
rivers  sonictiiiwa  ducliarge  tiiemstflvus  inio  autrterrmiwoua  tubea, 
traoapMrung  tli«  tluid  to  a  diatance,  ag;ain  romiu  it  up.  Id  liiia  : 
wat«r  ia  orieii  conveyed  to  placoa  where  Ita  aiip»ar«nce  la  di: 
•ccouiiL  for,  because  oi  tho  level  of  all  the  neigbboring  re^toua  bvii 
far  IihIow  the  aperture  of  discharge—tliia  being  aotnetiniea  on  tlic  iiuni 
«r  mountains,  and  oAcn  at  their  Hides. 

Bui  ilie  transmiasion  of  wati^r  from  one  level  to  •ooiber  thmugb 
ia  one  of  the  simplest  operations  in  natural  as  it  is  in  artificial  hyd 
The  flexure  of  the  tubes  fabricated  by  nature  convcrl.  some  of  tkem 
aif^ons,  and  these   often  decant  the  contents  of  caverns  in  which  m 
slowly  accumulates.     The  liquid  rises  till  it  flows  over  (be  higU 
in  ttie  tube,  and  the  siphon  Iteing  tbtts  charged  continues  in  opcmtii 
onn  of  ours,  until  the  reservoir  mat  nipnlies  it  be  empHcd,  orthecoole 
reduced  to  a  level  with  (he  external  ortfloe  of  the  discharging  leg.     T 
Kction  then  ceases  until  ibe  cavern  be  again    filled  and  tbe  opermboa 
renewed.     Hetioe  intermiliing  apringi,  and  sone  of  tlio««  that  ebb 
flow. 

Natural  maehiuM  analogous  to  water'tamt.  pressure  engines,  and  ft 
tains  of  compression  are  <£)ubile5S  also  In  opemtioti  in  the  bowels  of 
earth.  In  die  intricate  and  infirulely  variegated  chains  at>d  fijsu 
through  which  water  is  falling  and  gaaee  eollecting,  the  priiioiples  of  ' 
maehines  must  necessarily  be  often  excited,  and  nii  scales  «  laugticcuid 
calotlated  to  strike  us  with  awe.  It  is  not  itnnmbable  that  some  of  duae 
horrililc  «rnplio«*  mi-iitiimtrd  In  bintory  ai>d  iilnent  that  have  ncourrnd  at 
■ea  without  human  wiliiesnet  wwro  ofTccted  by  machinery  of  this  ds scrip 
tioii.  The  »ubai)ueous  eruption  which  oeciirmd  on  the  snuth-woat  coMi 
of  ItalVt  i»  Iti^I,  was  ]>robably  an  example.  A  column  i>f  water,  fiW 
yards  in  eircumforence,  was  forced  to  an  elevation  of  aixty  feet,  aad  an 
talaiid  formed  of  the  iiolid  materials  displaced. 

But  natural  devices  are  not  confined  to  such  as  raise  licjutja  li>-  the  mo- 
menlum  they  acquire  in  flowing  through  tuties,  or  oitclllating  in  wai 
nor  by  the  hydrnstatic  pressure  of  one  volume  transmitted  by  ra«ians 
airs  to  Another.  Thero  are  some  in  which  water  is  raised  by  solar 
Tho  liquid  is  converted  into  steam  or  vapor,  in  which  state  it  is  rend 
lighter  than  air,  and  consequently  ascends.  This  may  be  considered 
nature's  favorite  plan.  It  is  in  operation  evetywhere,  and  always.  By 
water  is  drawn  from  every  part  of  the  earth's  surf&ec — both  *e*  and 
and  by  il  oceans  of  the  liquid  arc  kept  suspended  above  us  tn  the 
of  clouds,  until  it  again  returns  in  showers  of  rain  aiut  drifts  of  hail  anJ 
•now.  Of  the  quantity  thus  elevated,  we  may  form  some  rude  idea  fron 
the  calculations  of  Hailey  respecting  that  drawn  daily  from  the  surftee  of 
the  Mediterranean,  viz.  betwi^en  five  and  six  millions  of  Ions  I  a  result 
which  he  deduced  from  experiments.  Every  person  knows  that  eafttlt 
rcquiro  an  extra  supply  of  water  to  meet  the  expenses  o(  evaporatson. 
By  experiments  on  the  canal  of  Languedoc  in  France,  the  aimaal  v[att- 
dty  thus  home  off  was  found  to  be  nearly  three  feet  in  depth  over  as 
whole  area.  Clouds  of  vapor  or  steam  are  oficn  observed  unging  over 
marshy  ground,  until  the  wind  rites  and  bears  ihem  away.  In  hot  s 
•Ofls  copious  steams  may  l>e  seen  ascending  jaxt  after  a  shower ;  bm 

reml  aqueous  vajwr  thus  (i!;enptM«d.  W  wwwl^V  u  it  ts  im^pa^ 
Jear  weather,  we  are  tw«.  aeT\5\Vi\B  oK  "\\»  yvts»««««  o*  dl «»  www 
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We  lit^mlly  livt*  in  it,  w  itt  the  spray  of  a  rannUun,  but  our  peroepbona 

are  ton  ^rrnui  U>  Aitft^ci  it. 

Uiiw  ftinipio  is  Uii*  mode  of  nising  wntor,  uiid  yd  how  itffrcliTo !  How 
ulcntJy  liot'ji  ii  work,  luid  ywt  how  suro!  In  it«  Ui|iiiiJ  »tJttP,  woacr  is  loo 
heavy  u>  bt>  *u»pcnili«d  in  tlui  tirnmiiK-ut ;  tirnctf  ihi;  Orvutiir  lia«  mide 
tbui  firovuuon  to  ulli-iiuHtt;  lU  nnrlicU*!  )>y  tipat.  [l  t^i<:fii  rises  upwArda  of 
its  own  KCCord^nocfM^r  uhtr^^lx  ikm*  cnuikii,  piini[t»,  piatums,  piprs,  nor 
even  power  u  r«(]uirt.-d  lu  nvtul  IJicni  up,  or  to  knvp  thvm  t)i«rt: ;  and  y«t 
bilbuas  ol'  touK  nre  r:»iri)f  ttvtury  bour,  uid  iiccuiituluing  Iti  maa«o«  so 
ffTGAl  as  to  Wlilu  lati^'uu(i;e  10  describe  or  lliougtit  In  gnuji.  And,  what 
IS  e(|aA]ly  rtmarkEible,  neither  clatenui  are  roi|uir(Nl  iii  couUiin,  nor  cvn- 
duiu  llirougli  which  tt>  foiivey  iheoi.  The  |ihenunieii»n  Leaches  us  how 
m  heuvitir  Huid  may  Itc  suapcndtHi  t»  a.  lighter  one,  and  llial  tlie  propuisition 
of  Water  being  800  limvs  heavier  than  air,  is  only  conditionally  true^ 
depending  morely  upon  the  slate  in  which  iboae  fluids  are  ordinarily 
cxuibilcd  to  us.  To  increase  our  admiration,  the  salt  water  of  the  ocean 
U  during  the  process  of  ele«atiun  distilled  into  fresh,  thus  Airiushing 
among  utJier  suggestions  chat  by  which  navigators  hare  otien  adopted  to 
austaio  lif><  in  the  extreinitles  of  thirst. 

Water  is  also  conlinually  being  converted  Into  vapor  and  urged  into 
■lie  atntosiiherv  by  sublerranean  heat.  Dur  planet  muy  be  considered, 
as  inde«d  it  was  by  the  nitcipnts,  as  a  cauldron,  in  which  steara  is  gene- 
mled  by  thtme  fire*  whose  Hues  are  volcaiios.  Oceans  of  the  liquid  are 
incessantly  but  silently  thrown  up  from  this  cause.  But,  us  might  be 
ex|»4»rted,  fri>m  llie  inlricsle  arrangement  of  internal  chanilieni  and  channels 
ot  comniunicatiuii,  tii-nni  must  ctften  accumulate  in  cavities  iinm  itaelaslirity 
drive*  up  the  water  that  seals  tbo  passage  to  the  surHicA.  Hence  Iwiltng 
and  thennal  Hpringa,  and  hence  also  (he  hot  s[>ouiing  springs  of  Iceluno. 
Accordiug  to  Olui»en,  u  Danish  traveler,  one  of  the  (jeywrs  exhibited  a 
jet  n(  one  tiiue  19  fnet  in  diameter  and  360  fenC  high ! 

Modern  authors  explain  the  phttnonienun  of  eartiK|uakes  by  tlie  acco- 
mulation  of  ateain  in  the  iK>wel>  of  llw  earth.  Plutarch  savs  tlie  Stoic 
philiiftophers  did  the  same  ;  btit  hing  iM^liire  Zeno  ap|ieared  the  opinion 
prevailed,  and  caused  the  epithet  *'  «h<iker  of  the  eurlli"  tu  be  ^iven  tx> 
Xrptm»e.  The  mechanical  us  well  as  chemical  ii|Mfmtioiui  going  on  within 
the  earth,  ore  wonderful  in  their  uature  and  terrible  in  uxlent.  Well 
icighl  nivthulugisls  locate  tlie  workshops  of  the  gods  there,  and  place  the 
for^L-d  u\  Vulcan  and  the  Cyclop*  nt  the  base  of  volcanos. 

Or  roi»trivauces  for  raiting  liquids,  as  developed  in  the  organixalion  of 
animals,  we  took  some  notice  in  the  second  and  third  books.  Most  if  not 
all  of  them  may  be  considered  modiHcations  of  bellows  and  piston  pumps. 
In  Uie  vegetable  kini^dom,  other  devices,  and  such  as  are  based  on  other 
prinriplfit.  ure  in  active  operation.  This  poiiion  of  creation  oxhibits  in  a 
striking  light  the  imt»ortant  part  which  devices  for  raising  water  perform 
io  the  constilutiun  of  our  globe.  Every  tree  and  every  plnnt,  from  the 
towering  ctidar  of  Lebanon,  to  the  hyssop  that  spriogeth  out  of  the  wall, 
frnm  tho  wide>epreading  banyan  to  a  whoaten  straw  or  melon  vine,  is  a 
mUunil  pump,  through  whosie  tubes  water  is  drawn  frmn  tlie  earth  or 
imbibed  from  the  air. 

There  IS  something  exceedingly  pleasing  and  sublime  in  thn  contempla- 
tion of  the  fjrowlh  oi  ve<^etabt«s,  ihe  gwniiination  of  seeds,  appearance  of 
sprouts,  itfvehipnMrnt  of  stvm«,  bmnchus,  leaves,  buJii,  btusiuims,  flowers, 
and  fruita^their  variegatetl  lurins,  dimi^naiunn,  movements,  colors,  and 
odlira.  Some  ihtdoiui  who  h.ive  itever  luriieii  Oieir  sitention  lo  this  subject 
till  ihv  weiung  of  tbcr  days,  havu  been  a«tuniabtHl  at  tiie  wonders  which 
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bunt  on  their  view.  A  new  scus  of  exUtene*  wnwJ  to  op«o  npon  Aml 
Their  pcrcoplinn  and  ealimatu  or  things  were  ebuigail.  tn»irsd  of  cor- 
cid«riitg  the  worU  as  calcuLatud  onl;jr  for  whu  nan  too  ^nurally  tmiLnt 
it — a  scene  for  iho  diaplay  uix)  graclieauan  of  the  man  grovefior  ud 
•orJid  passions,  tliuv  lind  il  a  llieouv  crowded  with  unctianting  ■(irauaaM 
ol*  the  Cri'ainr'fl  dkiLl,  the  siudy  of  wliteh  imparts  ibe  dweeieftt  pleunrr, 
and  the  knowledge  of  wAich  constitutes  ilie  greatest  wealth. 

Thoao  pious  but  miitutken  people,  who  tnceuantly  murraur  agmhu>t  lbs 
world,  and  long  to  dupart  frora  *'  this  howling  wiidemosa,"  a«  thejr  ar« 
picuud  to  ttirm  it.  reproach  their  Maker  by  reviling  his  work.     They  ar« 
wailing  for  futaro  displays  of  his  glory,  and  neglect  those  nvidnne  nam 
hw  wlitch  tltey  ore  surrounded,  lurgetung  that  "  ttie  wbol«  earth  ts  mil  tt 
his  glory" — looking  for  sources  of  pleasure  to  come,  and  eloiiae  tlw 
eyes  on  those  before  them — thirsting;  for  the  water*  of  heaven,  and  drtpis^ 
ing  the  Itrins  rounlaina  which  the  Fattier  uf  all  uitcllecu  ha^  upttnad  fbr 
them  on  earth.     They  seem  to  iliink  )iappine«8  hercafler  will  not 
upon  knowledge,  or  tliat  knowledge  will  be  aiH]Uircd  wiihuut   v 
kind  of  [(UdTive  etijoyment,  independent  of  the  exercise  of  thvir  iuic 
or  HpiritU4l  energies.    But  they  have  no  grouttd  u>  hope  lor  any  aueh 
Rcasoniog  froDi  analogy  and  the  nature  of  mind,  the  happiness  of 
must  consist  in  being  imbued  with  a  love  of  nature — in  coutcmplsting  tMi 
wisdom  aud  other  attributes  of  the  I>eiiy,  as  they  are  unfolded  in  the  wei  ~ 
of  creation.    In  witai  elw  can  it  consist )    It  is  not  probable  that  human 
finite  beings  of  any  class  can  ever  know  God  except  through  th«  metfii 
of  his  works. 

It  is  admitted  that  the  study  of  nature  is  a  source  of  frzt|ut«iui 
to  intelligi^>ni  beinf;*,  and  the  most  refined  one  too  Uiat  the  mind  can 
coire;  it  is  also  one  that  ran  n<^v«^  be  exhaosicd.    Thoao  persons,  therrfb 
who  take  no  pleft«ure  in  fxaminin^  the  works  of  cscation  here,  ar»  lit 
prepnrcd  to  enter  upon  more  f^xtensire  and  scnilinisine  x-icws  of  thrm 
iith«*r  worlds.     If  they  have  no  relish  for  an  acquaintance  with  th» 
tor's  works  while  they  live,  they  have  no   right  to  expect  new 
them  after  death.     The  works  of  God  are  all  perftct :  those  in  this 
OS  well  as  those  in  others ;  and  he  that  can  look  with  apathy  on  a  t 
or  a  rose,  a  passion  flower  or  a  lily,  or  any  other  prodncttoo  o^  a  flo 
garden  or  a  foreJi,  ha»  not  Wgun  to  live.     Besides,  we  are  not  sur* 
other  worlds  poesess  more  captivating  or  more  ennobliitg  sutHMta 
contempUtion  and  recearoh — more  thrilling  proofs  of  the  wiaaan 
iMneficenoe  of  God. 

The  circulation  of  gap  {sometimes  called  the  MxNf  of  plants)  it  on* 
the  most  interesting  of  natural  phenomena.    It  '■a  connActed  with  sovB* 
the  most  delightful  feeltnn  of  our  nature,  and  with  the  activity  atid 
of  the  brute  creation.     When  in  spring  its  action  commences,  a  «»rm 
of  buoyancy  pervaderf  all  organined  beings.     The  earth  begins  to 
her  richefit  attirr — her  inhabitants  rejoice  in  her  approaching  splei 

exult  in  view  of  the  feasts  preparing  for  them.     On  the  other  hand;.' 

in  autumn  her  frt^shness  fades  and  her  glory  withers,  all  fi-oi  ih*t  ckafti 
How  infinitely  varied  are  the  effects  of  sap  snd  the  energy  of  lU  mo 
ments  !  Koanin^  to  the  summit  of  the  tallcoi  trees,  and  hngerin^  in  the 
grass  of  oar  meadows — shotiitng  up  perpendicularly  in  the  poplar  and 
pine,  horizontally  in  the  branches  of  the  baobab  and  oak,  and  dearvfid-  I 
xaa  in  those  of  the  Indian  fig-tree  and  willow.  In  9ome  plants,  aecuBn^_J 
'ating  chiefly  in  their  roots,  as  in  tht?  turnip,  radish,  and  potato,  aiiHl 
emer^no'  aliove  ground  in  cncuTOWr*  axiA  TO«V>t\* — ««<&»,M\<cs-i  ^x^Jjier  Is*'! 
(he  hushes  of  currants  at*d  goowWrrxea.  aT\4  c»n^w%  wmw  ^tiw  w  vj^ 
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'""triroet.     B^  wbai  wotHlerFul  proceae  w  eap  dUdlliKl  into  liquid 
the  awple,  uid  inio  wine  in  die  grapol     Uovr  is  it  flabonited 
i''iit9   of  overy  iUvor,  aoU  «xlwl««l  in  |>urfuii)os  irom  awooc  sccnuid 
'ft,  aiHJ  in  vi-hnt  mantHT  doM  it  oooiribuis  tw  pnxluco  uvury  inmginmble 
color  anil  liat  iu  Aowen  I 

■B,v  wbat  nwuu  Joes  sap  form  a  natunl  vsae  ia  ihc  jritchrr  plant,  and 
ihen  vptcr  it  m  limpid  Wktcr,  aloog  willi  rain  snd  dew  t  This  singotor 
production  uf  tlic  vegtitubltf  kingdom  coUocts  watur  Trum  the  imrtli  and 
aim'^Eipher«>  in  vessels  of  the  same  consintonce  and  color  u  the  leaves. 
£scti  pitrher  is  stren^lti-nvd  by  a  lioup,  unJ  fumiabcd  with  a  eovur  or  lid 
that  tortu  on  a  tiliroun  hinge.  When  dew  ur  rain  fuUit,  tliia  cover  opens; 
Mod  aa  a'lon  lut  the  ueatlnir  clears,  it  clucies  and  pruvenla  the  water  ihnt 
entered  from  being  wu»lt?d  hy  evaporaiion.  Thera  an;  otJier  plaui^  which 
■tore  up  water  much  in  the  same  way.  Such  were  tiie  reodo  that  relieved 
AJvorado  (one  ol*  the  con<]nerors  of  Peru)  and  his  DotnpantonB  Inini  puriah- 
i<ig  of  ihir*t.  Garcilasso.  in  his  Commoiitaries  uliserves,  "  Tho  infor- 
mation ihny  hod  of  the  water  was  from  the  people  of  the  country,  who 
l^dtid  them  to  the  canes,  sotne  of  which  contained  nx  gaUatu.  and  some 
mure." 

We  know  that  ihc  juices  of  ptnnts  cannot  be  rai»cd  without  tbrcc,  and 
that  this  forc«  must  be  increased  with  the  elevation  to  which  the  liquid  is 
to  b«  lihed.  Animals  exert  a  muscular  power  in  working  the  pumps 
ibrmed  in  their  bodies,  at>d  thew!  machines  they  put  in  motion  at  will. 
This  is  not  the  case  with  vegetables :  yet  sap,  the  pabulum  nf  itieir  life, 
is  elevatfd  to  the  tope  of  the  nigheu  trees,  and  appamnily  with  the  xamo 
facility  as  it  is  diffused  ihmugb  micn>scnpir  plants.  That  the  force  by 
which  thi«  is  done  is  not  lau:nt  or  negative  in  itJt  narnre,  is  clear,  since  it 
may  easily  he  rendered  manifest.  Cut  a  branch  Irom  a  vine  in  the  sfrring 
when  the  sap  is  rising,  and  airctch  a  piece  of  India  rubber  over  the  end 
of  the  part  that  remains,  secure  It  by  thread  wound  round  the  sTump,  so 
as  to  exclude  the  air  and  prevent  the  wound  from  healing.  In  a  little 
while  the  cnoutcbnuc  will  be  swelled  or  bulged  out  by  the  exuding 
fluid,  and  it  will  continue  lo  swell,  however  thick  it  may  be,  till  it  bum. 
A  few  years  ago  we  treated  in  this  way  some  branches  of  an  Isabella 
vnpe  Tine,  and  afterwards  applied  to  one  nf  them  a  close  vessel  contain- 
irur  mercury,  in  which  the  lower  end  of  a  long  glass  tube  wa*  immersed 
With  a  view  to  measure  the  force  exHied.  In  four  Hays  the  mercury 
rose  36  inches  in  the  tube,  being  pushed  up  by  the  sap  which  took  ita 
place  in  tbp  vi-vxti] ;  nnd  but  for  hm  acciilml,  by  which  the  appatatus  was 
broken,  it  wottUl  prolmbty  have  aurended  itlill  higher. 

But  ttii«  force,  great  ax  it  was,  ■«  small  when  compared  wilJ)  that  which 
seiuU  thi-  Ihiid  through  trees  thnt  grow  on  the  Australian  continent  and 
island*.  .Some  of  tbe>r  rcwmble  single  tubes,  and  are  filled  with  n  semi- 
fliud  or  Mill  pith.  Tasnian,  the  discoverer  of  Van'Dicraan's  Laud,  found 
trees  ihern  whnae  lowest  brandies  were  between  60  and  70  feet  sliove  the 
irrouod.  The  French  exfK-dition  sent  in  search  of  the  lamented  Perouse, 
found  nn  Cocns  island  »  tree  nearly  100  feet  high,  and  only  three  itcket 
in  diameter.  It  wmk  of  so  ban)  a  texture,  that  it  resisted  at  first  the 
hnnvipst  blows  of  an  axe;  a<i<l  when  the  pith  was  taken  out,  the  thick* 
netit  of  the  wood  did  not  uxm-d  |^  nf  an  inch— foriiiing  a  perfect  tube. 
But  this  tree  was  i>nly  half  the  height  uC  somr?  ottters  in  tho  same  regions  j 
for  several  were  M*en  wlinse  >j iniii>!ier*  were  "ply  seven  or  eight  ineltefl^ 
ami  «'l>n»»»  to|»  lowfTi'd  upwards  nf  200  feci  above  the  earth  !  The  force 
:  elevattnn*  m  wonderful  indeed  ;  and  could  it  be 
<>  agent,  it  would  be  rvsisUesa  as  atiiam.     It  might 
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bo  lOppoeed  tbal  a  force  »0  ener^bo— nT)«  iliat  would  ntpCurv  p<pa 
wbicli  convey  watur  to  our  dwelling)! — would  rund  asundvr  rouu  of  Ok 
delicate  pores  through  whivli  it  inrcrilMie* ;  nnd  io  it  would  were  out  (beir 
(Uameter  eo  exceedingly  siiuUL — inr  the  strangth  of  tubes  iocroasci  astbei 
bore  is  diminishi^d. 

Tbe  avcunl  of  «n{i  bus  Iwen  t!xp]ain«d  \>y  JBnitotfiwsi*,  or  tnuisit  of 
through  porvB.     Sttf  iwy  iuterealiiig  pMpurs  on  tbia  subject  ia  the  J 
of  the  Franklin  Inntitule,  voU.  xvii  and  xviii,  hyJ.W.  Draper,  dow  Pnrf 
of  Chcmirtry  in  the  New- York  Univcrgity. 

IVatrr  Spotlit  coimttiute  a  peculiar  clnaa  of  nature's  contrivanoea  Sh 
xv»\ns  wMf-r.  Electricity  is  8Up[io«ed  to  have  a  coalrolling  influenca  ia 
their  lorraHtion;  but  Ute  mode  by  which  it  acts  is  not  c]<^arty  uodemootl, 
Mori!  watar  in  drawn  up  by  iJiem  wittiin  thf  SKine  space  of  lime 
any  other  ratuntl  dtfvice.  The  lujutd  HT>|K-at8  Ui  bo  borne  up  tlw 
nkechanicalty  a«  nolid  substances  are  raised  by  whirlwinds,  CKCvpt 
It  u  broken  by  laaitAcs  of  air  rushing  into  and  mixing  with  ri.  t 
arriving  nt  the  top  of  the  suout,  it  t!i  disftenwd  by  lateral  currents  of  win<}. 
A  drop  of  water  suspended  from  the  cnrwluctor  of  nn  elecirilying  ni4cbuie 
ia  supposed  to  exhibit  u  miniature  water  sjiout.  When  a  veasel  of  Wtiv 
is  placed  under  it,  and  the  machine  put  in  api-'rauon,  tho  drop  usaiDai 
the  various  appearances  of  a  apcut  in  its  rise,  form,  and  mode  of  diMp- 
pearance.  Clouds  act  aa  cialema  in  holding  witter  raised  by  evapnratioo ; 
but  in  water  spouts  they  |M>rforiii  a  more  singular  tiart,  since  ihey  an 
moulded  into  visible  pipes,  through  which  volumes  of  liquid  aro  oonvMi 
as  securely  as  through  those  made  ofaoli*!  materials. 

Although  the  rise  of  aap  in  trees  is  attributed  to  endoamoeUt  linn 
reaaoQ  to  believe  tbat  capillary  attradiim  takes  part  in  the  |iiiwow, 
well  aa  in  &  lliousand    other  operations  of  tiaturo.     Wbcn   one  em)  of  a 
■mall  glass  tube  is   placed  in  water,  thL-  liijuid  rices  within  it ;   and  the 
height  to  which  it  ascetnls  in  different  lubes,  is  inversely  as  their  diamc- 
ten.     The  phenomenon  it  more  or  less  common  to  all  liquids  wheai^ 
tube*  dipped   in  tliem  are  made  of  such   matunals  as  ihey  rcadil; 
with.     This  condition  is  necessary,  oilicrwisc  the  liquid  would 
pressed.     Water  rises  higher  than   other  liquids  in  glan  tubes  ; 
tbete  instruments  are  transparent,  they  are  always  adoptod  in  cxpori; 
on  this  subject. 

The  phenomenon  of  capillaritv  has  exercimd  the  ingenuity  and  kiar»- 
ing  of  the  most  eminent  philosophers,  nnd  various  are  llie  causes  to  which 
they  have  attributed  it.  Some  supptMed  the  altDMpbenc  pressure  I 
within  the  tubes  than  without.  Others  ima^ned  an  unknown  lluid 
culadng  through  ibem  that  bore  the  liquid  up;  and  some  aaeribei)  it 
moisture  on  the  inside  of  the  tubes.  An  aUractivt*  force  existing  betwevn 
the  glass  and  the  water  is  now  raore  generally  admitted :  anil  beitoe  in 
tubes  of  very  small  bore,  it  is  said,  the  glass  being  itearer  the  water,  at- 
tracts it  more  powerfully,  i.  e.  mises  it  highei^— other  writers  think  \~ 
effect  is  doe  to  electricity.  The  subject  is  admitted  to  he  an  inlricvte  o 
and  the  rasoner  in  which  it  has  been  bmdied  by  scientific  tnen.  has 
rendered  it  very  acco«sibI«  to  ordinary  readers.  Without  looking 
ultimHtc  causes,  the  phenomenon,  like  tliat  of  an  increaaed  diacba 
through  diverging  ajutages,  may  be  traced  to  the  relative  properties 
tho  liquid  and  ihe  material  of  the  tube,  and  to  the  lorc«  wtth  «r)ao1b 
particles  of  liquids  cohere  among  themselves. 

Capillary  attraction  is  exhiljtted  in  a  greet  variety  of  forms.  Fartii 
of  Water,  hkc  those  of  aU  otlwr  \\t\«ni,».  Tw\.vwn  simvc  ^xtia  to  *e^] 
them.     A   needle  or  film  ot  le*A  is(V\\«  Afj.  WA\  ^am.-,  ftn^  wv-j'v.^S* 
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fiaU  c*rc«r  on  the  auHace  of  a  pond  *»  securoli^  as  on  land.  Sainv 
|uu1j)  are  rucid,  and  may  W  drawn  iiiio  thrc&da;  and  erfrn  water  may 
Ihj  unHcbed  into  sheets  ere  tfs  substance  l<c  broken:  hubbies  produoet) 
•during  rains,  and  thos«  pellicles  Bomeiimci  farmed  over  the  mouth*  of 
jmall  v-iaU  and  the  interstices  of  sieves  arc  examples.  Water,  moreover, 
id  common  with  other  Huids,  unites  with  some  substances  more  readily 
ihau  with  others.  It  does  not  combine  with  oib,  nor  adhere  to  suhatances 
imprei^'nitted  with  greaae.  Hence  umbrellas  and  waler-proof  dressea  arv 
m&dc  of  oiled  silk  ;  and  rain  rolls  otT  the  backs  of  ducks  and  otber  aquatic 
birds  without  wetting  ihem,  because  these  fowls  dress  their  fealliers  with 
an  unctuous  fluid  which  their  bodies  secrete. 

When  a  vessel  contains  a  liuuid  that  readily  unites  with  it,  the  liquid 
stafKls  higbeal  ui  tlic  edges.  Thus  in  cups  nf  ten  ur  tumblers  of  wuter, 
Uk!  tluid  climbs  up  agamsl  the  sidej  until  it  id  ronstdcnihiy  ele^'nted  above 
the  generiJ  levcL  This  is  observable  with  milk  in  a  pot,  pitch  in  a  caul- 
dron, od  In  cans,  mercury  in  vessels  lined  with  an  amalgam ;  melted  tin 
in  tinned  iron  or  copper  vnscoU,  and  fused  brass  in  an  iron  ladlv  whose 
interior  hu  been  coaled  with  the  tilloy,  ax  In  the  pmcesa  of  bard  soldering. 
If,  on  the  other  hand,  a  liquid  hns  no  ullinity  for,  or  will  nut  unit«  with 
the  substance  of  which  the  vesael  i»  made,  an  ffl«tct  ihe  reverse  is  pro- 
duced ;  that  is,  the  liquid  is  depressed  at  the  Hides,  as  when  merciir^'  is 
oootaini'd  in  a  vessel  nf  gla«s,  wckmI,  or  earthen  warn  ;  nr  Rven  in  one  nf 
Dwtal  not  lined  wilh  an  ainal^iin,  or  with  which  thi-  mercury  cannot  fiirm 
pne.  The  »:ime  thin);  ncrurs  to  fuaed  brasa,  ur  Iviid  ur  tin  in  cruciblea,  to 
wrater  in  greasy  tubes  nr  dishes,  icc. 

The  aami*  thing,  in  nmilhur  furm,  occurs  with  droj^t  of  liquid.  When 
-water  w  sprinhlrd  on  a  ^reaxv  surface,  the  particles  remain  separate  liow- 
evor  near  to  e«ch  other.  By  blowing  against  them,  they  may  be  n>]lcd 
over  the  plulw  on  which  they  rest  without  leaving  any  portion  liehmd ; 
but  if  the  sulMtHnce  on  which  ihey  are  dropjivd  coinMni?  rvndily  with 
Tnoislure  llieir  iij^ure  in  changed  ;  each  becomes  fattened  by  Npreading, 
ao  that  two  adjacent  drops  quickly  run  to^retlier.  A  drop  of  nil  or  «peck 
of  grease  makes  a  '^''K'*  alaJn  on  a  lady's  dresa  or  a  marble  table.  Quick- 
ftilver  will  not  unite  with  marble,  but  a  amall  portion  droppetl  on  a  she«t 
pf  tin  will  spread  over  it  like  water  on  damp  paper.  A  portion  of  lin> 
ntMii's  ftulder  kept  in  fusion  on  clean  plates  of  tin  or  lead  spreads,  and  is 
abaorbed  in  like  manner.  When  ink  is  spilt  upon  unaixed  paper,  the  tal- 
ler ia  stained  to  a  considerable  extent:  round  each  drop  a  broad  ring  of 
moisture  is  formed ;  the  darker  and  grosser  particles  remaining  as  a 
nucleus  in  the  centre. 

The  ditferent  fortiu  which  drops  nKsume  when  pendent  from  solid 
bodies,  are  govorned  by  the  parts  with  which  they  are  in  contact.  When 
iwater  le  sprinkled  on  a  pUle  partly  covered  with  frrease,  those  particles 
that  fall  on  (hf  clean  parts  resemble  very  Hat  segments  of  spheres,  white 
those  on  the  creased  parts  are  larger  portions  of  sinaller  spheres  ;  the 
liquid  in  these  swelling  out  almve  the  bai^e  on  which  ihey  rest,  in  pre- 
ferencp  to  extending  itself  like  ihe  otherfl  up^m  it.  A  drop  tianging  trom 
the  point  of  a  wire  is  elongated  verticnlly— if  held  belwei-n  thf  finger 
and  thumb,  it  may  be  stretched  out  horixuntalty.  If  Mus|tended  in  a  ring, 
its  upper  surface  betiomes  hollow  and  its  lower  one  convex,  forming  a 
lpeoie«  of  liquid  cup,  and  supported  somewhat  tike  the  diahes  which  cne- 
mietfi  hang  over  lamps  in  moveable  rings  of  braiw.  A  drop  of  liquid  in  a 
capillar^'  tube  ia  thus  supported  ;  the  tube  being  nothing  more  (ban  a 
"eop  ring. 

Tho   qwtnMy  aX  liijuid  contained   m   pendent   dropa  varies  with  Uie 
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extent  ofaarfacv  in  contact  w-ith  (h«  suppuning  bodv.    Wbrn  miv  is  wsiH 
ui  f«ll  from  an  iDcliiutd  iL>l>}Rct,  m  lh«  huttmn  of  a  Lucki't  or  m.  U'b 
may  be  retained  hy  riiiLktri^  On!  btittntn  Kpjirouch  afATxnr  lo  a    lov' 
fluid  tben  spruuls  and  liouU  l>y  u.  Urgi^r  nurfiina.     This   ia   i)lu«t' 
tbe   caw   of  ravt^b  :   Un-[>late  workera    comxiumiy  tmkv    up  sc>ltli>r    < 
race  of  t)i«ir  iron*.     Thtt    under  oidea  of  tli««e  intaruitiKiiu  u«  tr.  m , 
and  being  placied  upon  the  mela],  a  larger  or  aninllvr  portiim  is  m 
and  Imrne  iifT  at  nlenaure.     An  equal  ijuantil}'  ofwatvr  muy  pTiA'<- 
thua  auspvndcid   from  a  plane  surface,  aa  wil)iin  a  cylindar  of  Um  »«>» 
area. 

Numerous  tacti  show,  that  when  not  pulled  dowTi  bv  (fravit^,  liqwib 
diflcue  iheniMlves  uniformly  on  aubatnitcea  witb  which  tliey  coinbiiHi->w 
much  upwards  as  downwards.  Small  dropa  of  water  or  ink  diuM 
against  vertical  sheets  of  paper  equally  extend  thetnselrira  iVom  iJw 
centre.  We  are  »o  much  in  the  habit  of  contomplatine  fluids  in  maasa, 
where  gra^Htation  greatly  preponderates,  that  wo  ovenook  thia  propar^ 
in  ihem,  or  do  nol  suspect  iu  existence.  The  observaltun  thai  water 
never  rung  '*  up  hiU"  is  proverbial,  but  it  is  not  curreet.  Examples  nti^t 
be  <]uoted,  in  which  it  prefers  to  ascend  an  inclined  plane  to  going  tiawn 
onc^to  rise  in  a  wet  chaime),  than  descend  in  a  dry  one.  Take  a  dry 
piece  of  glaja.  or  china,  the  blade  of  a  knife,  or  the  boltotn  of  a  aaucxr,  or 
almoM  aiiy  solid  material,  and  dampen  or  slightly  wet  a  part  of  it :  plaoK 
a  drop  of  ink  or  water  near  ihe  edge  of  the  wetted  (>art,  then  tnclina 
•aucer  BO  that  the  drop  may  he  beneath,  and  make  a  channel  of 
muuicaiion  between  them,  by  drawing  with  &  poiniMl  instrument  a 
streak  of  fluid  from  one  to  the  other.  The  innairt  this  is  done,  i 
rent  will  set  up  with  consideralile  Telocity  from  the  drop  into  tlie  tiiia 
sheet  above. 

I'his  effect  takes  place  on  wood  and  on  metals,  and  even  pi^icr.  PfB> 
men,  who  have  their  paper  inclined  towards  thom  often  witneM  tba 
ex|H>riincnt  in  another  form,  especially  when  they  make  the  bottnn  of 
their  strokes  thicker  than  the  rest.  The  ink  may  ihvn  be  stwn  In  ascend 
from  the  bottom  iipun  the  removal  of  ihe  ppti.  This  takes  plnce  if  thv 
naprr  lie  held  vertiatlly.  Again,  when  a  large  dr*.ip  of  tnk  falls  on  a 
fxmk.  it  i«  cuiilji>mfiry  u>  nhiike  out  that  which  remains  in  the  jwn,  and  ta 
phtce  the  latter  over  (he  rlrop  as  in  the  act  of  writing ;  upon  which  a  baft 
portion  nf  the  Uiiuiil  <?ntrr«  the  (]ujll.  This  is  then  shaken,  and  the  oners- 
lion  renewed.  Here  the  priiu-iple  nf  diictribution  again  appeara. 
19  a  surplus  below,  and  a  delirienry  (or  less  depth  of  it)  above,  m^  ;:.- 
liquid  ascends  to  produce  an  equilibrium.  Were  the  pen  fully  eharpd 
with  ink  l)efore  applied  to  the  drop,  it  cmild  take  notKi  from  the  latior. 

Other  examples  of  the  ascent  of  ll<]uids,  and  oven  of  solids  affaiaM 
gravity  arc  familiar  to  some  clasics  of  mechanica,  but  not  to  all.  VtHKO 
two  sheets  of  dn  plate  are  soldered  to^iher  in  an  inclined  po«itii>o.  saaD 
pieces  of  solder  laid  near  the  lowur  edge  nf  the  joint  are  drawn  up  undaT 
tlie  face  of  the  iron  as  aoon  as  the  fuseif  majM  touches  them.      Illnsti 

of  ihw  occur  in  whatever  position  the  joint  may  \k*.     Tl. 

common  in  Aard  toliltrittg.  fitf  c<»ppor  and  silversmiths  r.  .  _ 

their  joints  on  the  outnde,  so  that  the  solder  ia  below  ur  nutt.!,  tu  the 
when  fused. 

These  experiments  arc  all  Ijased  on  tlie  same  principU's  as  the 
of  water  in  capillary  tubes.     We  see  that  when  a  ma*"  of  iMpiJ  (»li.i 
resting  on  a  plane  surface  or  enclosed  in  a  cylinder)  ta  eon 
short  channel  to  a  thin  sheet  nf  tW  «n^ine  aubstanoe  above,  a  t  -        .    -ii 
auus  below  will  aaecnd.     TVe  c^ianncWx  iino\A\>i«i  KnMKniiNn<ai\  «  ^%Mjk. 
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one,  for  neither  wutur  nor  any  ocIilt  Liuuid  wiU  [hut  rite  excepi  in  chafin«U 
«f  (he  same  iitbitanc^  oa  iIiuiiimIvcs.  Thu  f  flcci  does  noi  iliereiore  appear 
to  be  due  wholly  to  the  maiensl  ihat  •uttaiiii  the  li«]uid,  but,  to  «ome  ex- 
t«nt,  to  that  force  by  wliich  pttrticleit  of  maner  congregate  with  their  kiod 
in  prrfervnce  to  mingling  with  otht>r».  The  aqueoiu  vapor  Hoating  in  llie 
■tiDQsphere  motSMMB  more  or  test  the  eurfBOea  of  all  bodie*.  GloM  tubM 
•TV  oitttfd  with  it ;  but  if  a  capillary  tube  prerious  to  its  use  was  not  thiu 
prwpan^d.  it  bccomea  so  die  instant  one  end  is  immerKd  in  water — a 
■trvam  of  vapor  {though  not  obvious  to  sight)  ih<-n  puMes  through  it ;  th« 
whole  interior  ie  thus  coated  with  vquooiis  moleculnr  accumulsling  upon 
it  at  inoeiutililv  diefuices  from  each  otnur.  and  thu«e  aJjacvnl  to  the  Kurfacw 
of  llie  iHiuid  upcratv  to  solicit  its  awtint  through  \he  channel  tlius  preparttd 
for  it.  The  lucent  of  vapor  under  Uiete  circuinslaiiccv  i»  unlimit>N],  but 
that  of  a  lh|uid  column  is  saonarnuted.  Tliiit  however  Jo^h  ikiI  prove  ihut 
the  force  exciltxl  is  titKutlicii-iit  to  m»e  li(]uid«  to  great  eWvatiitnH,  ))tit  thai 
it  b  the  volume  which  dvteruunes  the  height.  If  the  quantity  Ik-  indeli- 
niicly  small  it  vrill  be  ruined  iudetiuiiely  high.  Ejtpenmenis  so  far  as 
ihey  have  been  made  prove  tliU  ;  but  aa  the  finest  of  anifirial  rul>es  arv, 
when  (jotDparvd  (t>  culture's,  b«  a  matt  is  to  a  needle  or  a  cable  to  a  throtd, 
tbc  ascem  of  liqtu  Ji  m  tlitMii  must  L£Ci:fiSarily  be  very  bniilcd.  As  long 
•a  Um  lujuid  column  can  lui  Bustaioed  by  adhcwuu  lo  the  »id(-s  of  a  tub« 
it  wilt  rise,  but  when  the  weight  of  tm:  central  parts  (which  not  being 
«tuefaed  (o  the  tube  aru  aiutaincd  by  coheeiou  uloue)  exceeds  this  foree, 
tho  naveni  ceases. 

The  force  with  wliich  particles  of  some  fluids  cohere  is  so  ener^tic 
that  they  present  the  singxilar  ipucucle  of  liquid  rods,  pendent  like  icicle* 
or  sinlactiies.  Wlien  one  of  thoHC  rods  is  broken  an  interesting  contest 
between  gravitation  and  cc^eaiou  takes  place,  during  which  the  figure  of 
the  pendent  changes  as  one  or  the  other  of  tliose  forces  prevails :  it 
baonniea  longer  whila  llic  tirst  predominates,  shorter  when  ihe  latter 
cnntrols,  and  statiooary  when  both  are  balanced.  These  phenomena  may 
Iw  nhsm-ved  by  letting  a  drop  of  molasses  fall  from  ihv  point  of  a  knife 
or  a  spoon.  The  globule  deecenda  to  a  considerable  distance  before  it  is 
wholly  separated  from  the  portion  abore,  bocausu  a  rod  uf  the  liquid 
omtinues  !□  b«  formed  that  unites  them.  When  thi*  rod  breakjt,  ilut  part' 
sasprndird  from  (he  mass  above  is  drawn  up :  a  threiul  over  a  foot  in  length 
is  somi^timRS  thus  contracted  lo  less  than  }  of  an  inch,  strongly  remind* 
ing  one  of  tho  clastvuty  of  caoutchouc. 

\VKter  rises  lo  considerable  heights  through  sand  and  other  porous 
bodies— aluo  ihruugh  rags  and  thresus  of  inttuD.  Are.  Ot\  ascends  in  the 
wicks  of  lumps.  Capillary  siphons  formed  uf  couon  wick  are  employed 
to  supply  oil  to  the  juumads  and  working  purls  of  machinery.  It  is  cus- 
tomary with  Htereoiypo  fuutttlers  \o  oil  thu  liicei  of  engraved  wooden  blocks 
prvvious  [o  lakiug  casts  from  ihom.  These  blocks  are  of  box,  a  species 
rf  wood  whose  lexiuru  ia  exceedingly  close.  We  have  often  placed  some 
of  iho((e  used  iti  the  illustration  of  this  work  on  receiving  tlicm  from  the 
en);rr«ver,  into  a  dish  comaining  oil  lo  tl»e  depth  of  ^  inch,  attd  hav(?  wit- 
nessed ibe-  appearance  of  tlie  liqurj  at  the  top  within  half  a  minute,  and 
frequently  in  a  quarter  of  one.  Unlike  water  in  glass  tubes,  the  ml  here 
rises  entirely  oat  of  the  tubes  in  the  wood  and  eollects  in  globultfs  over  the 
orihccs. 

From  the  in6nite  vnriety  and  importsnce  of  «levices  fur  raising  liquids 
that  are  al  work  in  the  animal  and  vegtrtahio  lungdoms  and  in  general 
mtiire,  the  wisdom  displayed  in  their  formation  and  tnowntenta,  and  their 
wmxicrfal  etiiicu,  it  would  seem  as  if  (he  CrB«iU»  danftted  yiLtv^v:>3W\-^ 
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(o  call  man's  anention  to  tkis  departmeot  of  ktiowledge,  and  to  iodoei 
him  lo  cultivatu  it. 

Sourcud  of  liyJraulic  contrivances  and  of  mechanicml  movemeau  an 
endless  in  nature;  and  if  inacbiniets  vroiUd  but  eludv  in  her  sebool.db 
would  lead  tiiem  to  the  adoption  of  the  best  principle*,  and  ibe 
suitable  modificadoos  oj'  ihetn  in  evur^  possiblu  coDtrnf^eocy. 


CHAPTER    VI. 


■jlSmKnt— Nod*  of  duriing  then— Principle  oa  whitb  ttmr  kom  dipewto  CoI«<b«  tt\ 
'Bj^lwii*  act  m  vacuo— Vnniljr  oT  (iiihcKL^-Tbnir  iuilli|ull)r — Of  Ewlan  <iyi»— Fartnywl  hi  I 
■(Thvba*— MiiKl  Hiaai— 4ipk0iia  ta  totiNX  t^TpOMi  fcmlwM  yw>«tly  UMd  •!  ifta  IMMMOu»- 
Tiiiir  kpplli.(UaD  k>)i  old  jumIco— di^ibwa  IViiai  ilarooV  8|MrUBlu->TtKh4  «ilb  U^umU  td  dithnal 
tpMUkfrtvillA— Pmii  vnlM  iltp|iail  fran  Oia  •ttrfcrvaf  ika  •**— ri|Brw  of  Taanloa' c*7w— TncU 
•full]  puMirjTia  -MMtc  pkubct — Uublelbt  uaw«tMUBe  tiaiter*— Taftar  uwwmirr  ■  >lh  <iifa— ■•«■ 
balk*— aipliiHii  ui«d  b]>tba  aaeMBU  Ibtlatuag  Kiaa— 4l)abmia,  A.D  111  I — Ptfarvaaf  atidMni  itfitam— 
Blkhiiii  lubs—Valtc  aipbuo— Tib  plata— Wirtembvf  tl^baik—Ai (■*'*■  «H»t»  C> rMtitf  alft^^ 
Sipboni  hy  thr  auibni— WaiM  (»>iv*r*i|  o>m  entuiro  poiBda  by  itphaM  IMU  «(  iha  afpla^MB 
of  itpliuni  kiiiian  lo  aiicMui  I1iu*bcr>— C«ror  of  Putk  aad  udwr  atlun  laiyii  Mag  Mptaaa— OaaM^ 
ttipboiu  lb(  diwbarKiBii  11i|buU  al  iho  baibi— Rain  tlptino. 

The  wij/fion,  or  as  it  19  sonkeciines  named  the  cranr,  ia  in  iu  aiiopl 

foroi  intirclv  a  tube  bent  so  as  to  resomble  an  invortod  lotUir  U  or  V;  ■ 

is  empluvud  tu  transfer  liquids  from  ono  love)  to  a  lowor  000,  in  cireaiD- 
sUocus  wbure  natural  or  arliBraal  obstructions  pruvcnt  ■  strmighl 
from  b«ng  used ;  as  wbcn  rocks  orriaing  grounds  intervene  beiwi 
■pnag  and  the  plaeu  wfaorv  the  wntor  is  rcciuinrd,  or  when  ihtt  eoi 
of  casks  and  otiier  vessL'li  arv  tu  beVillidr«u-n  vithout  making  or 
for  tlie  purjtose  in  their  bottom  or  sides.  Thus  farmers  oocasionaUy 
water  conveyed  aver  hills  to  supply  Uieir  barn-yards  and  dwellings ;  and 
poitable  siphons  are  in  constaiil  requinitioii  with  oil  and  lienor  merehanti^ 
obeniists  and  diilillers.  The  two  branchei  of  a  lube  that  constituts  a 
siphon  are  rx>iiimonly  of  une^jual  lengths,  ainl  named  Itgt !  ibe  "  short"  or 
receiving'  leg,  and  the  "  long^"  or  disctiargiiig  one.  The  highoat  part  wbor* 
the  legs  an?  united  is  knnuii  aa  the  apex  or  bond. 

A»  litiuids  are  raised  in  siphons  by  atmospheric  pmssura,  tb«>  perp«» 
diciilsr  length  of  the  nhort  leg.  like  ibo  sur-linn  )Hpo  of  a  pump,  shoialj 
never  exceed  2fi  or  28  feel.  To  put  siphon*  in  operation,  the  air  withia 
them  must  be  &m  expelled.  Small  onen  am  sunietinu^s  inverted  and 
filled  with  a  portion  of  the  fluid  to  be  decanted,  hut  more  frequently 
liquid  19  drawn  throueh  the  tul>e  by  sucking.  Other  devices  lor  cha 
them  wll  be  noticed  Tarllier  nn. 

The  action  of  a  siphon  does  not  depend  upon  any  inea^oality  of  stino 
s|^oric  pressure,  as  some  writers  on  natural  pnilooophy  have  inadverti 
intimated.  In  ono  popular  work,  it  is  suid,  "  the  presaure  of  the  a 
more  diminished  ;"  and  in  another,  more  "  weakened  or  abalrd"  over 
discharging  than  over  the  receiving  orifice;  whereas,  philosophic 
s|toakiii^,  the  reverse  is  l\ve  taci.  ■.  I'n  aa  Sy«  K\«&Mf^M*,  «tul  ia  ue«rer  I 
eartJi,  a  deeper  and  conflCf\ucnrt^  Wa.v\M  wJv^mti'A  v.iiwwijMx^  ■ 


Chkp.  6.] 


Varieiif  oftharfvrma  and  maUriaU. 


516 


h  Uimn  over  tlie  other.  Nor  does  ilie  frfluci  depond  apon  *nv  dUTcrcnce 
in  Uw  «cmal  lenphs  of  ihn  Icga,  for  tln-^  Arc  often  in  this  retpuet  dio 
nine ;  and  9om«iimo«  th«  rc<»i\-ing  one  in  much  longer  (in  an  ybfitjuo 
(liruction)  thui  the  other — not  yoi  does  ibeir  i:Mmpurative  dUmeters  con- 
irihule  10  tJie  resultj ;  for  the  sltort  one  rany  b«  much  more  capacious 
ibait  tht'  loni^  one.  It  is  the  difference  in  ihe  firr^xittltatlar  length  of  tlie 
tijmid  edumtu  within  the  legs  thai  cauMs  a  aiphuti  (■>  act :  the  column  in  tlio 
discharging  le^  mual  exceed  in  dii§  reapect  that  contaiiK-d 
in  ihv  rfceiving  one,  or  no  action  can  take  place.  By 
examining  the  figure  in  the  margin,  it  will  be  perceived 
that  ihij  column  tn  rhe  rccei%-tng  leg  extends  only  iVora  tlio 
HOrlkoe  of  the  lii]ui(I  in  iHc  vcue)  tn  the  Ijvnd,  whcreaa  in 
ihe  other  it  extends  from  the  bend  tn  the  orifice.  As  the 
prBMUre  of  Auids  t*  u  their  depth  M-ilhout  regard  to  their 
volame,  the  hydnutadr  ei)uiribrinm  of  the  two4»>lumna  is 
devlntyvNl,  when  the  longer  one  neceaaarily  pre  pond  crniea, 
upon  which  ihe  vacuity  lefl  in  the  upper  part  uf  tbo  tube 
ia  filled,  by  the  atinuapbere  driving  fresh  portiuus  up  the 
No.  B*.  other  leg. 

But  wphnns  could  RM  act  at  all  irere  il  not  for  thlt 
pmperty  of  fluids  by  which  their  particle*  cling  to  each  other.  The  lonK- 
cjty  of  liquids  may  bi-  cotiniilrrrd  like  tluit  of  twilida,  only  lees  intense; 
and  thiia  it  is  when  water  Maws  ibnitif^h  a  sip})on,  l)tf  descending  particlefl 
actually  drag  down  those  alKiri;  tbtrtn,  someMhat  like  a  chain  or  rope 
Unequally  suspended  over  fl  piilb-y,  when  thi-  lorii»erend  pulls  the  shorter 
one  after  iu  A  tripKon  \*  in  fact  a  contrivance  by  which  Kqaid  chains  or 
ropeii  srri  tbuM  made  to  act.  But  for  tbo  cohuaion  of  liciuijs  the  contents 
<S  t)ie  discharging  leg  would  drop  out  like  &a(id,  and  no  further  cDbct 
dd  follow^thc  rope  would  be  broken,  and  liie  separatfd  parts  tall 
ncler.  The  infloenco  of  cohesion  in  the  action  of  siphons  is  proved  by 
Die  facl  that  very  short  ones  oontioue  to  operate  whea  removed  into  b 

The  tcnnclty,  or  what  might  almost  he  called  the  maJleabiUty  of  l>i|uida, 
1*  tieaiitifiitly  exemplified  in  soap  bubbles.  The»e  yield  to  iniprvasionc 
without  breaking.  They  fall  on  and  rebound  from  tbo  floor  like  bladder* 
or  balls  of  indin  rubber.  They  shake  in  the  wind,  and  their  figurea  be- 
eome  altered  like  that  of  hnlloons  tOAsei)  to  and  fro  in  the  air :  all  tliis  ihey 
often  emiun!  Wforo  ibeir  Nbells  ore  brtiken  by  evaporation. 

SIphoua  are  exretidinLfly  diversified  in  their  IVirm»,  mnteriftls  and  uses. 
They  are  ntaile  of  cytindriculaml  olbernhaped  tubf  m,  and  both  of  uniform 
and  itregulsr  l>ore.  The  legs  of  Mome  are  parallel,  while  in  olhera  (bey 
meet  si  every  angle— sometimes  straight  ana  ollen  croifked— one  may  b« 
larger  than  the  other,  or  both  may  be  alike ;  they  ulso  nuiy  be  si-parate, 
one  loosely  slipping  into  or  over  the  other.  Instead  of  tabes  siphons  are 
sometimes  formed  by  an  arrangomonl  of  plates,  and  also  by  a  combination 
of  vaae«.  This  plastic  property  has  occasioned  their  conccQlmeni  in  more 
ivrioHS  forms  than  Proteus  ever  assumed.  Siphons  are  made  of  tin,  coji- 
per,  iron,  stiver,  glass,  lead,  earthenware,-  feather,  wood,  canes ;  and 
(raiiillary  ones)  of  paper,  strips  of  cloth,  threads  of  cotton,  Jcc.  Examples 
of  their  various  forms  and  Applications  will  tie  found  noticed  in  ibe  follow- 
htgjiisinrieal  sketch. 

The  origin  of  aipfions  like  that  of  pumps  is  lost  in  antiquity.     Some 

■  For    <  »D  ibr  aaliwn  af  aiiihatM  in  vacua.  Me  Bujle'i  Work.i,  by  fttiaiv, 

vol'  tu  M  :  still  HlsiiMHrs  or  ills  FraiKli  AcademV,  uoudatcd  lif  HuUu  %aA 

Quaismn,  \oi  n-  JT4:  aorf  DtuMfulivn  Ex^f^i.  TU\Da- vvl  \l  VCJd. 
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wriUn  oT  ihe  lut  cflntury  altribDU.-<l  ihvm  to  Cuaibioi,  (m«  pa^je  Stilt) 
beewue  ihey  wore  used  m  somf!  nf  \m  water-clocks,  and  no  Cftrlier  appti- 
cadon  of  thHom  was  xhen  knnwn.  For  ihc  same  reason  ibe  tavnadoa  of 
Uothod  wbeels  has  been  crroneoualy  lutcnljed  \o  itim.  All  the  infoRaa- 
tion  extant  ruapcclinf;  tW  ancR'ni  naiions  of  ihe  East  u  exoaodiaglj 
limited,  wKilo  of  tluiir  aru  ami  dt-'uils  of  th«r  mochanism  we  know  onl 
to  nothing.  Tbo  gruatcr  part  uf  our  imlioary  roacbines  canaoc  be  OMad 
to  a  biglior  MJUrcu.Ltmn  (inM>cc,  liut  Grtwce  itself  was  cxiloaised  by  Enrp- 
tians  i  aiid  liowevur  much  thu  children  of  Cadmus  may  hare  rennea  na 
some  departments  of  iho  useful  arts,  ilie  genenJ  mechanism  of  their 
ancestors  id  iMlicved  to  havu  passed  through  their  bands  to  ihoae  of  tW 
Romans,  and  frorti  the  latter  tu  us  wiili  tittle  alteration.  Thia  ww  n>r- 
tainly  the  case  widi  t)teir  hydraulic  and  hydro- pneumatic  devices.  Tbr 
siphon  is  on  examotc.  TIte  noflMuf  this  iRstmment  is  taken  rrom  aOreelt 
word,  which  aigniiiea  simply  a  tube  ;  bui  it  has  been  ascertained  thai  thv 
word  is  of  a  remoter — of  an  oriental  origin,  being  derived  from  m/A  or 
1^  to  imbibe  or  draw  up  with  the  breath,  and  whence  conmi  our  a»il«»- 
sion  to  tip.  Now  if  it  can  be  proved  that  tbe  siphon  waa  in  use,  and  ww 
charged  by  sucking  before  the  timos  of  Grecian  btstury,  w<>  may  safely 
conclude  that  a  more  ancient  people  furnished  tbe  Greeks  with  both  tha 
instrument  and  its  name. 

The  researches  of  Rosellini  and  Wilkinson  have  aenU'd  this  point. 
Tbeae  gentlemen  have  brought  tn  light  irresistiUa  evidence  that  siphons 
wore  used  in  Egjpt  at  least  as  early  as  1450  yesra  before  Oiriat.  In  a 
tomb  at  Thebes,  which  bears  the  name  of  Amunoph  11,  wbn  nigned  U 
tlie  fMjHod  just  named,  thev  are  delineated,  and  in  a  maiiTMr  too  Oisiioct 
to  admit  of  any  doubts.  See  No.  335.  Sovorol  flxt  are  representMl 
upon  u  frame  or  stand.  Into  three  of  them  si{^nj  are  inserted  ;  two 
apparently  in  optiraiion,  and  a  man  is  in  the  act  of  charging  tijc  olbrr  by 
sucking  :  the  conienu  of  ilic  jars  being  transferred  tatv  •  Urge  vm«  io^ 
ported  upon  an  ornamental  stand. 


^iiinn  ■* 
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Mr.  Wilkinson  supposes  that  siphons  were  Inrcntcd  in  Egypt,  amf  < 
vsed  to  decant  the  Nile  water  from  one  vessel  to  anocber.     lie  aaya  it 
nsoessaty  to  lot  this  water  stand  for  eome  time  before  being  used,  tkaC  i 
mud  Buspendod  in  it  may  settle  to  the  bottom.     On  thi«  accimnt  va 
cnntRtning  it  rannol  \w  move<\  'w'wVmi^.  T«YA«nni^~'A.  anaxv  t«t\ivl,  uiil  the 
aaroe  ertect  is  produced  by  d\p¥*"S''  ^**«  ^^  ■**"  *A  W(^»*«-   TSw^wwr 
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[jerTure  m»y  be  co^Tt^ct,  but  it  does  not  derive  much  suppnrt  from  the 
[Use  of  thfMic  In«tnim(.'nt3  figured  u  N'o,  SW  ;  for  unices  there  wna  *.>me 
intrivnnen  lo  prevent  the  ends  of  the  siphons  Irom  going  loo  near  tho 
llom  of  iho  JBFB.  scarcely  any  thing  would  more  cfioctually  disturb  and 
off  the  aediinenL  witli  ihi!  waier.  The  iiihoa  wcrt!  ohvioualy  of 
fleiilil^  mntcriiLl,  and  from  the  manner  in  which  ihey  iiro  licid,  it 
ould  til-  impi^aMhle  for  the  perwin  ntiing  them  to  regutale  hy  hund  tho 
depth  to  whirh  the  short  legs  were  imniPMed.  Moreover,  another  indi- 
vidual (i)mitied  in  our  illtuiration)  U  represented  podring  a  liquid  into 
HW  of  the  jarfl,  an  operation  ihnt  would  etfpclually  (lintiirh  the  nediment. 

XofltBad  of  water,  jara  ao  small  pmhably  rwintaineJ  winet,  and  the  arttU 
lesigned  to  exhibit  the  tatxle.  ofmiiBmg  them  ;  a  common  practice  of  old, 
uhI  one  reJerred  to  in  several  parts  of  tho  scriptures.  The  Bgyptitin* 
V<m!  mnch  given  tn  hixunous  living,  and  especially  with  regard  to  wine, 
k  bet  which  the  aculpturcs  corroborate,  for  scones  of  gross  exoeas,  and'tn 
(naalas  too,  are  portrayed.  The  Jews  we  know  carried  wiih  them  into 
PfeleMine  not  only  the  arts  hm  many  of  ihc  worst  habits  of  tlie  E^-ptians, 
and  the  excessive  indulgence  of  mired  wines  was  one.  "Woe  unto  them 
that  apB  mighty  to  drink  wine,  and  men  of  strength  to  mingle  strong 
drink."  Isaiahv.aS.  "She  hath  mingled  her  wine,  she  haih  also  furiii<ihed 
her  table."  Prov,  ix,  2.  "  They  that  tarry  long  at  the  wine,  ihcy  t]iat 
go  to  seek  mixed  wine."     Ibid  xxiit,  30. 

Other  examples  of  the  early  use  of  siphons  are  mot  with.  In  the  tomb 
of  Remcdcs  III.  who  flourished  1236  B.C.,  is  a  representation  of  an 
Kg)-ptian  kitchen,  wilh  the  various  operations  of  slaying  anitnnis,  cutting 
up  the  joints  and  preparing  them  for  cooking — kneuuing  dough  with  th« 
{eel,  and  pasTe  with  the  hands — making  cakes  and  confectiunarj-,  &c.— 
Of  kitchen  furniture*,  there  are  tables,  jars,  phtcit,  cauldrons,  bellows, 
ovens,  molds,  pestle  and  mortar,  knivea.  buskcts,  ice.,  and  suspetidcd 
OQ  ropc«  or  rods,  a  nvmier  of  Mtpitma ;  showing  evidently  that  those 
inKTumenta  were  in  consmni  requisition.  See  No.  S36.  TheM  wero 
Iprohtbly  adapted  for  jars  of  cerl&in  depths,  imlike  thoae  in  the  preceding 
figure,  whieh  aeem  to  tiave  been  appropriated  to  different  sized  vesiels, 
and  tlieir  shape  altered  aa  occasions  might  require. 

How  singular  that  tbcM  philosophical  instrumenia  tboold  have  been 
more  common  before  the  nege  of  Troy  than  ai  the  present  day !  And 
how  preeioufl  are  tlioae  monumentaJ  records  that  have  preaervod  this  and 
other  facts  uf  the  kind  ! 

The  eircuniatance  of  siphons  having  been  used  in  El^Vpl  at  so  early  a 
perii>d  may  be  deemed  conclusive  that  other  iwtiona  M-crc  iioi  ignorant  of 
them.  With  Egypt,  all  the  famous  peojile  of  antiquity  maintained  an 
intercourse  ;  and  enier|)ri sing  men  flocked  from  all  parts  to  acquire  a 
knowledge  of  the  arts  and  sciences  that  were  cultivated  on  the  banks  of 
the  Nile.  Their  neighbours,  the  Jews,  as  a  matter  of  course,  were  ac- 
quainted with  siphons,  and  there  is  probably  a  reference  to  them  in  Ji^d 
ii.  "  Jesus  saitn  onto  them,  fill  the  water  pots  with  water.  And  they 
(Uled  them  to  tho  brim.  And  he  said  unto  iliem,  lirau;  out  now  and  boar 
unto  the  governor  of  the  feaat,  and  they  bare  it."  Uow  did  ihey  draw 
this  liquid  I  Cortainly  not  by  inclining  tho  jars  and  pouring  it  out;  nor 
yet  diMjA  it  appear  ta  Lave  been  done  by  dipping :  for  aa  the  large  pots 
WFin>  tilled  to  tlie  very  brim,  thiii  would  have  caused  the  liquid  to  over* 
flow.  It  is  moru  ivaaottuhlu  to  suppose  that  small  sif^ons  were  used  on 
the  rtoca*ion,  nnd  llial  Ui«-y  were  charged  by  sucking,  as  represented  ID 
No.  2X16  'i'hia  Btid  Uiis  only  clearly  sccouiits  for  the  fact  that  those  who 
WMft^  liquid  w<^re  lirjii  aw«re,as  rhey  must  have  beca,of  Uia  ctvaxi^^ 
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hftd  undergone.     Thii  change  do«s  not  Stseta  (d  have  aflocted  *hr  rn^ 
fcr  not  till  he  la»tcd  of  it  was  Uie  presiding  officer  bimsalf  ser- 
being  wine     "  When  iJie  ruler  of  the  feast  had  larUd  the  vnu-  tt^ 

Riadu  u*ini;,"  he  "  knew  not  whence  it  wae.  but  the  servaniE  that  drvw  tbo 
water  km-w." 

No.  23-?   probably  was  designed  to  repres>jnt  one  of  Phanob's  builon 
engaged  in  that  part  of  Iiia  dtity  which  required  him  to  draw  and  mix 
king's  drink.     Such  oRicen  fortQed  part  of  hirge  eMablishmcnla  ai 
the  ancients,  and  so  thev  do  in  modern  times.     Swiuer,  speaking  »f  i 
■iphons  observes,  "  the  tnsinuatidn  of  air  is  such  that  wioe  wtll  nnt  alwaj 
keep  on  iu  rfgulnr  ascent,  witbout.the  buUer  puta  hia  taoutfa  *om«tua*«r 
it.  to  giv«  it  n  ncUh-  suction." 

On**  of  lliw  modes  b^/  which  Ctefibiu)  applied   stphoni   Vo  cl«psydrw. 
will  bi'  found  fifjiired  in  «  tiubs(»jui.int  chapter. 

Werw  the  old  phili>»i>pber8  of  Rg^pt  aci|uitii)ted  with  th«t  principle  on 
vrhich  llie  »ipht>n  act4  ?  Doubtless  ihey  yrvni,  kUu  i1h--v  ckuKI  nK*c/  bane 
divenificd  iu  form  nn*!  iidaptinl  it  with  such  ndniirablt!  ingenuilj  to  iba 
great  variety  uf  purpuiwit  Ixith  o|>pi)  and  cuncealv^,  which  we  know  thoy 
did.  In  ctintiectinii  tvitli  hydroinancy  it  wan  maule  to  pls-V  an  importaiil 
part.  Magioil  g^bletn  were  often  nothing  else  than  luadilicMiiona  of  Mphoo*; 
anJ  from  the  Spiritalia  we  learn  (hat  they  fnrmed  tliv  basis  uf  more  oom* 
plex  Hud  imposing  apparatua.  The  tricks  cuniicctttd  M'itli  the  glasa  tutoli 
of  Belus,  and  the  miraculous  vasea  in  the  temple  of  Bacchus  pfnbaUjr 
depended  upon  siphons ;  and  moat  writers  on  the  vocal  statue  of 
have  introduced  ihem  aa  caseniial  parts  of  the  supposed  muchinerj 
tating  in  this  respect  the  apparatua  described  by  lioroo  -tot  pr 
mysterious  aoundi  from  the  ngures  of  men,  birds.  &c. 

Heron  is  morn  diHVise  on  the  aubjetn  of  siphons  than  any  otlier 
Upwards  of  twenty  problems  in  his  Spihtaiia  rvhile  to  ur  are  iUustniH 
by  them  ;  and  from  him  we  learn  that  these  inKruments  wvre  in  his  qr 
employi-d  on  a  large  scale  in  draining  and  irrigating  land,  viiE,  by  tmrvfi  ^ 
ring  w»tcr  over  hills  from  one  valley  to  aiiotlwr.  This  use  of  the  94pti"n 
was  prubably  ipiite  as  common  under  the  Pharaolui  as  under  tlic  Ptulr-mu-*; 
for  HiTon  dors  not  intimate  thai  it  wai  novel  in  his  time  any  more  tbta 
the  instrument  itself 
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The  above  Rgures  arc  iUuatmuiika  of  Una  fi.m,  MOHal,  third,  and 
problem*  of  Heron**  work* 
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No.  237  {the  firet  (igiim  in  the  tSpiritaliti)  renresenu  itn  onliiutry  siphon 
Fsting  ov«r  the  hkmlle  of  a  vase,  within  which  tlio  aliori  leg  a  inserted, 
fbis  tnrtnjmcnt  wu  clMrgcd  hy  sucking,  as  the  more  ancient  ones  in  the 
It  cut. 

No.  238  exhihiu  anot]i«?r  form  of  the  siphon,  cfinsistinjr  of  two  straight 
lim]  ^enctrnii*  tn^x-tf,  lix-  nmullfr  one  u(  which  t*  inserted  thruugh  the  boi- 
om  of  ihf^  oiVKrt^U  vaite,  and  reM:hea  u  high  within  it  ftfl  the  Hqtiid  it 
Wfuirrd  to  Mlnnd.  Over  fhi»  lulw  another  one  is  slipped  whose  upper 
Hid  in  clnwd  air-tighL  Hence  it  is  ohvtudH  that  when  the  liquid  is  higher 
^n  ihn  orifice  of  the  inner  tut>o  which  fut-ma  the  long  leg,  it  will  (ucend 
^^btien  tlie  lutwn  and  continue  to  he  discharged  m  in  the  common  siphon, 
BiV  (he  aurfiice  de«cends  below  the  lower  end  of  the  oiiter  tube,  or  abort 
j^g.  Here  the  Iityiid  is  dtHchargvd  from  the  bottom  of  the  Tessel,  not 
vcr  its  rim  aa  m  the  precodinjc  lig;uro.  Tin!  siphon  udmits  of  a  great 
rartety  of  modi6ciitions,  some  of  which  in  the  hatids  of  ancient  JDgglera 
Bootributed  not  a  little  to  amuzc  the  igaoraitt.  The  contents  of  Uie  large 
rases,  nfirn  permanently  fixed  in  temples,  could  and  doubtleiM  often  were 
tecretly  emptied  hy  contrivances  of  thia  kind  ;  ihr  mpltona  of  counut  )>eing 
wticealed  in  the  ornaments,  handles,  or  other  ndjunct*.  The  six  veaaels 
of  wine  placed  daily  in  the  temple  nt"  Bel.  whirh  the  prie«Li  clandeAlinely 
emptied  ev«ry  night,  might  have  Iwvn  more  neatly  riihl>ed  of  their  contents 
by  concealed  siphona.  than  hy  entering  through  a  tecret  pa»Mge  under  the 
war ;  but  as  the  abstraction  nf  the  mure  Aolid  f(>o«)  which  the  priosla  pre- 
hmded  was  consumed  every  day  by  tlie  bnizen  deity,  (forty  sheep  m>d 
twelve  measures  of  floor,)  rcqutred  Mime  contrivance  like  the  laEtcr  ;  the 
vases  were  emptied  at  the  Mine  lime.  [Story  of  Bel  and  the  Dragon.] 
Th«j  romantic  nccount  by  Hewdolus  of  the  robbery  of  Uhafflpsinitus'  Irea- 
Vury,  shows  to  what  extent  the  system  of  secret  pojMages  was  carried,  and 
the  ingenuity  wiih  whicli  Ibey  were  made  and  concealed. 

Tbo  velocity  with  which  wM.tttr  flows  from  an  ordinary  siphon  n«c«'Saarily 
diminishes  as  the  surface  in  the  reservoir  falls.  In  some  cases  a  uniform 
discharge  is  desirable.  No.  239  shows  how  ancient  engineer*  accomplished 
this-  A  float  or  Hollow  fliidi  was  attached  to  the  end  of  the  short  leg,  so 
that  th«  instrument  descended  with  the  water.  The  long  teg  was  passed 
loosely  tlimiigh  two  openings  in  projecting  pieces  that  prescrred  it  in  the 
proper  |Kii>iUnn. 

The  dilference  in  tlie  specific  gravity  of  limiida  was  a  fniitfnl  source 
of  deception.  Many  capital  irick-i  were  bued  upon  it.  espodally  when 
the  lighter  fluids  employed  were  of  the  seme  color  as  those  on  which  they 
r«t>osed.  If  for  example,  a  vessel  contained  oil,  wine  and  water,  ihcaa 
liquids  oould  be  discharged  by  a  siphon  like  No.  230  in  the  santo  order ; 
and  by  secretly  nising  or  lowering  an  ordinary  one,  or  the  moveable  tube 
in  No.  23S,  any  one  liquid  could  m  draw-n  olf.  Fresh  water  being  lighter 
than  salt  ts  often  found  some  distance  at  sea ;  atid  sailors,  like  old  jugglon. 
can  draw  up  either,  according  to  the  depth  to  which  their  hiickets  are 
immemed.  Four  miles  from  the  mouth  of  the  Mississippi  the  fresh  water 
if  about  two  feet  deep,  and  at  ten  mileji  it  may  be  obtained  hy  careful 
dipping. 

In  problem  XXX,  of  the  Spirilalia,  Heron  shows  how  siphons  may  be 
concealed  within  the  fieiiros  of  oxen  «r  other  animal*  in  the  net  of  drink- 
iog  ;  the  "rifice  of  the  simrt  leg  lieing  at  the  moudi,  and  that  of  the  long' 
^  in  line  of  t!ie  feet.  See  No.  240.  When  the  bore  nf  the  siphon  is 
properly  ailjitsied  to  the  quantity  of  water  flowing  into  a  basin,  the  animal 
frill  apiMfsr  to  drink  tbo  whole- 
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The  roMowing  f«pr»sent  a  number  of  Tantmlofl*  eopi.  nagic  goblcu.  &c 
In  Vo.  £41,  th«  long  l«g  of  ihe  siphon  pacao  throDgh  the  btHloni  of  Uw 
TeMel,  and  th«  ithort  one  mnifeiiH  thov« ;  m  that  when  tlw  rujuid  rian 
over  th«  bend,  it  will  be  discharged  by  iho  aiphon  into  the  cavity  bclmr. 


Ho.  Ml. 
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No.  MX 


Dovieea  of  this  kind  admit  of  numerous  modifications  by  which  the 
may  be  cotteetiled.     Whtin  u  la  cncloiod  within  the  figure  of  a  man,  {i 

water  entering  ai  one  foot  slightly  niiiMsd,  and  paaaine  out  through  tl 

other,)  tbu  vtiiMtcl  i»  named  a  Tanlmmtf  eup,  and  the  liquid  instead  of«tiua<- 
ing  the  mouth,  an  in  No.  210,  only  rises  to  the  chin,  and  then  nins  awav^ 
"  ng   the  cl&Micai  fable,   which  reprenonlA  TanioliiB   nulfc^nng  C 

of  thimt  in  the  midst  of  water  that  reached  lu  hit  tips,  but  whii 


illu»lriitiii 

tortures  of  ihirst  in  the  midst  of  water  that  reached  lo  hit  lips, 

on  his  attrmpting  to  tajtte  aunk  below  hie  reach ;  hence  the  origin  of 

word  toMiaUse,  and  its  relatives. 


Noit,  taff't'iBg  xrH^aoa  tormrabi,  I  IwihrM 

Tanuliin  :   iti  m  pool  Iw  rUknI,  hi*  rlno 

Wiu)i'<)  I(y  the  wavu ;  ihiict  {luvird  ka  •erni'd,  but  found 

Nouitkl  ttf  aiwiiigii  bit  lliiiM ;  for  wh«n  h«  tww'd 

Hit  aouy  hwd.  udent  ta  aoaft  ihe  flood 

Vaatah'd  slxiorti'd.  and  ai  lih  IkM,  adaat 

The  M>il  BppMu'd.  dried  tmiaDl.  by  ilie  god*. 

OdfLti.    O^pr. 

It  19  suppoiied  the  &bte  wan  intended  to  illiutnilf!  the  infiiuinoe  oflvt- 
rice,  by  which  misers  in  the  mido  of  plenty  often  deny  themselves  HtB 
nect^itsaripa  and  comforts  of  life. 

Sometim<>s  the  MiJeg  and  bottom  of  Tantalus*  cups  an?  made  boHow  ami 
the  siphon  furnicd  within  ihom.  No.  243  is  one  of  tfacsv.  An  eaamin*- 
tion  of  it  will  sufficiently  explain  the  construction.  A  small  opentDg  tmr 
the  bottom  (which  may  easily  be  concealed)  communicates  wiui  a  ptiM||a 
formed  by  a  partition,  above  the  top  of  which  the  liquid  must  rise  befer* 
it  can  pass  down  the  other  side  into  (ho  base  of  the  cup. 

In  No.  'M3  the  siphon  is  furnied  within  the  handle.  The  abort  leg 
commuiiicalei  with  the  lower  part  of  the  cup  at  the  swhH,  so  as  not  tMily 
to  bu  debfxted.  and  the  long  one  wiiJi  tlie  cavity  formed  helow.  Tba 
figure  ruprvsents  a  Tantalus'  cup  in  our  possession. 

A  liuuid  is  retained  in  ooe  of  these  aa  in  an  ordinary  goblet,  so  long  ■• 
tlte  surface  does  not  reach  above  the  highest  part  of  the  Eiphon ;  bat  if 
the  cup  be  once  inclined  so  aa  to  set  the  latter  in  opcralinn,  the  oontrnti 
will  g^^uolly  be  traasferred  to  x^\«  VuWqw  Wm.wI,  iKw  whether  tba 
wauef  be  replaced  in  an  u,pc\%\rt  ^o*\u«>t»  »i  wa,    "Wen*  \ubun^  >wti^ 
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■o  eontriTad  thu  tfav  act  of  applyiof^  rhMO  to  the  Itpa  ehnrfted  iha 
nphon,  and  the  liqiiiti  inpicnd  of  entering  ihc  moutli  tlton  pa«4ed  thmugh 
iUi>g»J  pasnige  tnm  ihp  CJiviiy  formed  for  its  tc«»ptioti  liclou-.  fly 
'ling  ilie  c*[Micity  of  thtt  »iption  BUlficirnlJy  large,  a  |>«>r<H>u  tgnArant  of 
ilcvii-c  wiiuld  tint!  it  a  dtmcuti  tnntu-T  even  lo  faatt  ihe  coniptit^  how- 
ever ihirsty  he-  might  he.  In  the  dark  a^'9,  simple  people  would  naiurally 
on  such  nrcL4inii5i  giv«  cmdiT  to  Icgondit  reipectiiig  mischievous  demona 
loving  bet-r  and  ikking  ih<>«>  opponiinitu*s  lo  get  it.  Dishonest  puhlicun* 
whow  sij^-boards  Announced  "  entertainmeni  for  man  ond  be**!,"  are 
■aid  to  have  orcoJiionAllv  thos  d«•poitl^d  iravflors  nf  a  porttuti  of  their  aie 
or  mead,  lu  well  a«  their  horsoit  of  fee<i,  Ows  wtre  put  into  a  perforated 
ztuni^r,  and  a  large  part  forcr>d  through  the  o{>cnings  into  a  reccptable 
helow,  hy  the  mavenH^nU  of  the  hongry  animal's  mouth. 

Martial  the  Roman  poet  refent  lo  tricks  of  ancient  puhUeans,  and  what 
will  sarpriae  sonie  readers,  he  enmplains  of  having  had  wine  foisted  on 
him  inatnd  of  water.  Rarenna  ^vna  nriginnlly  huilt  like  Venice  on  pile*, 
and  was  a  »ca-p(>n,  tliough  now  iievemi  miles  inland.  Water  has  always 
been  extremely  scarce  nt  this  city,  and  prohiibly  was  more  «o  formerly 
ihao  at  present.  In  ll>t>  poet's  time  it  seems  to  have  brought  a  higher 
ptnce  than  infisnor  kinds  of  wine.     Henee  his  complaint: 

B]p  *  lUvsnns  *inta»roncc  becmi'M, 

So  inui;li  Tar  wine  and  water  mix  d  I  [»iid  l 


But  vrhea  1  iboiuhi  tho  pnrcbiu'd  liquoi  mino, 

Tbcnucol  tbbb'dinaitffvritfawaie.       L.  tii.  Ep.  S7.    AJMmt. 


^^■o.  244,  a  magiotl  pitrhcrr,  Irom  the  eighth  prohlem  of  the  SpiritaUa. 
IK  siphon  is  ii<jt  employed,  but  the  device  '\»  allied  to  the  preceding 
orioa.  A  hormonla)  pnrtilion  or  diafihrugm  |>erforate>l  with  minute  iKitea 
dividm;  the  veuel  inui  Iwu  |iarLa.  The  handle  is  hollow  and  air-tight, 
and  at  tho  plaei^  where  lu  lower  end  is  connected  to  the  pitcher,  a  tube 
proceeds  from  It  anil  reaches  nearly  t4)  the  iMJttnm.  At  the  upper  pari  of 
the  hindle  a  xmall  hole  is  drilled,  where  the  thumb  or  finger  can  readily 
cover  it.  It  should  l>e  disguised  by  sume  neighboring  nniamctil  or  scroll. 
If  this  pitcher  be  half  filled  witli  water  and  inverted,  the  liquid  would  be 
rptaiftrd  as  hing  as  llie  smalt  hole  in  the  handle  was  closed— being  stia- 
pi'iidi^d  OS  in  the  aUttoKphenc  sprinkling  |m)|,  No.  &i  and  7(1,  und  in  TuUa'a 
aieve.  No.  74.  If  the  lower  pari  he  filled  with  wati^r  and  tho  upper  with 
wine,  the  litjuids  will  not  mix  as  long  as  the  small  hole  in  the  handle  is 
cl(ieti<]  ;  the  wine  can  then  either  be  drunk  or  poured  out-  If  ihn  hole  be 
left  some  time  open,  a  mixture  of  both  liquors  will  be  dischargi.-d.  With 
a  vca«el  of  this  kind,  says  an  old  writer.  "  You  may  welcome  unbidden 
^tfsts.  Having  the  lower  part  already  filled  with  water,  call  lo  your  ser- 
vant to  fill  your  po4  with  wine ;  then  you  may  drink  unto  your  guest, 
drinking  up  all  the  u-ine  :  when  he  lakes  the  nilcher  thinking  to  pletlge 
»oa  in  llie  same,  and  finding  (he  contrary,  will  happily  stay  aw(^  until 
lie  \>e  invited,  fearing  that  his  next  prasumptiaa  mignt  more  sharply  be 
rewarded." 

Another  old  way  of  getting  rid  of  an  unwelcome  visiter,  wta  by  offering 

itii  wine  in  a  cup  resembling  No.  246.  The  aujes  were  duublc,  and  an 
lairtiglii  cavity  fjrmcd  between  them.  When  ih"  vessel  was  filled,  aome 
|of  the  liqui'l  •eniercd  the  cavity  and  comprvnnerl  the  air  within ;  so  that 

1,.  .  was  inclined  to  ihu  lips  and  jurtly  emptied,  tho  pressure 

lied,  the  iiir  expanded,  and  drove  part  of  the  eonteula  iti  tlie 

■.'  lirinker.      Porta,  in  hie  N.itural  Mnyie,  (Eng.  lran»l8lion,  1658,) 

sewral  similar  devices,  hut  thvy  are  all  tu  be  found  in  uue  lona 
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or  anotliAr  in  the  Spiritalta.  One  goblet  vna  §o  contnv«d  thu  **  no  mu 
can  drink  out  of  It.  lim  he  wlto  knows  the  an."  The  liquid  was  autpeiMWd 
in  cavities  and  di-ichar^d  by  ndmitting  or  excluding  air  through  ■ecrM 
opening!.  An<»her  one  "  for  makinc;  snort  with  th^m  thai  sit  at  oblowiili 
iu/'  ft  oup  into  which  wine  waa  poured  in  the  presence  of  the  drinker,  bat 
who  could  derive  from  it  nothine  but  water,  kc 

The  necromsnoera  of  the  Tartars  and  Cathayans,  [Chinf^M,]  nys 
Parchas,  "  are  exeeedinely  expert  in  their  diveltish  art.  Thpy  cauar  thu 
)  bottles  in  the  hal)  of  tne  great  kha»  doe  till  the  bowls  [cupe]  of  their  own 
sard,  which  also  without  man's  help  pass  ten  paces  tfarougb  the  ayre  in(e 
1  bands  of  tha  f^rcat  kkan  ;  and  when  ho  hath  drunke,  in  hke  sort  ihej 
ime  to  their  place."  The  cups  were  doubtleas  fillod  and  mored  ir/ 
aome  ingenious  duviee ;  but  this  being  concealed,  the  whole  waa  ftf  ooonr 
miraculous. 

Among  tho  antiquities  of  Lunenburg  was  a  magical  goblet  or  ewer, 
"  unc  sif^ui^rc  dans  Itiquolle  il  y  a  un  seem  hydramiqvt'  (La  Curirui 
AnliquDiru,  a  Luidr,  1729,  torn  li,  495.) 

From  tkt!  umu  of  Huron  up  to  the  IGih  and  17tb  cenluriee  little  Bpenile 

in&miuioo  respecting  siphons  is  to  be  met  with.     Tbcy  were  of  ooutm 

known  to  tbc  Roroaits.    Sir  Wm.  Ocll  suppoHus  some  modification  of  tkem 

was  employed  In  connecting  tbe  large  boilers  in  which  water  wa«  lieaied 

the  public  baths.     It  appears  from  discoveries  made  in  Pnmpen  tint 

beM  Teaaelt  were  clo«ed  on  all  iidea  and  bore  soma  re«crabUncc  to  the 

'^bodies  of  modern  atills;  and  that  to  economixe  tbc  heat,  three  of  them 

were  placed  upon  each  other.     The  lowest  one  m  contact  with  the  fii* 

was  the  largest,  and  named  "  the  caldarium,  that  above  it  the  tepidariun, 

I  tnd  the  uppermost  which  was  supplied  with  cold  wat*>r  diructly  from  the 

aqueduct  or  other  reservcnr  the  fngidarium  ;  and  they  were  so  con 

by  means  of  something  of  tho  nature  nf  a  siphon,  that  when  tbc  wnter  < 

IM  lowest  was  drawn  off  for  tho  bath,  an  equal  qunntitv  dcAcend<-(l  «inn 

tsneonaly  from  the  second  to  the  lowest  cauldron,  and  tram  the  ujipnrmc 

ulO  the  »ecotul,"     Julius  Pollux,  who  lived  in  the  srcond  ceniury,  intwrr 

Us  that  siphons  were  used  for  tasting  wine.     They  arc  aJso  rpfcrred  to 

other  ancient  writem.  but  as  several  instnimcnts  were  designated  by  tlks 

same  name,  it  a  difficult  to  determine  Avith  precision  what  particular  om 

was,  in  every  ease,  intended.     It  is  very  probable,  from  the  remark  of 

Pollux,  whicn  ie  corroborated  by  the  illustration  Xo.  235,  that  siphoas 

I  were  employed  by  ancient  vialnert  and  prirate  gentlemen  (or  deeantiM 

wine,  just  aa  the  some  ctaoses  use  tbem  at  chb  day. 


Na.««*.*.BllMI.  H«.MT.A.ni  ISIl. 

The  earliest  moderti  fi^ire*  ot  mYiV»%T\»ft»X'«ttV».'«*'oMR.-wSV.»fl»i'>ak' 
.German  translation  of  VcjeUtt*.  lc!.tff'4>:V,V5>\\.    "Vt* ii«t« fe^tx^ 
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£46  ftnd  247  are  (wpies.  Rntii  are  d^stgned  to  show  th«  apptieotion  of 
tli(*9a  isuruincDU  for  tntii<tr>imng  lar^v  (jiianhties  of  water  over  nuirig 
grnunda,  u  mention«tl  liy  Horon.  N'o.  241}  is  formed  entirely  of  wooden 
plkbks  fltnmgly  nailed  to^thnr.  Tlitt  iippi:r  cmln  of  thv  two  truiiks  ur 
pipes  an*  utilied  lo  a  »]uare  ami  cIolhc  hnx,  liv  mt^ns  of  whicli  tfaoy  were 
ctiar^nd  ilimugb  the  opening  on  iW  top.  Thn  low«r  onficen  werv  tem* 
pnrarily  cLoSud  by  ptues,  figured  Ixilow  wilti  »hort  ropf*  nitHcliod-  When 
the  wtinle  WHM  tilled,  the  hole  at  tlie  tup  wan  cloxttd  l>y  driving  in  iliu  stop- 

K,  figui-L-d  near  IL,  and  iben  the  Lwo  plug*  Itelow  were  withdrawn  bv 
_         uia  of  (he  ropea. 

TbcK  is  lillle  iJuiibl  thai  t^rgt  Hiplioita  made  of  planka  and  jiiintvd  or 
liovd  with  pitch  would  work  well,  even  if  they  were  not  perft^cily  tight, 
praviiled  the  orifice  of  the  dischargint;  leg  waa  coniiderahly  lower  tlian 
the  surface  of  the  water  in  which  the  iihort  leg  waa  placed. 

Heron  directed  Ltrge  siphons  to  be  filled  tnroush  a  funnel  at  the  lop. 
End  the  orilkcB  cUued  below,  as  represented  in  Noa.  iJ46  and  847. 

No,  V47  was  of  cnetal,  but  charged  like  the  last  by  meani  of  a  wooden 
box  ;  the  opening  to  admit  the  water  and  its  stopper  being  clearly  reprO' 
•anted.  There  appears  no  device  for  closing  the  lower  ends  of  ihia 
siphon ;  and  u  they  enter  die  water  perpendicularly,  the  plugs  and  ropea 
used  in  No.  84G  would  liardly  apply.  Probably  the  short  leg  was  closed 
by  m  viilr*  opening  upwards  at  the  bottom  of  the  box,  on  which  account 
xii&  latter  was  made  conical  to  afford  room  for  Jl  to  play.  This  valve 
would  be  sulhcieiit  for  the  purposie  of  charging  the  siphon,  provided  the 
upper  part  of  ihe  box  was  higher  than  any  other  part  of  the  instrument. 
We  therefore  suppose  that  the  disproportionate  sne  of  the  box  and  iu 
being  fibred  below  the  bend  are  errors  of  the  artist. 

Of  nwdero  improvements,  the  addition  of  sucking  tubes  by  which  srnaU 
•tpfaons  are  now  commotily  chargud  was  the  first.  It  is  uncurtain  when 
or  by  whom  thoy  wero  introducod.  They  do  not  appear  to  huvrt  been 
much  used,  if  at  all,  before  tbe  »»arly  part  of  the  last  century  ;  for  all  the 
»i|>honB  deecribetl  in  old  lrealis<;s  on  chemistry,  distilling.  Ace.  invariably 
consist  of  single  tubes,  which  were  either  charged  by  immrrsing  them,  or 
by  drawinit  out  the  air  from  tin;  orifictt  of  the  dischjir^mg  teg  by  the 
mouth.  It  may  contribute  lo  tome  future  history  of  the  siphon  to  preserve 
a  f«w  of  these. 
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The  first  two  are  from  the  Rnglish  translation  of  one  of  Conrad  Ocsner't 
works.  Kond.  1509.  (See  pai^e  381  of  this  volume.)  Speaking  uf  druW' 
ing  off  water  from  Ute  head  of  a  still,  the  author  obaervcf,  "  You  may  put 
eerinitic  rtm^i^g  P'P"  into  the  cover  such  as  you  ace  here  livelie  portray- 
ed." Ooplt's  of  the  Fame  are  insorted  in  stivural  other  old  works.  En 
*•  Maiion  Ruatique,"  Paris,  1574,  folio  217,  they  are  to  he  seen,  and  the 
inatrunienta  are  said  to  have  been  made  of  tim  fiatt,*  {tuyata  dt/tr  bkme.) 

•  T-  I'lit  itintiiifnriiiri-  (tin  |ilrtW>  wlii<Jieonirihute«Mi  laryely  lo  (be  fiirnUtiiof 

of  >~.  Jii     in  «ii|>|>ua«il  Vt  kuof  aucioni  date.    The  tjCTmnni  « cf«  lira  Erst 

«••'  <  (aodeni  uines. 
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No.  250  i>  from  Uia  "  Dicdonnairc  (Bcorxunirjuo,"  Pftiia,  1738,  3d  >diL 
Toinoi,S64.  It  in  obvioualy  copied,  witlilhc  distilling  ftpfMnlua  of  wLid 
it  forma  »  part,  fn^in  some  oltla^r  work.  Xn.  £48  ditTrn  id  iibliitiig  &\m 
UioM  belonging  oii«  of  the  Dianoh*,  (No.  £36.)  while-  the  fui-Ri*  of  Na» 
249  »nd  2.50  «re  eviitenlly  owing  to  thta  matcriftl  of  which  theji-  are  Riuk, 
v'a.  tinned  iron;  the  leg*  were  scparftie  pieces,  und  ihcir  juactian  CdfimJ 
an  acute  uts^le. 

Tb<:  auckinff  tube  is  not  figured  bv  Dec&us,  Flujd,  Moxon,  Bojtle.Bdt 
dor ;  uor  yet  uy  Rohault.  Gravcs&ndc,  Dec&giiliers,  nnJ  tlie  AUw  NoAeb 
•Uhough  it  was  in  tiau  before  tb«  nopulitr  works  of  the  lut  n«Tnn]  kulbon 
were  publiihcd.  Switzer,  in  his  HydrottaucM,  1129,  hu  figannl  «  ufAaa 
for  trutsfcrring  water  over  ■  hill  with  n  ahorl  siickitig  tube  BttaclKd  ;  bni 
this  !■  placed  near  the  ton,  and  wa«  designed  lo  draw  off  the  air  thK 
might  accumulate  at  the  bend  aller  the  initniment  had  been  wme  tine 
ia  use. 

In  Martin's  "  Philosophical  Grammar,"  Lond.  1762,  aixtb  eJit  No.Sfit 
is  represented.  The  tiictting  tube  appe&rs  but  w  the  nueI«uB  of  tie 
modem  one,  being  a  very  sliort  conical  piece  atUohed  to  the  extrunin 
of  the  discharging  leg.  The  tigurewe  suppose  wu  in  the  prvvious  e£- 
tioni  of  the  work.  It  waa  copied  into  the  I..r»idon  Magazine  for  1764, 
p.  694,  and  is  there  nnmed  "  tW  nyphon  or  crane  w  aimmom  tuc."  Bm 
the  sudting  tube  was  fiilly  developed  before  these  date*.  In  "  Aru 
Metieres."  it  is  not  conniled  of  its  fair  propordons.  Tbe  treatise  on  tbe 
of  the  Cooper.  (An  Hu  Tnnnelier.)  wajt  published  in  1763,  vid  in  it 
S6S  is  given  as  rhe  siphon  then  used  in  Paris  for  etnptying  wine  eaalCA. 
It  was  made  of  tin  ptaie,  and  for  the  convenience  of  hanging  it  up  wi 
iKM  in  use,  a  ring  was  attached  to  the  upper  pan.  "  Ce  siphon  est  coooq 
sous  1«  nnm  dc  pomjte."     (Folio  ojit.  p.  47.) 

"  L'Art  du  Di]iti]1nl)Mir  Liiiiioriste,"  was  published  in.  1776. 
annllirr  valunble  mcidilicution  of  tbt^  siiibon  is  exhibited.  Sec  No. 
This  in  iu  outline  re«emlile«  the  preceding  one,  being  made  of  the 
mati<rial.  It  h&a  no  sucking  lube,  but  the  discharging  l^g  i^  cIohn]  by  • 
cock,  and  the  receiving  one  by  a  light  valve  opening  inwards;  heaeo 
wbi^n  once  charged,  this  siphon  would  always  remain  so  while  the  codt 
w&»  kept  shut:  it  eould  he  moved  fiom  one  vessel  to  empty  onothar  at 
pleiuure,  for  as  soon  as  the  end  of  the  short  log  was  immer«ed  and  th« 
cock  opened,  it  would  commence  lo  acL  This  itutrument  was  aanad 
"  M>(«  ^  dapet."     (Polio  edit.  p.  140.) 

The  more  commoti  form  of  the  siphon  as  now  used  ia  shown  at  Ko.  2Si, 
a  ralve  in  the  short  leg  being  disponsed  with.  Small  iiniruraents  art 
so  easily  charged,  that  liiile  or  no  odvfintage  is  derived  from  keeping  then 
filled.  Liquids  confined  in  them  become  insipid,  and  in  some  casc«  tainted 
by  the  material  of  the  tube ;  besides,  as  small  siphons  arc  required  to 
decant  different  liquids,  their  contents  must  be  discharged  every  urae  lbs 
liquid  is  changed.  On  these  accounts  the  valve  has  been  dropped.  Ths 
junction  of  the  sucking  tuW  with  the  discharging  leg  must  always  be  kept 
below  the  surface  of  the  fluid  to  be  drawn,  as  the  %-irtual  length  of  tlte  Ug 
there  terminates.  By  means  o{  the  cock  the  discharge  can  always  bs 
regulated,  and  when  a  receiving  vessel  is  filled — ontuoJy  Btoppod  until 
another  vessel  is  prepared. 

Siphons  with  small  syringes  attached  for  the  purpose  of  charging 
are  frequently  made  by  sOversmiths  for  decanting  wine  from  ordt 
bottles,  &e.     See  Ko.  S55.     The  capacity  of  the  syringe  ■honU  « 
tllit  of  the  siphon,  u  one  Mrrh^e  ov>\^  1^t\  iv^-matA  o%e\  oif  Um  vittoti 
he  used.      AuiiospWric  anA  torcvu^  ifwrnps  u«  o^ku  >m«\  Vi  ^nw^  xw 
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\  IfHii;  siphons ;  ihe  ftirmcr  being  applied  to  the  dtacharging,  uad  tho  Urirr 

to  Uie  receiving  orifice. 

Of  devices  l^irsbippitii;  and  renewing  tlie  dtAcharKe  without  either  cuctu 
or  viiivpd,  ihe  nV/rmAwjy  n/thom  i»  tlio  olJoitr.  It  was  so  narncil  from 
its  invc^ntion  id  ihai  rily.  The  legii  are  of  ei|ual  letiglh,  and  to  prevent 
tbn  lulmitjion  of  air  when  the  iiialrument  U  nut  m  use,  their  ends  Are  bent 
upwurds.  iJoo  No.  256.  (Fur  the  lutDvenience  of  discharge,  oiie  end  i* 
corniiiorily  recurved.)  Thri  alled^d  advantages  of  thia  atphun  uver  othem 
were  more  im&t^Dary  llutii  real.  It  was  at  one  lime  anuoiinced  aa  "  a  very 
exiraonlinary  macbiue.  |rirrfurn)ing  divers  things  which  the  common  siphon 
'  esnnot  reach."  Thus,  when  the  legs  were  itiserled  in  diffcrcnl  vessels,  it 
W&a  said  U>  pra«erve  the  liijuiil  at  liie  ssme  lovel  in  both ;  and  although 
the  lcg»  were  ofecjual  length,  water  rose  inJifTercnlly  up  one  and  descend- 
ed through  the  other,  bciidea  other  properties  which  in  fa£t  arc  commom 
to  all  siphons.  lis  aidy  peculiarity  consists  in  the  ends  of  the  legs  heing 
turoi^d  upwards,  so  as  to  retain  die  fluid  within,  and  thu«  bo  always  ready 
far  u«e  ;  but  this  retention  of  the  contents,  although  theoretically  true,  ta 
in  practice  hardly  attainable,  since  it  retjuires  the  oriHpes  to  U;  always 
preserved  »n  the  same  hurizoiKal  lino^a  condition  extremely  difficult  to 
perform,  f^xcept  with  very  small  insiruntents,  and  whoiw  emU  iire  turned 
considerably  up.  If  the  ends  reach  only  to  a  level  with  the  iip[>rr  side  of 
the  fli!xurr;,  the  ulightest  change  ol'povitiun  tnaltos  one  leg  longer  than  the 
otber  ;  nir  is  admitted,  and  in  a  moment  ihe  whole  contents  arc  ex[>«llcd. 
A  tiphon  thiiN  made  of  inch,  or  )  inch  Tiihing,  could  not  tie  mi>ved  frora 
one  vessel  t>i  dnnther,  or  hung  ugainst  a  wsU,  without  the  conlenls  being 
tlia|iliu:ed.  Difiks  or  siopiwrs  plact^d  over  lite  orifices  would  prevent  thia, 
tmt  tbey  would  virtually  be  vulvei.  The  Wtrtemhurg  siphon  is  con»e- 
tpienily  aeldom  Keen  except  in  tha^  lecture  room.  (See  PhU.  Trans,  xv, 
64C-7,  and  I.cmthorp's  Abridg.  t,  S37-9.) 

In  IBOS,  M.  Argsod,  the  inventor  of  lamp  burners  that  go  under  his 
w  name,  devised  a  "  valve  siphon"  precisely 

similar  to  No.  253.  From  remarks  made 
ill  tlie  journals  uf  the  time,  he  seems  to  have 
been  oonsiderod  the  introducer  of  the  valva 
—an  erroneous  idea.  As  regards  the  c«w»- 
tfrnrlioH  of  bis  siphon  idl  that  could  be  claim* 

by  or  (or  him  was  tlie  mode  of  connecting 

-'fS^^y^'  the  legs  to  the  horizontal  pan  by  screws,  eo 
J  —  *<*     Jj^t  they  might  easily  be  separated,  either 

for  the   purpose  of  cleaning  or  more  con- 
I  veiiienlly  packing.     But  Argand's  noi£e  of 

N    (ft-  'iargtng  his   siphon   was    novel.      It    wm 

effected  on  the  sanw  principle  ns  water  it 
niscd  by  tha  atnme  h^rauUqur.  (page  372.)  viz.  by  nioving  tlic  instni* 
mem  iM*riM*ndioulaTly  up  and  down  in  the  liipiid,  until  it  became  filled. 
InttCAu  fit  imparling  motion  to  the  whole  instrument,  which  in  larger  onea 
would  be  inconvenient,  M.  Hac^ietto  suggests  that  the  lower  pari  of  the 
ruceiviug  ley  be  connected  to  the  upper  psrt  by  a  flexible  lube  of  leather 
tw  tdoili  im(>etmeable  to  liuuids,  so  thai  tli«  part  in  which  the  valve  t« 
situated  need  only  be  moreu.     kMSo  No.  257. 

Stphuns  are  necessary  in  numerous  inanipulalionaof  the  laboratory,  and 
modcini  researches  in  cheraiBtry  have  given  rise  to  several  beautiful  dovieea 
lor  charging  them,  and  also  for  interrupting  nnd  renewing  tlicir  actkin. 
When  rorrt'sive  lii^ uids  or  those  of  high  lem|>er«tures  are  to  be  Lransferred 
by  siphons.  K  is  often  iuconveuienl,  and  eometimcs  dangerous  to  put  th<:nl 
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in  opemtion  hy  tlve  lungs.     Moreover  coclu  and  ralves  of  meal  btb  i 
on  by  uida,  and  in  nine  cases  wotild  affect  or  desiroy  the  pnpcrtiM 
the  fluids  tbeouelvea. 
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No.  3A3  shows  how  hot  or  eorrostvo  liquids  dibv  bo  drawn  ofl*  fraa 
wide  mnuihrd  bottle  or  jar.    Tba  ahnn  le^  o(  a  aipnon  is  toserred  tltraii|^ 
ibo  cork  ;  oiid  uUo  b  small  lube,  through  which  Uiu  opemior  blow*,  ud 
by  ihe  pressure  of  his  breaib  ibrecs  tbe  liquid  through  the  sipboo. 

No.  299l  n:{]res*Mits  a  siphDn  sometime*  employed  by  cbemtsU.  Wlwi 
used,  the  abort  leg  is  first  placed  in  the  fluid  lo  be  decanted,  tbe  flame  ef 
B  lamp  or  candle  »  then  applied  U)  the  underside  of  the  buib ;  the  fcetf 
rarofiaa  the  air,  and  consequently  drives  out  tbe  ^ater  port  of  it  throuck 
the  discbftrging  orifice.  The  linf*er  is  applied  luiou  orifice,  and  as  tbe  bolb 
becomes  cool  the  attnnaphere  drives  up  tbe  licjttid  into  ibe  void  and  pnu 
tJio  instrutnent  in  oiHtmtiun. 

No.  26Q  is  a  dpnon  by  M.  Collardeau.  It  is  charnd  hy  pomot  a 
quantity  of  the  fluid  to  be  decanted  into  ibe  funnel ;  the  bent  pipe  attacMil 
to  which  terminates  near  the  top  of  the  discharcine'  leg.  The  fluid  ia 
descending  through  this  log  bears  down  the  air  withm  it,  on  tbe  princjpk 
of  the  immbc,  and  the  atmosphere  drives  up  the  liquid  in  the  reaenroir 
through  the  short  leg.  Jn  experiments  with  this  instrument  we  inranakl^ 
found  the  contents  of  the  charging  lube  drawn  into  the  siphon  when 
the  orifice  of  the  diseharging  leg  waa  not  made  smaller  tban  the  h^r^ 
the  receiving  one.  By  not  attending  to  this,  such  siphtms  wilt  only  act  U 
long  as  wau>r  is  poured  into  the  funnel. 

No.  £61.  A  glass  siphon  for  decanting  acids,  &c.  It  is  char^ml  by 
sucking,  and  to  guard  against  thL>  contents  entering  the  mouth,  a  bulb  is 
blown  on  the  sacking  tube.  The  accumulation  of  a  liquid  in  this  balb 
being  visible,  ihi;  operator  can  always  withdraw  his  lips  in  time  to  pre- 
vent his  tasting  it. 

No.  263  is  designed  to  retain  its  conlenu  when  not  in  use,  M  that  on 
plunging  the  short  leg  deep  into  a  liquid  the  instrument  will  operate.  This 
effect  however  will  not  fiillnw  if  the  end  of  the  disohai^ng  leg  deaeavd 
below  the  flexure  near  it,  and  if  its  orifice  be  not  oontracted  nearly  ia  i)m 
of  a  capillary  tube. 

No.  363  is  H  siphon  by  which  liquids  may  be  dnwn  at  interraU,  via. 
hy  raising  and  lowering  the  end  of  the  diMtiarging  leg  according  to  the 
surface  of  the  liquid  in  the  ciMem. 

Our  own  labors  have  developed  wme  novel  niodifieuions  of  the  aiphan. 
No.  3fll  is  charged  by  un  appaiUna  designed  as  a  substitute  for  th« 
•yringe.  (See  No.  3.^A.)  The  sucking  tube  of  an  ordinary-  Mphon  is  mada 
to  pass  through  the  centre  of  a  much  larger  pi)ie.  This  is  closed  at 
bottom,  open  at  top.  and  its  Icngtii  «|Mal  to  that  of  the  short  leg.  A  m 
sble  tube  open  at  bottom  ami  e\aa«d  ahtatQ  S«  ^«\n^  ui  ti^tAn  v\k  ^k>e  U«t. 
is  of  such  a  bore  thu  ibo  t^mx  \»VK«n  a*  »*^  »»A  -AMi  cVtomAu.^ 
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■onali  iW  cipacit;  of  ilio  liphon.  Ta  use  this  inatrumeDt,  fill  die  wtdo 
tUM  witli  wamr  or  xmiv  nther  Auiii,  ami  place  lli«  short  kg  ititn  tJie  litjuld 
to  Itu  (Jccni)U-J ;  thvu  cli>*c  the  urifici;  of  tlie  long  lef^  wilh  tlie  finger,  and 
raisu  the  niDVoable  lube  (by  Uie  ring  attached  to  it)  and  the  sipnoti  will 
W  charged-  In  itsing  (his  iturtruweiit,  the  fluid  by  which  it  is  cliarged 
does  nui  mix  with  tiuu  which  id  devalued,  aa  in  Ko.  '260.  The  apparatus 
n  more  simplu  than  a  ayringo  and  in  not  liable  to  be  deranged.  By  using 
nicrcury  botli  tlte  leugui  and  bore  uf  the  charging  tubes  may  be  greatly 
reduced.  Ai  these  tultea  Uiemselves  coosiituto  a  siphon,  (see  No.  <f38i) 
llic  uplHT  Olid  of  the  small  exkaustiiig  one  should  extend  a  little  above 
ihni.  wliich  contains  the  charging  Huid,  leet  this  should  occasionally  rise 
over  llti!  orifice-^iii  which  ease  the  whole  would  be  drawn  off.  A  descrip- 
tion of  tliii  aiphoti  was  published  in  the  Joomai  of  tho  Franklin  liistitute 
{or  November,  1S34. 
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No*.  366-€  TcpresODt  another  mode  of  chai^ng  siphons  on  the  same 
principle,  but  the  apparatus  is  more  simpto  aud  is  accompanied  with  som« 
peculiar  advantagos.  Tho  siphon  itself  hus  no  exhausting  pipe  aiuched 
Ui  it,  liut  is  a  bcDt  tube  simply,  tt  is  put  in  operation  by  means  of  a 
inoveabte  tube  c^  about  tho  wme  length  as  tho  discharging  leg,  aud  having 
the  bottom  closed  and  a  lip  or  spout  formed  on  its  appcr  edge.  This 
tubular  ve«gol  is  filk'd  with  water  (or  other  fluid)  and  the  long  leg  of  the 
siphon  inserted  into  it.  The  short  leg  is  then  placed  into  the  liquid  to  he 
decanted  and  the  moveable  tube  drsM'n  gently  down.  The  air  within 
becomes  rarefied  and  the  instrument  chareed  in  consequence  of  the  vacuity 
left  in  the  long  leg  by  the  receding  liquid.  The  moveable  tube  msy  llien 
be  wholly  withdrawn  or  not  as  circumstances  may  dictate.  If  the  lif|uid 
is  to  bu  deranit'd  at  intervals,  or  the  stream  incrcaw;d  or  diminished,  the 
tube  should  be  used  ;  thus,  to  lessen  ur  stop  the  diHchar|;e,  slide  up  the 
tube  and  as  the  lip  approaches  to  a  level  with  the  Mtrfaci^  in  the  reservoir 
the  ttnnw  will  bccomf  less  nnd  less,  and  by  raiiting  it  slill  higher,  as  in 
No.  265,  entirely  stopped.  Hence  the  iimtnimeiit  acts  m  a  perfect  cocJt, 
liy  which  tho  liquid  mny  be  discharged  tn  sitiglii  drops  or  in  n  full  stream, 
and  unlike  thu  ordinary  brsM  lap«.  it  Cjih  never  leak  nor  nnjuirr-  n-iiatrs- 

TIh'  apparatus  also  p^Tform*  iIm*  part  of  a  gva^e,  vin.  bv  accumtely  mdi- 
calini!  tho  suHace  of  the  Utiid  within  any  Vensel  to  which  it  is  iittaehed. 
Suppose  we  wish  to  know  the  quantity  of  liquid  reranining  in  a  demijohn, 
or  fither  close  vessel,  after  dntwing  nfTpiirt  by  one  of  these  siphom  ;  all 
that  is  required  is  to  slide  up  the  lube  till  tlte  liquid  barely  drop«  from  the 
lip^its  surfare  in  the  lube  will  then  be  on  the  Mime  Uvti  aa  in  tlie  domi- 
joho,  If  the  moveable  tulw  Iw  niade  of  glass,  the  quantity  ]eii  can  always 
(to  known  ut  li^iit,  because  its  nurfuce  in  the  lube  would  atwnys  be  visible. 
A  device  vl'  Uni  kuid   might  lie  employed  tu  draw  off  and  to  gusgf  tli« 


«88 


Etebank'*  Si^tonM. 


[BookT. 


oontrau  of  naodiiuc  casks.  It  would  bo  better  to  mJto  th*  ditolm^iq 
leg  of  this  siphon  oT  rather  larger  boru  tbwi  the  short  one,  sitiof<  thv  nrt 
fiutioR  woula  then  be  mora  peTfucl.  The  discharging  leg  mtiet  aJwm-i 
be  itueriod  in  the  moveablu  tube  bufgre  thu  short  on«  w  pUovd  in  tw 
liquid  to  bo  tnuufcrred.  (vxti  Juum«l  of  the  Fnuiklm  Institotc  fW  Juij 
and  Novomber,  1834.) 

No.  2&7  a  formed  of  a  contcaJ  tubv.  u>d  dwrged  bjr  the  act  of  ptadaf 
it  in  the  Huid  tu  be  transforrml.  'Th«  end  of  Ui«  lone  leg  ia  Rnt  cIoma 
light  by  the  hngor,  and  tlie  •b'ort  one  tl>«n  ■(nnwrwd  u  de«p  «*  cu  bt 
cnnvcmenlly  in  tht?  li(|uid.  Tlw  air  bein^  thuo  confinvd  prevents  thv  Uqeiil 
froin  viit«nng,  but  when  the  liugxr  is  withdniwu,  it  tu  urged  up  tbv 
log  bv  the  hydrontiLtic  pruwture  of  the  column  over  (bv  onHoe  of  the  1 
and  tlio  jntmvmtittn  uf  tno  lurge  volume  coiit«iiied  in  tijti  lower  part  dn 
Kuflicietit  o^er  the  )>etid  to  put  the  iiiairumeitt  in  up«rvtion.  The 
of  this  itiphon  dHpemU  u[>on  the  saute  principle  aa  Cha  Kpouting 
doHcribed  in  the  last  chapter.  This  aiphon  ia  in  tkcl  merely  one  oT  \hvm 
bent  into  a  proper  form.  The  Iwnd  ahould  be  a  regular  curve  in  order  to 
preseiiiaa  httle  obstruction  as  possible  to  ibe  litjuiil  m  uaasing  over  :  it 
•hould  also  he  thort,  so  as  to  require  leaa  of  the  [uuHiing  fluid  to  All  it  tbaa 
a  longer  one.  The  proportions  of  the  diflereni  ]ian«  of  theac  aipbout 
ahould  approach  those  represented  in  the  cut.  Small  viphom  on  this  pUa 
are  liniiti^d  in  their  opplicBtiitn  to  lhos«  coses  where  the  abort  lega  can  b« 
iniineraed  half  their  depth  or  more;  but  tfao  application  of  large  inatninwall 
■ncreaaea  with  the  depifa.     (See  No.  236  and  remarks  upon  it,  pagv  499.) 

No«.  268-9  are  hloKtng  siphons,  being  charged  by  blowing  with  tlu 
mouth  through  the  tubes  connected  to  tfae  orif>cca  of  the  diK-liArgiiig  I. 
This  mode  of  producing  a  vacuum  in  one  pipe  by  blowing  air  Oiitmi 
BJiolhor  is  sufBcienlly  explained  in  a  previous  ehapter.  In  No.  369, 
junction  of  the  siphon  with  the  blowing  tube  is  flash  or  MDootb  is 
interior  of  the  latter,  and  whenever  ihis  is  the  case  a  conical  ^juiaee  m 
be  added  as  represented,  or  the  mscrumem  cannot  be  ctiargea.  | 
remarks  on  blowing  tubes,  pp,  486-7.)  The  better  way  i»  tu  make 
siphon  like  Nn.  268,  in  which  a  part  of  the  leg  prnjeota  iuio  the  Usviag 
tube  and  diverts  thf  currenl  nf  air  fmm  the  lungs  over  the  orifiM,  W  is 
Nos.  'iO!t—'6,  '7,  and  '13.  These  are  mi>re  mtidily  charged  iboo  ibe  othvtii 
and  although  they  will  operate  wilhnul  the  conical  ajutage,  they  W  Wttb 
easier  chnri^eil  with  iL  ]^y  such  siphons  water  may  be  raised  one  or  two 
(ert  by  B  smart  ptifl'.  Thry  are  safe  and  convenieni  lo  iranffrr  aeida,  Icc 
as  there  is  not  the  least  danger  of  receiving  any  portion  into  the  tBOOtki 
as  when  sucking  siphons  are  uiwd. 

Siphrms  an;  now  used,  as  thry  wi're  by  the  Egyptians  in  Eieron't  d 
lo  convey  wat^r  lo  rnnKidirablH  dislanrcs.  When  they  «re  laid 
ground  lltat  \*  cievaU>d  fnim  20  to  2.'>  fm-t  above  the  spring,  •  tjawOty 
air  la  disengaged  from  the  waber  al  the  higbttst  parts  of  the  tube,  kmI 
luulating  there  is  very  npl  to  causo  the  action  to  cease.  Tn  preveol 
a  cloM  vessel,  furnished  with  a  ctKk  and  funnel  at  the  bnp.shotild  be  enn 
neetcd  at  iu  bottom  to  the  highest  (mrt  nf  the  siphon  by  a  4tnp  rork 
valve.  The  air  evolved  from  the  water  will  collect  in  this  ves«T*l 
should  be  occasionally  drawn  off  in  the  following  manner.  Shut  ihe  h 
cock  and  open  the  one  attached  to  the  funm-l ;  th<in  expel  the  air  Ky  fiUiiw 
the  veesol  with  water  and  turn  l)ic  cocks  as  at  first.  As  fresh  portions  gf 
ftir  arise  from  the  liquid,  they  will  enter  ihn  vessel  and  dnrn  rbo  water 
down  the  discharging  leg.  AVhcn  the  ground  is  very  nneven  at  the 
highest  parts,  the  several  cminencea  of  lite  mYiKon  ^wiutd  1h>  cwmevhMi 
annll  tubes  to  the  ait-cWnVtcr. 
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We  bave  known  siphnna  from  «  qiinriRr  to  half  ft  mite  in  length,  aud 

fDrmctl  of  IpoJen  pipps  only  half  on  inch  in  lliA  liore  continne  running  rmm 
mnc  to  rifWen  mnmna  without  oncf  stdpfiin^,  Bllhnugh  an  ur-vessals  were 
AliaebKl  in  rh«m.  In  nnu  cs^e  the  pipe  wu  tSOO  fpet  in  lenglli.  the  oriRce 
til' the  dUcliartring  legwu  but  fivt  orFix  frel  tx-lowthai  of  the  receiving 
one,  and  iIil-  Kignest  part  of  the  tuhe  was  trom  12  to  IS  feel  aboTe  the 
•arr&cf  of  the  spring. 

An  opinion  is  ruirent  with  some  wnters,  that  (ho  extreme  eleration  tit 
which  water  ran  be  carried  by  siphons  wm  unknown  to  the  ancients,  and 
thai  Heron,  the  most  celebrated  writer  of  anriqmty  npon  theec  inntni- 
mcnis.  was  not  himielf  Dware  of  its  limitation  to  about  M  feet.  It  ia  noC 
dear  that  Heron  was  thus  ij^orant;  but  if  he  were,  it  would  only  ^huw 
that  in  this  department  of  ihe  arts  he  waa  no  practical  man.  That  ancient 
plumbers  and  pump-roukers.  M-ho  prepared  and  laid  large  aiphtins  were 
aware  of  the  limitation  there  cnn  be  no  doubt,  juat  aa  the  aaine  class  of 
mechanics  wen*  m  raodvm  times  with  regard  to  pumpa,  bclore  philnsophers 
were  informed  of  the  fact  or  able  to  account  for  iL  As  however  siphoiu 
for  eonveyinj^  water  over  hills  and  lo  great  dislanccs  ha^c  always  been 
of  rare  occiirrct>cc,  (comparatively  speokmg,)  it  is  not  at  all  surprising  that 
even  some  hydraulic  engineers  should  have  been  thus  ignorant  with  regard 
lo  them,  nlchouffh  familiar  with  the  extent  lo  which  water  can  bo  ni«ea  by 
BLmosplieric  pumps.  If  some  of  these  men  have  talked  of  conveying 
Water  by  viphons  over  mountains,  wc  i>cver  hear  them  speak  of  raising  it 
to  et|ua1  elevations  through  the  snciion  pipes  of  pump«.  Daily  pxperioncc 
in  applying  llie  latter  to  various  depths  prevented  them  from  falling  into 
the  i-rror. 

Raptisi  Porta,  in  ihc  19th  Book  of  his  Natural  Magic,  crpeaks  of  raising 
Water  by  o  siphon  to  the  lop  of  a  high  tower,  and  several  old  wrirers  have 
the  name  conctMl.  This  waa  in  accordance  with  the  ancif-ni  doctrine  of  the 
pleniaU,  who  denied  the  possibility  ofa  vacuum.  They  aitrihutcd  th«  ascent 
^f  T.,...:.t.  tkrough  siphons  to  naiare'a  obhorrvnce  of  a  vmi,  and  imagioed 
tlji  I  to  be  unlimited.     Bui  these  men  were  philomphera,  whoae 

pr»>  ii>,.i  ^L.jwlcdge  wa«  conlined  to  portable  expcrimenla ;  had  they  been 
Wfirking  pump-mnkerrt  tliey  would  have  knovm  Ijctier;  (hey  would  have 
beconae  adroc«te«  for  the  onpo^te  doctrine — (vrciiMtt.  So  long  was  the 
AITor  of  the  plenist*  maintained,  observe*  Swit7*-r.  "  thai  I  hare  seen  a 
book  of  \fiichine«.  written  even  in  Queen  KliKnbeth's  time,  by  one  Ward, 
Ml  enginoor,  who  ventur'd  to  give  a  sketch  of  a  high  hill,  and  a  house  at  the 
bottom  ur  «ido,  over  which,  by  a  vaal  extended  syphim,  the  water  waa  to 
he  convey'd  from  one  vnlit  to  antilhcr."  The  author  of  the  old  trvaltae, 
tmtirled,  *  An  and  Mature,'  <]not^d  at  pp.  3SI,  37;),  was  of  the  same  opi- 
nion. "  Ifff  to  rtmrrff  wtUrr  orrr  ft  mmmfnin  :  this  experimeni  ia  aa  casie 
(o  be  perfiirtned  as  any  of  the  former,  and  iixleed  afler  the  same  manner, 
for  V"»  muDt  lay  a  pipe  of  lead  over  ihi^  mountain,  tviih  one  end  in  tltc 
•pnng  or  water  tliat  you  desire  to  convey,  and  the  other  end  must  ltd 
Mrmewhat  lower ;  then  onen  the  pipe  at  the  top  of  the  mountain  ;  slop 
both  ends  of  the  pipe,  ano  with  a  tunnell  ft!)  the  pipe  full  of  water ;  ib«n 
close  It  up  exactly  that  neither  aver  nor  water  may  comf  oat  thereat ;  iheo 
annop  both  the  ends  of  the  pipe,  and  the  water  will  run  continualtv," 
(p.  10.)  Decaiia  ap^tears  to  have  lj««en  bntier  informed,  if  we  may  judge 
iron  his  remarks  respecting  the  perpendicular  leiigtli  of  pipi^^  of  atmo- 
apberic  pumpa.  In  large  engines,  he  rerommet>dB  that  fhey  l>e  iMit  made 
ower  SO  fret ;  and  including  the  working  cylinders,  he  Mys,  "  I  am  of 
o|M  it  Ithe  water]  rmist  not  be  ronHlrnitted  to  rise  mtir^  than  thirty 

ftf:  iiL"     The  Mcund  plat*  of  hi*  "  Forcible  Movemunts"  repre- 
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■enu  iwn  kunospheric  pumps  plsced  oai>  ai>ovc  Ute  other,  luitl  ibe  lowM 
one  rniMid  it  frmn  "24  lo  U6  i'eet."  and  llie  upper  une  "  inajr  nJte  i:  Cr-ini 
thcncu  24  or  30  t'eel"  higher.  Tbo  "  Forciiile  Movuuieuu,"  itwiii  tc 
remembered,  wu  published  about  thirty  y«ara  befctre  die  diucorerjqf 
umospheric  preseura. 

Conirivances  for  discharging  water  From  the  ^ghrtt  part  of  tipbpu 
have  often  been  proposed.  Th«y  aru  to  he  met  with  iu  aeveral  old  authi^r^ 
aud  the  principle  oi'  mu«(  of  thwm  m^y  bv  found  in  the  Spiriuha.  Thvy 
are  however  Bolduni  vtiiploy«-d,  becauvv  circumstances  on  which  iJiey  de- 
pend nirtiiy  occur ;  and  othi^r  devioet  art;  prrfrrablf  wea  uoder  ihoM 
circumt>tanct;s.  A  ditMcriptivu  nccount  of  a  luw  of  thvm  may  inteniM  mnbc 
muciiiniela,  iind  br  »wrvici^jili!e  to  othtir*,  vii :  by  pruvrntmg  them  froq 
nxp**nd>ng  ihtttr  MnergiM*  in  d<;vi9iuig  mmilur  thingw-  liidrvd  io  this  n»tt 
boolc»  which  contain  accounts  only  uftltR  iittt  nii.clitni^>  sre  not  nlWav* 
rnuxl  UHdfut  U>  tmvtntorM.  Iu  whatever  ditpartuitfnl  of  thn  *rt8  ihpMf 
exercise  their  t&k'tiU  they  are  olntoat  certnin  to  lull  at  om)  iiin»  or  nnixi 
on  old  devices,  which  appi-ur  lo  them  )m>i1)  m.>w  aad  ecjual  U>  ■  - 
in  common  use.  Bunks  ihcn^l'un?  which  describe  rejected  awS 
contrivances  are  not  bo  worlliless  as  some  persona  imit^iiM:. 

One  plan  to  raise  water  by  a  siphon  consuti  in  enlargitig  or  swatlu 
out  Rl  or  iieiir   the  bend,  or  wliat  amounts  lo  ihf  same   ihme,  connnc 
the  legs  to  an  air-light  vessel ;  and  when  Uiis  becomes  tilled  tho  comf 
nication  betworn  it  and  the  legs  is  cat  off  by  valve*  or  cocks,  aikJ 
contents  drawn  off.     When  this  is  dohc  the  vessel  remaiua  filled  with 
which  if  Kdmilted  into  the  legs  wi>uld  stop  t)»c  action  of  tfao  siphon. 
must  therefore,  in  order  to  expel  the  air.  be  filled  with  some  liquid 
replace  that  drawn  out.     Suppose  a  siphon  of  this  kind   he  dni^iied 
raise  water  for  the  supply  of  a  dwelling,  in  or  near  which  the  veasel' 
placed,    it  may  then  be  refilled   with  refuse  or  impure  wster.  which 
adjUDting  the  cocks  will   |>ass  down  the  discharging    leg.      Theu  aflarl 
short  time  elapses,  the  vi>ssel  will  again  be  Filled  with  fr«ah  water,  wl 
may  be  a^in  exchiii)g<-d  for  the  same  tjuanlity  of  impure. 

In  locations  when-  rivf  r.  salt,  or  any  other  waier  can  thus  be  excfaangiJ 
for  fresh,  and  it  is  ueMi-able  lo  do  so,  euch  deiHces  are  applicable.  (In 
breworiea,  distilleru^s,  &c.  the  descent  of  one  litjuid  may  tftus  be  raule  la 
raise  another.)  It  should  however  be  obserwrd  that  an  e«|uid  i|uantiiv  musi 
be  givnQ  for  ihat  recrivml,  aiul  it  must  descend  rather  more  than  lbs 
rises.  But  when  circumsliinces  allow  iheae  conditions  to  Iw  fulBll 
apparatus  is  not  always  to  \*e  ilnpcndud  upon;  air  insinuates  itself  1 
the  minuteiit  imi>erfertion«  in  i)ie  pipies  and  rocks,  Hnd  oflvn  dfitanges 
whole.  One  of  ihcM  airihnni  is  described  in  Nicholson's  Jovra^^ 
rol.  iv,  and  in  vol.  ii,  oi  Gregory'*  Mechanics.  Aonthor  in  tlM 
theque  Phifuco-Goonomiijue,  which  is  copied  in  vol.  s,  of  the  Rei 
of  Arts,  2d  series.  Another  is  figured  in  An  and  N'ature,  A. 
with  two  close  reservoirs  at  the  top  ;  and  Porta,  in  <-ap.  3,  liook  xix.  of  I 
Marie,  describe*  another,  wiili  the  close  vessel  on  the  i/ip  of  a  tower  :  the 
discharging  leg  is  described  as  lerminaling  in  aDothrr  close  vessel  of  the 
Mine  size  a.s  the  one  above,  anil  tumiiihed  with  a  cock  and  funnel  chroggh 
which  to  fill  it,  and  another  cock  to  discharge  t)ie  roiironu :  this  rharg> 
ing  vessel  from  his  description  appears  to  have  lieun  placed  on  ihe  grvond 
a  little  below  the  spring  and  then  emptied — if  so,  the  appamtus  could  not 
act.  He  does  not  appear  lo  have  been  aware  of  the  necessity  of  the  cc 
le&is  of  tlie  lower  vessel  lM>ing  discharged  from  the  orifice  of  a  pipe 
much  Itelow  as  the  recelviof;  vessel  oti  the  tower  was  above  the  se 
Tfce  device  (whieh  be  proViaJD\^\m^erfccv\'a  wv*^^^'*'™***^'"^ 
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would  llieii  be  Uie  »iime  as  ihe  siplion  for  raising  wmi«r  which  (ymve«nndo 
hu  lifiurud  ill  xhti  n^cond  vnlurn?'  of  his  Philoeophy,  p.  1)9,  plnU  74. 

The  bfflt  uf  ihv.ie  deiHces  are  not  only  sulijccl  In  «l«ningemcni  \>y  the 
WVir  ')f  tiie  cocks  and  valv^,  and  want  of  run-  in  upnning  and  closing  tliem 
at  tht;  jirttper  urnet,  Iml  tli^y  rt'ijuirv  almnsl.  n»  niurh  aUrndancc  bb  would 
ffuiHec  Lu  raise  ibe  t^aivr  dirccUv  from  iliu  efirin^ .  On  thi*  account  Tariuun 
oontrivaiiceB  have  l»eon  proposed  lo  rt-fdi-r  ihi-in  wlC-acting. 

An  ingetiiouB  de^ce  of  this  kind  may  lie  isw-n  in  li>«  Getitlenuui'fl  M«- 
gaaiw  lor  1747,  p.  OSli.  It  is  namrd  n  "  iijitng  nphan."  Walpr  from  ■ 
■prtiitj  is  received  into  an  op«n  ci»l»m,  from  ilie  lK>iiom  ofMbicli  a  p'p* 
desovtids  to  a  perpendicular  depth  of  33  fttAt.  Thtt  boro  of  lliis  pipe  it 
ulosed  and  openea  b^  tuo  glup-cocks.  one  st  iu  lower  end  and  the  other 
near  the  upper,  or  jaet  beloM-  iu  junctioD  witli  the  cistern.  A  close 
vecwl  in  receive  the  watvr  raised  is  to  be  fixefl  at  any  required  elevation, 
not  exceeding  30  feet  abovfi  the  eisJem ;  and  from  iu  bottom  a  pipe 
descends  to  withio  two  inchos  of  the  bottom  of  the  cietern.  Thia  pipo 
eonniitutes  ihe  ehort  leg  of  thv  eiplion,  and  iu  upper  orihce  is  covered  oy 
a  »alve  to  prevent  iht-  »aicr  thai  nccondk  through  t(  from  returning.  From 
the  I"p  f'f  the  close  vessel  u  sniii.ll  or  exhuusiJng  pipe  proceeds  down  to 
the  one  bontratfa  tbo  cistern  uid  is  connected  to  it  below  the  upptr  tock. 
Thus  uniK'd  they  may  be  comidcred  a«  the  long  leg  of  ih«-  viphon,  al- 
though  waiMr  nuU  dL-sciriiiis  through  the  lower  branch  and  air  Thmngh  the 
Dppcr  nne.  The  apparatus  for  altematelv  opening  ard  clorinp  tin-  rocks 
(upoD  which  the  actiun  of  ihu  machine  depends)  is  somewhat  airailar  in 
pniwipio  to  thai  rcprosenicd  at  (wge  354.  A  bucket  containing  water  is 
the  prime  muVur  ;  a  rope  attached  to  it  is  passed  iM-icC  round  two  mllera, 
and  a  counlctpoisn  in  euitpeuded  iirom  the  other  end  of  the  rDf>e.  When 
the  bucket  is  partiv  tilled  it  preponderates,  and  whvn  it  la  emptied  th« 
eoonU'rpoisc  prevallB  j  hence  an  ailemaiing  movwmenl  t»  imparted  to  the 
rollom  and  to  ihc  plugs  of  the  two  cocks,  as  ibe  shanks  of  tliew  cuustiuite 
the  axlei  of  the  rollers. 

A  plan  (or  making  siphuns  of  Ibis  description  self-acting  by  meaits  of 
four  vetMcts  placed  one  over  the  other,  and  each  provided  with  a  siphon 
bv  which  its  comnnts  may  be  discharged,  wns  proposed  by  Mr.  Wm. 
Cfltnc,  in  Nicholson's  Journal  before  rofern-d  lo. 


"T;^ 


M.  Hschette  has  combined  the  ram 
of  Montgolfier  with  the  «iphou,  in  order 
to  discharge  water  from  the  apex  of  the 
laitor:  sec  the  annexed  figure.  A  the 
sfaori  leg  and  R  the  long  or  discharge 
ing  one.  The  upper  end  of  ratrh  ivrmi- 
Dates  io  a  close  chamber  within  which 
two  Tulres  attached  to  a  prrpi-ndicular 
rod  are  made  to  work.  The  npper 
valve  closes  an  opening  in  the  horizon- 
tal partititui  that  sepamttrs  the  inferinr 
of  the  chamber  from  ib^  air-vessel  and 
jei  pipe  above.  The  wal  of  iho  lower 
voire  is  at  the  orifice  of  R.  The  dis- 
tance betwevi)  \\\v  valves  is  «uch  that 
wlicn  one  is  closed  ihe  othifr  is  open. 
Their  movements  are  produced  as  in 
the  rum ;  &  coiird  sprini;  keeps  ifae 
upper  one  cloeeit  till  tlip  momentum  of 
the  fluid  in  passing  thrungh  the  siphon 
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FmaUanu  ami  JcU  J^ettu. 
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ihau  (he  tower  one.  Th?  Inw«r  ond  nf  K  it  fumished  with  a  rock,  tai 
(liiu  ofA  with  a  valvo  opening  oulurnrtU,  for  the  pqrpcwe  of  rhargiw  tlM 
tiplioo  tliroagfa  an  opening  a(  B.  When  io  opcnuion,  tbe  wuer  «Aer 
running  a  Ihlle  whilo  aoinires  tuiriricnt  tmiDwintuni  to  sliui  the  lower  VilTe, 
upon  which  a  portion  nwht-*  into  llio  «ir-v««««l  aod  escapes  ia  ■  jet;  ibe 
spring  then  c1u«(-e  ihif  upper  viilx'e,  Bnd  tbe  fluid  deacends  tbruugb  R  liU 
the  lowur  valve  is  agkin  ckMod  uid  ftnollurr  jet  prodaced. 


CHAPTER     Vn. 


PMnmtn:  Vvleir  of  ibtlr(brn«konw*eai*M>d  »»>t»ii— ■<«    l.nJitaHl 
Ibmtalnt  IVdh)  Dmuik— Piianiaiiw  In  M  KonK*— 'Wnii-r  iHBian  IVoa  Maran^-yoBBtala*  la  fiw^all 
AMiiMUMi  irunpftar— PouuuiK  k;  Jobs  of  Boi«inM  ntf  H-  Aiif*l»— OM  fewMla*  I*  Kw««kal|^ 

ABtiliui   u*!    It" ti     l<h«fcp'p«M«,   (VaynB   mml    fljoam    fiuMn.! — r««n4aM*  af  4MMn^-Tta 

youBfli"  ^■wr'a  kniMni  of  feuMBM*  In  lh>  lapMn  of  kw  Tohu  ""i  ¥tin§  !■  fBHI^w— AlaM 
10  in  Sd««MUi'a  Donf-fUlv  Ike  Ceanr-«taw«hr  EqialHM  >■  luly— PoMUtn  ilrnrtfciJ  hf  Ibv 
halo  tod  Ml)**  oU  wnMin — rmldHUoa  Ar  •mtfanl  itm*  u>  romitw— l*«ffliMMl  iM  M^Ctf  <««i- 
mIb*— PoihMmm  oUbm  public  lud  |»ii>la  biuldiBf^-BawBBui  <.i^  nl  iwrtW—J  lipw  al  E««m 
IBM**— Lvoin  •ii**<'*<t— I"!'**!'*"™' 1^  fanaUlaalMO  ■bJtb  UtnarM  unl  riiunhM  m  ■■■lalil 
Pouatatna la Ihi  apanoMkla  u(  Eutsrn  pilocoa— Watat  cemnjtd  tbc««|b  pi|M*lt)i  Ito  > 
Acid*  Ib(  lb*  iMa  sT  (bair  «aRl«— Thi«a  and  frar-aaf  (mIu. 


Aktipioial  fountains  and  jeu  d'caa  arc  of  extreme  antM|iuty  :  shhougb 
they  wore  not  (like  natural  ones)  objects  of  worship  among  the  ancicnti. 
they  were  at  lua«l  hi'ld  in  great  esUmaiion,  and  unusual  mre  WM  oAmi 
taken  in  dedignine  ami  dccoraung  them.  Indeed  no  other  hydnuHe 
devices  have  ever  been  to  greatly  and  so  variously  enriched  with  onumfOL 
The  pipes  of  supply  werw  concealed  bi  columns,  fcr.  and  their  nrifieM 
wrought  into  numerous  emblcmaiie  figures,  (see  pagv^  1I&.)  while  ikc 
basins  thai  received  the  fluid  were  generally  of  polmhed  marble.  S( 
tiines  the  pipes  lerminaied  in  statues  of  men,  women,  children,  anin 
birds,  fishes,  voaas,  gods,  goddesses,  &c.  From  them  the  fluid  spoil 
high  in  the  air,  or  was  di»cliarged  directly  into  receivers,  or  hrokmi  ia 
descent  by  intervening  objects  :  oftpniimcs  it  was  made  to  flow  over  thv 
rim  of  a  rase,  to  issue  fmm  others  that  seemed  to  have  been  aceideBtally 
overturned,  and  not  infrequently  the  figure  of  a  letnale  poured  it  from  a 
pitcher. 

From  the  Acility  of  applying  water  as  a  motive  aeeot  another  feaiurv 
was  added.  Various  autonoata  were  put  in  motion  by  meokanism  eoa- 
cealcd  in  the  baae  or  pedestal  from  which  the  flatd  issood — fiyurea  of 
men  blew  trumpets  and  played  nn  organs,  and  autDnalou  birda  warblaj 
forth  notes  on  adjacent  trees.  (Such  devioea  aredRScribw)  b*  Henw^ 
All  the  senses  were  often  gratified  at  these  fountains ;  the  sultry  atsof 
sphere  was  cooled  aitd  renderod  grateful  to  liie  feeling — the  aparkliog 
liijuid  quenched  the  thirsts-flight  was  grniitird  in  contemplating  the  daaigB 
and  execution  of  the  whole,  and  noticingiheever-changiag  ftuma  uamtmai 
by  the  moving  fluid — the  pleasure  dorirej  fimm  the  sound  of  falling  wMar 
has  ever  been  noUced  Viy  fioeta — and  not  w  formt  the  aenee  of  ft— Ifag. 
in  tlioM*  foimlains  thai  wetc  deMUoa^  ovi\^  V>  owwks**  \V«  ^MavywiucvM.  «t 
the  *ir,  tbe  water  was  o?\en  prgwiwed. 
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Tbi}  Imte  of  old  buHl>cape  nrdenoni  for  (ouotoinfl  wnd  caacades,  ter- 
p«utin0  «trvatii»,  and  oUuir  "  pMces  of  wUnr-worku"  although  derired 
froan  liw  EiiJ>l,  had  iu  origin  in  niUunr.  "  Even  as  ParaHitr  it«elf  (»a^i 
Swriurr)  tnu«t  hutv  br«i]  dwmcd  mn  immodflia^d  and  tmpvr^cL  plan,  h«d 
(t  not  be(!t)  wmerad  b^  Utt>  BaDMi  Ornnlclenl  hand  which  first  tnade  ii,  «o 
our  p(rd<!ii«  and  6«U«,  thtf  mireet  a|iiti>my  and  rtfevmbUnce  to  Uiat  happy 
|ilare  which  u  to  bn  ta«(  wtUi  hura  b«low,  c;«tiiiot  Iw  said  to  be  any  way 
fwrftfct,  or  capalilti  of  sulMisling  without  it."  Those  men  contrmplutiDg 
ibe  world  a»  a  gard<>n  andeavorvd  lo  rony  it  in  miniature  They  con* 
atriicted  biwi»  for  dtwr  and  rt*nr<:*d  diminuuv<-  I'on-st*  for  game— they 
Cormiid  takes  and  storkc'd  lliein  with  (iith — walks  wenr  made  on  the  mar^a 
of  kroiikR,  uirrent*  f«-ll  from  artilir4«l  tnouutains,  and  tiny  atreamti  wooiid 
l}i«)r  way  through  Uhyrintlis  of  rv*td«  and  of  wtdgo.  ISprtngti  were  seen 
bursting  out  o4'  rocks  rudely  Mlr>d  un,  as  if  thrown  tog^-th<?r  by  nature. 
«vhi)c  atjualic  birds  sportnd  in  basins  bolow.  But  thvy  went  furtlier,  for 
••CeiMliii^  j*rts  were  (timwn  up  so  as  to  nawmble  bundlas  of  rocds,  othen 
were  creeiud  tike  wboat  shualo,  or  brmocbed  out  lik«  tro«s.  Sotnctimei 
dw  (tnaias  wure  dirvLttMl  so  as  to  form  avenuefl  and  nlco^'os.  mm  of  chryeial, 
which  when  tkv  sun  shone  produced  a  m&i^ical  cllect.  Kvl'o  hedges  and 
border*  of  garden*  wunc  iinilalc'd.  "  The  hedge  of  watar  (aaVB  tvidyn) 
is  runiio  of  lalttce-worke  which  the  foiiluniui'  causud  lu  aMeDcToui  of  the 
«an)i  by  degrees  uxocixlingly  pleased  «ud  surprawd  mo." 

Oiviiig  ihe  reins  still  more  to  ihuir  iina^ttations,  tlwsc  artiatt  were  bur- 
ned into  (lingular  puerilities.  They  mudc  (he  (laid  (o  spout  fruia  the  sidaa 
of  shipi,  the  tnoulhs  uf  birds,  and  othrr  iiicungruoua  Hguree.  Swarms  of 
beatheii  denies  were  also  prvssod  itilu  their  service  ;  and  not  content  with 
•  Trituii  blowing  M'uter  thrt>ugh  hii  sIr-U,  ur  Neptune  pouring  it  frvtii  an 
urn,  figures  of  tlie  latter  were  made  to  rise  from  ihe  bottom  uf  deep  bttsins, 
and  drawn  by  speuUng  dolphttis  and  accompanied  wilb  Amphttrile  and  a 
\»^n  of  ses  nymphs,  autud  over  his  fluid  domains  to  altay  the  tempest 
that  railed  hint  up  I 

Old  treatises  on  water-wurtu  are  full  of  such  lliinga.  Iu  *'Art  and 
Nature,"  Nepiuoe  i«  figured  "  riding  on  a  whale,  out  of  whose  iHietrils,  as 
alsu  out  of  Ni'ptunc'u  trident  the  water  may  liee  mad«  to  spin  thorow  SEoall 
pin  boles."  Othurdevices  ounsisted  of  "divers  forms  aiid  shapes  of  birds, 
(■easts,  ur  fishes;  dragons,  swans,  whales,  flowers,  and  such  like  pretty 
eonceitit,  having  very  small  pin  hohjs  tlioniw  ihern  for  the  water  to  spin 
ttut  «i."  The  15lh  and  I6iii  plates  of  Dccaaa*  Forcible  Movements 
represcM  the  mechnnism  of  "an  engin  by  which  Gnlateo  is  drawn  upon 
tbe  water  by  two  dolphins,  going  in  n  right  tine  and  returning  nf  herself, 
while  a  Cyclopo  plaics  upon  a  flsijolet."  And  the  ITth  and  ISfh  plaies 
shew  Ncpturw  drawn  by  sea  horses,  preceded  and  fnllowed  by  Tritons, 
■ailing  round  a  rock  on  which  Amphiirite  is  reposing,  and  from  which 
water  is  gushing  forth. 

Fountains  for  supplying  the  inhabiianis  i>f  totnu  and  aties  are  frequently 
mentioned  in  scripiuro,  but  it  is  difficult  in  diitcriminate  between  artiScial 
ones  aad  those  ihat  were  natural.  In  the  early  history  of  Kome  eomo  arc 
mentioned.  The  news  of  the  victory  nhiaincd  over  the  Ton^uins  and  the 
people  of  Latium  was  conveyed  in  an  incredibly  short  dmc*  by  two  young 
men.  Mid  to  have  Iwen  Ca«nr  and  Polios,  who  were  met  "  at  the/ountain 
in  ifi*  inailift'pia'f."  ai  whirh  their  horsea  foaming  with  sweat  were  drink- 
ing. (Plutarch  in  Paulus  .f!mibos.)  Statues  of  Jupiter  Pluvius,  of  the 
Kgv)*tian  purl  ruiMtpus  ami  others,  were  erected  over  fountains,  the  liquid 
if  '  ^.  '■r\ni  ami  srtmctimes  from  all  pnris  of  the  bodies.    On  the 

til.  ..     ''  was  aMossinated,  be  was  implored  by  Calphurnia  in 
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Aneiemi  and  Alodfrn  FomUmtu. 


oofiMqvetica  oK  a  dreun,  %a  ramwo  u  borne  iinnml  of  nKMCiofi  tbe        _ 
tor*  according  u>  appotntnwiiu  a  oircumuaaoe  ut  whtch  Sbaketpew  ikat 
alludes : — 


ZtaCMM. 
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Ho»t  mighty  Cent/,  fail  wc  kww  Miue  uiMe, 
l.M(  I  faa  U>jlicii  at  w)i«n  I  toll  llisni  m. 
Citlpbuniia  her*,  mjt  wife,  aiajr*  mm  at  hnma  ; 
SIh  dreamt  to-D^l  uliw  mw  aif  ttdUw, 
Wbkh  Uke  a/#MWM,  with  d  *—AW  |fMl>. 
Did  run  purq  blvod,  kikI  niftoy  lui^  EtomaiH 
Came  smiling,  and  did  bailie  tboir  uoda  ui  U. 


itmmM^ 


Pliny  (xxxi,  8.)  spe&)u  of  a  tbuntaio  from  which  watrr  nn  "  a/  i 
fiptt."  From  oxcavattona  mado  at  i'ompcii,  it  appvan  Uiat  in  almoal  rr^wj 
ttrtei  tbero  waa  a  fountain,  and  Uiat  bronz«  atatui's,  through  wlpcb  fim 
water  isaut^d  wurw  common.  Several  have  be*»n  fbumi^foor  or  firo  ai« 
boys  of  beautiful  wurkmanBhip ;  thu  fluid  isaued  from  wm»  ntxiing  on  tlMff 
sKouIdors  or  held  under  Unor  anna,  and  in  aomacaaaa  fmm  maalu.  I'aiofr 
ings  of  elegant  founiaina,  from  which  the  water  iuurd  in  |>nrpatidieaUr 
jets  from  vaaca,  have  aJau  been  diacovered  botli  at  HurcuUneum  and 
Porapeii. 

A  circumstance  mentioned  hy  Suetoniua  in  his  Life  of  Claudina.  tfw 
tucceasor  of  Caligida,  although  not  directly  relalml  lu  llita  |)«rt  of  our  ■nU 
jeci,  ehowa  that  Homan  engineers  vrent  i|mte  at  humtf  in  devicra  analogun 
to  those  moving  and  muucal  atatuea,  which  luro  c«nlurte«  ago  wm;  lo 
common  in  European  fbuntaini.  Prevtoua  to  drawing  aft  th«  walt^n  nf 
the  lake  Pucinus,  the  amperor  exhibited  a  naval  conflict,  in  wliich  IC'.O*."' 
criminals  wtire  engaged  against  each  other  in  two  fltiota.  An  lauaKiiM 
multitude  of  tpectaUfs  attended.  Clawdiua  presided  dressed  in  a  coat  uf 
mail,  and  with  bim  was  Agrippina  iu  a  manllo  of  cloib  of  gold.  Wkva 
tlid  two  fleets  were  ready  to  engugu.  a  TVi/on  ^tUvcr  nm  ip  ra  fAr  : 
ofthe  lake  ami  totaitteii  the  charge. 

Of  modurn  etrfcl  founuina  many  curious  ones  are  to  In  soeii  tn  It 
France  niid  Germany,  while  descriptions  of  others,  no  longer  extant,  i 
be  found  111  Mitison,  IJliunrillo.ond  ulhur  writers  of  the  last  century.    Tfc 
folding  plates,  representing  some  of  tlie  most  rcmarkuUe,  ara  attached 
Swilzer's  Hydrostatics.     A  colossal  statue  uf  Juptter  Pliivius,  in  a  im^ 
lar  stooptnKPONtion,  was  designed  for  a  fount^n  nt  Tmtolinu,  by  Juhn  i 
Bologna.     Tna  extremities  are  uf  stone,  but  the  trunk  is  formotl  nf  [ 
overlaid  with  cement  that  has  scquir(>d  the  hardness  of  marble.     A  nt 
Kor  of  apactmenu  are  constructed  within  il^— one  in  the  head  is  ligho 
through  the  eve-balls,  which  serve  as  windows.    To  add  to  the  eatnor 

uary  elTcct,  a  kind  of  crown  ia  formed  by  little  jetleux  that  drop  on 

shoulders  and  trickle  down  the  figure,  snedding  a  sort  of  supentalurai 
lustnt  when  irradiated  by  the  sun.  One  hand  uT  the  figure  resU  uo  the 
rock  at  if  to  support  iuetf,  while  the  odier  is  placed  on  the  bead  of  a  ton, 
from  tlie  moutli  of  which  the  principid  stream  issues. 

A  fountain  deaiffned  by  Michai^l  Angela  is  descnlied  by  Sir  Henry 
Wolton  as'araatchleM  pattern,' beinu  'the  ligureof  a  sturdy  woman,  wash- 
ing and  winding  lint^n  dollies;  in  which  act  she  ttvirtgi  out  (ht  KuUr  tbat. 
madt!  the  fountain,  which  was  a  graceful  and  natural  conceit  id  the 
Acer,  implying  this  rule  that  all  designi  of  this  kiml  should  be  prnpur.* 

Of  remarkable  fliunlaiits  at  Nuremberg,  Blainville  has  nouced  sever 
Of  on«  tte  observes,  "  Its  basin  is  an  octagon  in  the  middle  of  which] 
a  lur|^  brass  ptilur;  from  its  chapiters  project  aix  muzzlra  of  It 
of  whicli  spurts  water  into  tho  air  ouv  (A  «  wxnAjiid  yv^.     On  the 
are  the  six  cardiual  vtrt«eB,'«V\c\\*t\wti.'*iai««  ?Tota<!Msw\itie»«».  ^a^^ 


Chap.  7.|  Shakf^KOre,  Drujftan  attd  Spateer  quottd. 
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piUir  tUiuU  »  Icsa  oao  Huced,  utKin  which  are  hix  infanta,  every  ona  of 
whom  IvBDS  uo  an  uscotcheon  bearing  the  arms  ol'  ihc  empire,  those  of 
Nurcmbcr);  vui  uihvr  ttiwns ;  ihey  an.>  all  ul'  ihvm  sounding  tniuneu,  out 
of  which  watur  juU  Ui  plenty.  On  tlia  top  of  this  socond  ]>illor  is  m  fine 
«uiur  ui' Jojticu, 'Vfiih  hur  swurd  in  one  hand  uul  her  baJanoe  in  iIk  uther; 
«faf  likL-wiau  sends  water  from  her  breust*.  and  supports  her<)clf  upm  a 
Urgir  ofllrich  wbich  apuuw  wnWr  most  buunlirully.  All  this  ia  in  brau 
xurntundvd  with  an  imn  t^atu  carvud  uiid  gtlu"     (TrnvpU,  i,  197.) 

Anoihur  at  Aui:»))tir»  hu  ihuH  duxcribuii :  "  In  iIhi  niiddln  af  the  baain  ii 
•  doulilir  pvdcsiaJ,  at  ihu  I'uol  of  which  an-  iwviirul  sphinxes  and  AtaUiea 
jeidii)^  wmtLT  into  ihi-  baiiiii,  hoiuu  by  thu  muuih,  oihun>  by  tJicir  breutSt 
wui  uiree  by  lrum]>L't-murinv>L  On  the  fbur  curner»  ui'  thv  tiret  pedeMal 
ur  four  tiiw  Blaturs  bi;;  ax  life  ;  their  fwt  rest  upon  four  very  large  sheila 
iDU>  which  tliuy  pour  wau-r.  aumc  out  of  vaaue,  ttihera  n  aitotha-  Ja^Uom. 
Upon  the  top  of  tht-  socond  pedestal  is  a  Herculoa  cuiubaiinK  thu  Lcrncan 
Hydm."     (Ibid.  291.) 

{)\ii  niTiters  rcprusont  Brasseb  as  well  supplied  with  waLcr  1^  years 
un  as  Rome  iisvlf.  Thore  were  twenty  public  fountains  at  thu  corners 
«  ihf>  principal  strocis,  and  all  adornod  with  eiatucs.  In  ilii*  horh-markot 
werr  tigums  of  four  bvauuful  fomalcti  "  sijucorjng  wamr  out  of  thoir 
b»»su" — •  liirorite  device,  and  another  e<jii.-illy  popular  was  adopted  in 
a  splendid  fountain  neur  the  Curmelite  church  in  tlw  same  city  :  "  Tout 
pnls  de  ceue  Eglisc  est  le  Maniii>k<vpi»,c'c9Lia  statue  d'un  gar^n,eleveo 
sur  une  colonne  ;  du  hnut,  dc  Iiiqtiellc  il  jeue  de  I'eau,  oomme  n'W  pi»«<)ii, 
par  m  pipe,  jour  et  niiii,  dans  iin  boAftin  qui  est  au  pied  do  la  colonnn. 
Cesi  une  Aen  scpi  merveilleuses  fbiiiainea  de  la  ville."  (Le  Curieux 
Antifjuaire,  tome  i,  I7d.] 

r^!;[kkc!ineare  often  alludes  ro  the  figures  of  old  English  fountains.  In 
\V[nii>r'3  I  ale,  Activ,  Scene  I,  he  rnmnarea  the  old  shepherd  tn  "a  weather 
bitten  conduit  of  many  king's  reigns ;  '  that  is,  to  a  statue  firom  which  the 
water  Sowed.  Henley  in  commenting;  on  the  pa^sa^e  observes:  "Con- 
duits representing  a  human  £gare  were  hcrutntnre  not  uncommon.  One 
of  this  kind,  a  female  form,  and  wttuhtr  btatat  still  ciitos  at  Hoddeadon  in 
Herts."  In  t\s  You  like  It,  Rosalind  savs,  she  will  weep  **  like  Diana  in 
the  fountain" — an  allusion  to  that  erectod  at  Paul's  Cross,  wbero,  after  the 
religious  imagOB  bad  been  destroyed,  (slmi  |Higc  106.)  **  there  was  set  up 
a  curious  wrought  tabernacle  of  gray  marble,  ami  in  thu  suiiie  an  alabaster 
image  of  i>iaj«fl,  and  water  conveyed  frum  tho  Thames  prilhiig  from  her 
oahod  breast." 

Drayton,  a  poet  contemporary  with  ShakeapGarc,  alludca  to  foontoitu 
and  their  buins  in  hts  Qveat  of  Cynthia. 

At  WnxUi  I  on  a  rovnlnin  light, 

Wltn«a  brim  witli  phiks  wa*  pUtlod, 
Tli«  Utili*  Willi  dafliadiliv*  dij(bl 

Wiih  uiuw.  lilte  alMra  wu  uuiad. 

And  Spei>0OT  in  the  Fairy  Qhmi— 

Aim!  in  Ilie  tnid*!  of  i\\  a  foitniaitifl  stniMt. 

Of  nchwi  4ubttnnet>  timl  uu  oanli  imght  b««, 
Sopure  Olid  *bin>',  tliat  Uia  nilver  Aood 

iWngli  •\ety  ctiaonci  nianing  ona  might  ait. 

F'^uiitains  havo  alwaya  been  indtxpentiablt^  adjuncta  in  oriental  giu;dttu, 
»•■  I'liibtlcas  former]  toiiiipitiioiu'  nbji^ct*  in  tlioHe  of  Babylon.     The 

t^-  It  in  the  gardeiut  of  Alcinoua,  from   their  eta vaied  position  and 
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ibo  Bbund«nc«  of  water  they  poured  fortlt,  muit  liave  grakUy  ootfnhlaA 
to  thn  bcftuty  nnd  eSect  of  the  MirroiitMling  icunery. 


Two  plfittiTflu*  foiiDUint  ihe  whole  proapect  enwii*4 : 

Th(«  Uiroiigh  [1)0  KvrJeii  \ii»At  it*  atraun*  srotud, 

ViHtx  Micti  pUai  aitil  wition  all  Ibn  gtovnd: 

Whila  Dull  (■  pipM  buHflUi  diB  palaca  Oomw, 

Aid  tb«Dc«  ila  current  ou  (be  towii  twxowf.         <Mj.  vii. 


Fif* 


Tb«  younger  Pliny't  dGscription  of  hit  Tuscan  villa  onataina  th*  oalj 
liBtailed  account  ^xiAiit  of  an  onciunl  Roman  gardrn.      A>  mieht  \m  wp- 
poMd.  fbuntajns  aiiJ  jt-ta  d'cau  rrt.f|u<>ntly  occur.     The  front  of  lb«  lioua* 
faced  (lie  §outh  aiid  tmd  seveml   porticos.     The  u-rntce  was  embcUialNid 
with  hedgei  of  Imx,  and  thu  lawn  omnpread  wilh  the  aoft  acaiithua.     At 
one  ertd  of  Hie  front  portico  a  dining  riKnn  opened  on   the  rcrmct^  mmJ 
oppoaiu:  thi*  centre  nf  (he  portico  there  utu  a  ftmitll  ar«a  ehad^H  hv  f-i:\r 
plane  trees,  "  in  the  midst  of  which  a  fountain   ritos,  from  m  ' 
water  running  over  rhc  edges  of  a  mnHile  bium,  eY-nily  reft«ah-  - 
roQitding  plane  tree^  and  the  vcrdum  undem«ati)  iht-m."      In  tlti-  •>'! 
Ttcijtity  nc  describes  "  a  little  fountain  playing  ihrough  scveml  small  ;   :<■• 
into  a  vttse."    Speaking  of  the  vi«w  from  the  front  wtndowii  of  a  apaDom 
chamber,  he  obsci^cs,  they  look  "  upon  a  caicade,  which  eoii-rtairta  ai  oac« 
both  the  eye  and  the  ear,  lor  the  water  dashing  frotu  a  great  lioight  fiMiat 
over  the  marble  basin  that  receives  it  below." 

After  mentioning  bathing  rooms  an<]  other  apnrlmemj,  walk*,  UMadum, 
groves,  trees,  ttc.  Pliny  continues — "  tn  one  place  you  haVM  a  littli*  nM>«- 
dow,  in  another  the  box  is  cut  into  a  thouiaau  diflerent  forma,  •omntimM 
into  letUrt,  expretaing  ihu  name  of  the  maaier.  somelimfs  that  of  ide  arnitt  ; 
whil.tl  here- and  tliere  tiule  obelisks  riso.  intermixed  itllomalc  w  itii  fruit 
treos  ;  when  on  a  sudden  in  the  midst  of  this  ele^nt  regularity  you  ■« 
surprised  wiih  an  imitation  of  the  negligent  beauties  nf  rural  nature.  In 
the  centre  is  a  fipnt  surrounded  with  a  knot  nf  dwnrf  plane  irtras.  Hnjiind 
these  is  a  wall  planted  wiih  the  smooth  and  tM'ining  ncanlhus,  when  ifca 
trees  are  also  cut  into  a  vaneiy  of  iMiniu  and  shapfia.  At  tho  upper  vaA 
is  an  alcove  of  white  marble  shaded  with  vines,  suppnrlnd  by  roitr  hhII 
Carystian  pillars.  From  the  bench  [or  iricliiiiDtn,  a  species  of  cottcb  SB 
which  the  Itomans  reclined  to  eat)  the  water  gushing  thruugfa  •vrosml 
little  pipef,  as  if  it  wert  prensed  tmt  by  the  weight  of  (he  nenwfw  wfco 
repose  themselves  upon  it,  falls  into  a  ntone  cistern  nndernevu).  wheow  is 
is  received  into  a  fine  polished  marble  basin,  to  artfully  ooolhved  tint  it 
is  always  full  without  ever  overflowing.  When  1  sup  Iwn  tins  baaiB 
serves  for  a  i&ble,  the  largest  sort  of  dishes  being  plaoed  round  (ba  iBwph 
while  the  nm^ller  ones  swim  about  in  the  form  of  hrtJe  vessel*  utd  waUTk 
fowls.  Corresponding  to  this  is  a  fountain  uhich  is  tncesfantly  cmptvitig 
and  iilhng  ;  for  the  water  which  it  throws  to  a  great  height,  lulliog  Mck 
into  it,  is  by  mrans  of  two  openings  retmnuil  at  f tut  oa  if  •»  rnrriW." 
This  must  have  been  eithur  a  modiiicatJoti  of  Heron's  fountain.  (No.  163.) 
in  wbieh  the  watar  would  appear  to  be  retuRied,  or  some  conotwlod  fore* 
puDkP  threw  it  back. 

Trie  practice  of  eating,  and  even  of  sleeping,  in  gardens  durtug  th* 
anmmer  months,  has  always  been   more  or  less  oomnion  in  the  EaM.     In 
Solomon's  Song  it  is  obviously  alluded  to.     "  Thou  that  dwellsM  in 
gardens,"  thai  "  fi^deth  among  the   lilies,  in  a  fmtniaiu  nf  gBnJvat*" 
rather  a  garden  of  fountains.      Indeed  a  great   part  of  this  aong 
rfftrr  to  that  seasoD.  (and  anxiety  for  its  approach,)  when  the  cilflDM 
&f  (he  wealthy  tn  remove,  l\V.e  V\\nN,^t>wiw  ^r'miwii.t^ fiSN**.    Vvwiai 
cnfflinoii  wilh  ihe  rich  OrewWa  and  WAnwM*,»»'«'r'&-w>.'«^'^'**i«**'«i^ 
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other  Ambucs,  "  wbi^o  the  winter  wu  past,  the  run  over  and  gotM ;  when 
the  flowura  ftpp^^uNHJ  on  Ui«  «arih,  unci  the  tiino  uf  the  ajxtgin*  of  bird* 
was  comi),  tad  the  voioo  of  ih<-*  tunic  bean]  in  llic  kiid  ;  wlien  the  fig  tree 
put  fitnh  bfr  groeu  figa,  aiid  the  vuioa  with  Uic  tender  grapes  gave  •  gotui 
•mpLl" — to  hie  away  to  titcir  villas.  anJ  in  the  tigurniivc  language  of  the 
EmM,  to  dwell  in  gardooa  und  fcMl  amoQ^  lilius.  The  custom  it  based  i>d 
•otuo  of  the  fim.>sl  fiM^Ungft  of  our  iiaiuru,  aiid  it  is  on  such  aecasiaoa  only 
ihM  wec«ii  rvalixu  sotne  of  tbe  moM  extjuuite  pleasurea  which  our  pro- 
"      '   m  in   EiIdu  cn)oy*-><i.     Motosuma,  wc  ani  inloTTned   by  Solijt,  tuuk 

JuUar  ploasun?  in  »uppiiig  in  his  ffardeiw,  in  whicli  were  mitnttroiuJauM- 
taitu  anJ  Howors  "of  dtligblt'ul  var'ietv  and  fragrtttiL-e." 

That  chv  Jews  had  fouulaina  in  their  gardens  and  often  wuhed  in  the 
baaiiiB  during  the  hcaU  of  sumnwr.  we  learn  from  the  accounts  of  Dath- 
alieba  and  Susunnah.  The  fountains  doubtless  being  shaded  whb  foliage 
Bod  treea  like  tiioae  fnonliooed  by  Pliny. 

Cato  the  censor,  that  terrible  scourge  of  tbe  luxurioas  Romatu,  ren- 
dared  himself  generally  obnoxious  by  ibe  reformations  be  itilroduoed. 
Anwog  other  measures,  "  he  cut  off  lite  pipes  by  which  people  conveyed 
wst«r  from  tbe  public  fouotsins  into  (heir  houses  €tiul  gartlctu,"  probably 
on  account  of  its  excessive  waste  in  ornamental  w«trr-works.  Plutarch 
has  <)uoteii  an  epigram,  Irom  wbjcb  wp  learn  that  tbe  phyjtcfiwrmy  of  this 
celebrated  man,  like  that  of  Socrates  and  Pbocion,  waa  not  very  pre- 
possessing.. 

Witli  evfls  ■)  igny  and  bsir  m  red, 

Wilb  tatlta  no  ttiATf  nnA  be«n. 

"nmn  'I  rhjlil  tbe  Jiaileii  wltea  tfaoB  art  ilead, 

AnJ  hn'M  (vont  Ut  ibco  in.  La»gliont'i  TVaaj 

To  give  an  account  of  modem  atreet  and  garden  touiitains  would  bo 
an  endleaa  task.  Deaeriptions  of  the  moot  remarkable,  as  those  in  the 
gardens  of  Frescati  and  X'ersailles,  are  too  eammon  lo  need  ropetilton  here. 
We  afaall  ihernforu  merely  noUce  a  few  singular  ones. 

Thcra  is  no  doubt  thai  the  general  featunis  and  essential  parts  of  ancient 
f  water- works  wera  preserved  in  those  of  modern  Italy,  wHcnco  they 
;  including  watiT-ofgani,  spread  over  ibu  rest  a(  Europe.  A  skfitcti 
in  the  gardens  at  Prilolino  will  give,  says  an  old  vrrilcr,  a  general 
other  Italian  works  of  thu  kind.  "  Besides  Tritons,  Cupids,  and 
other  statues  uhicli  on  a  sudden  cover  you  with  water,  other  iiiroaina 
tas\io  t'rom  between  rows  of  trees,  Jcc  V'ou  are  led  into  a  grotio,  of 
which  the  roof  nlonc  is  said  to  have  cost  30,000  ducats,  being  all  of  cord, 
mother  of  iH'urt,  and  other  costly  materials ;  the  walla  are  lined  tvith  the 
same,  and  tn«^  pilasters  adorned  with  an  organ,  which  by  mcnnx  of  water 
plays  aeveml  tunes.  Here  your  eyes  arc  diverted  with  a  gn-ai  vanrir 
of  moving  figures:  the  god  Pan  strikes  up  a  melodious  tum.'  wtili  his 
moath,  ai  the  sight  of  hia  mistress  standing  nefore  him.  In  another  grot. 
an  angd  carries  a  rrurfiptt.  nuu  it  tn  his  mouth,  and  ^ves  you  a  tune  upon 
iL  In  anoihiT.  a  down  carries  a  dish  of  water  to  a  aerpenl .  which  lifts  op 
ita  head  and  drinks  it.  Hem  yoit  have  a  mill  grinding  olivtw — in  another 
a  paper  mill  with  ilie  hiunmem  going.  Tb«  grotto  of  Gatalea  shows  her 
cntTone  otil  of  a  liiior  in  a  .4ea  chariot  with  two  nymphs,  and  havini;  sailed 
a  ■•  n  ihe  water  she  n-tunis  the  way  *be  came.     In  the  basin  is  a 

la.-  1  cmryiiig  a  iiakrd  woman  on  hit  back,  and  (wimming  about 

M  r  rvtht^r  figiin^i,  all  moving  ns  if  nlive.     In  another  place,  you 

srr  n  round  tabiA  fil  to  receive  Fineen  guests,  having  a  fountain 

p!av>nt;  in  liie  midst,  whilf  other  strruins  plnv  lielwexn  ewry  two  persons 
•jul  supply  tbeni  with  water  to  oool  their  wii>e.     The  iraman  of  Samana 
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appetrg  next,  coming  out  nf  ber  hotue  with  two  bockvu,  ant)  fa«vine  fillnl 
them,  encfi  back  the  same  way.     Moantimcr  you  uvt  diverted  witli  tmhlii 
ihnmjiing.  mills  going,  and  mrd*  dtirpvig  on  trea — all  which  am  Mt 
work  by  the  water." 

In  Dr.  H.  Brown's  Travels,  (Land.  1685.)  »ro  figures  of  one  or 
ancient  fountains — one,  in  ('arinthia,  of  ihu  rorm  of  a  dragon,  from  w1 
mouth  the  water  isiiued. 

In  tho  year  dl6,  an  embassy  proceeded  from  Constantinople  to  Baj^od 
and  was  rvvcivud  with  much  pomp  by  tho  Caliph  Mootsoar.  "  In  the 
midat  uf  ihu  great  hall  in  which  nu  gave  audiooee  to  the  ainbaMadan 
was  a  tree  of  maasy  goid.  which  had  (amongst  athera)  ci^ieen  prioeipal 
braocbcs,  whereon  wore  birds  of  gold  and  silver,  which  clapped  (Iwlr 
wings,  and  warbled  various  notes."— (Mortigny's  History  of  the  Arabians, 
iii.  323.) 

Marco  Pauto,  in  the  13di  century,  mentions  a  fountain  in  the  gardcH 
of  the  "  Old  man  of  tlie  Mountain."  which  gave  out  Mrine,  milk,  aad  • 
mixture  of  honey  and  water. 

Rubriques,  in  tho  same  century,  saw  a  aUvtr  tree  at  the  emut  of  the 
Great  Khan,  which  poured  forth  milk  and  wines  of  difl'erent  kinds.  At 
the  foot  were  four  liono.  through  each  of  which  passed  a  tube.  On  Um 
summit  was  the  figure  of  an  angel  holding  a  trumpet,  and  which  by  sobm 
interior  mechaniam  was  mode  to  sound.  It  was  the  work  of  a  FraKk 
gold  ami  th. 

This  predilection  for  trees  as  omamenu  for  fountains  and  gardens  seam 
to  have  been  of  a  more  ancient  date-  The  paim  trrt  of  hratt,  whiek  vis 
consecrated  to  Apollo  by  Nicios,  and  placed  in  a  6eld  or  garden  pvelusad 
by  him,  prolMkbly  served  for  a  fountain.  It  must  have  been  of  enornioVB 
duncnaioiis,  since  a  fragment  that  was  blown  uff  i»y  a  storm  of  wind.  "  foil- 
ing upon  a  Lirgc  statue  demolished  it,"  (Plotardi  in  Niciiu.)  The 
pedestal  of  this  statue  has  be«n  discovered.  A  Kolden  sUlue  of  Pallu, 
rlutarch  tibscrves,  was  erected  in  the  Lemple  of  Delphi  on  a  ftalm  tnr 
of  hrau,  which  had  goJdftt  Jnit.  There  are  two  oilier  cekibrvted  trees 
mentioned  in  history,  but  their  uses  arc  not  indicated.  We  learn  frn^^J 
Herodotus,  vii.  S7,  tiiat  Pythius,  a  native  of  Lyilia,  presented  Darius  ^'i^^l 
iLplamc  trff  aCgolet,  It  was  worth  5J  million*  sterling  oooordiu^  to  Mo!^^^ 
(aucon.  The  galdrn  vine  of  AristoI)olus  was  valued  at  400  ljtlt>atj  It 
was  carried  through  Rome  in  Pompey's  third  triumpK  and  afterward 
deported  in  tlie  temple  of  Jupiter  Cspitolinus.  Another  one,  whioh 
Alexander  look  at  the  sack  of  Thc^bes,  wa.<t  preserved  at  Rome  in  the 
temple  of  Apollo  in  PUny'a  time.  This  author  has  a  remurk  on  the  decay 
of  the  art  of  working  brass,  which  may  hero  bo  noticed.  He  iibaerrcs, 
in  former  limes  the  artists  worked  to  vnnjame  and  gtory.  "  but  tttnt  tx  in 
all  things  else  for  gain  and  ln^K  only,"  (xxxiv,  chap.  S.) 

One  of  the  funniains  at  Versailles  was  in  tlie  form  of  an  oak  tret,  from 
which  the  liquid  was  dispersed  in  all  direction*.  (It  is  figured  ia  otw  of 
(he  plnlus  attached  ro  Swiiacr's  work.) 

Among  the  garden  waterworks  at  Chatswortli  were.  "  1.  Neptune  w 
his  nymphs,  who  seem  to  sport  in  the  waters,  let  out  by  a  coek  iu  sev 
columns,  and  falling  upon  sea-weeds ;  2.   a  pond  where  sea-horses 
tinually  roll ;  3.  a  Oyv  a/*  ropper,  resembling  a  willow,  and  by  tke 
of  a  cock  cvory  leaf  drops  water,  which  represents  a  shower;  4.  a  gru 
of  eypre.ss  and  a  cascade  with  two  sea  nymphs  at  top  with  jars  and 
their  arms  ;  5.  at  tlie  bottom  of  the  cascade  a  pond  with  a»  artificial  rm 
throtigli  which  by  the  tamng  ot  &  ga(X  ^ti-wuBt  a>iwoA>.wAWfc»^?t  ui 
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ibe  kir  in  the  fi^ro  of  that  flow«r ;  6.  uiothor  nond  with  Mercury  pntnC* 
ing  at  tlip  gpiJa  and  throwing  up  w«li*r."— I.oml.  Mu(f.  17.*52,  p.  7. 

Bell,  io  bis  Recount  of  the  Hiiuian  embaiuiy  u»  liipnhnii,  tMtbr««  Uione  in 
tbe  gBTilvns  of  (he  Scnli.  In  frunt  iif  the  Hail  of  Aiidienor  wait  "  a  Urg« 
fdunlain  of  (iiir>-  wau-r,  which  spring;!*  ujiwartl  in  iliri-e  pipe*  aiul  fallj 
iato  «  basin  fitk-d  urith  roau4,  jrssiuninea,  anJ  inariv  otht^r  find  fiuwert." 

Ill  unc  ')f  ihe  pabltc  etu-tjcna  of  BruiMw?!*,  among  tdJier  waLer-works  was 
on  hydniiilic  orgaB.^-{i.«  CuriruK  Aiiti<|uair«,  Uiii»e  i,  175.) 

Tlie  vltl  dvvic«  of  artiticnU  mnaic  ruiiitiined  with  fountains,  a  tlius  rnen< 
bfinud  in  iJh;  17ih  Prn[>oj»ition  of  Worrnsler'a  Century  of  Inventions:^ 
"  How  In  makp  upon  (lie  Tluunea  a  floating  ^rtjen  uf  pteitaure,  with  Ire«s, 
flowwra,  Itaixjueiin^  bouaea  ^ct  fountaina,  atewa  for  all  kinda  of  fiahea,  a 
roaerve  for  snow  to  ke«p  wtiie  in,  delicate  balhinff  places  and  th«  Uke ; 
ivith  miuic  mad«  with  miiU,  uul  all  in  tlie  midat  of  the  atream  where  it  ia 
tDCMt  rapid. 

Fountajna  were  often  placed  within  ancient  public  buildings  as  well  aa 
Dear  iJicrii.  They  were  common  appendages  to  temples,  aiiif  the  custom, 
aa  mvntJouefl  tii  our  first  book,  is  sdll  retained  by  (he  Turk*  and  other 
Asiabcs.  Henry  Blount  visited  Adrianople  in  162-1,  and  in  describing 
the  moitque,  tays,  ihere  were  "  /pwik  conduits  wHth  c^Kks  on  thp  north 
l>d»,  aoo  as  many  on  the  south  for  people  to  wash  befom  divine  ser- 
vice; to  which  use  also  on  the  west  side  in  the  church^yard,  nrv-  thirty  or 
forty  cocks  under  a  fountain,  so  sumptuous,  as  excepting  ono  at  Falrrmo, 
1  have  not  seen  a  better  in  Cbristendome."— {A  Voyage  into  the  Le\-aot, 
Land.  1638.} 

During  hot  weather.  Augustus  the  Roman  empuror  slept  (observes 
Saetonitu)  with  bis  chamber  doors  open,  "and  fre^u«nlly  in  a  portico  with 
waters  playine  around  him." 

"In  itie  middle  of  the  suuare  oT  the  Coliwom  la  a  pretty  remarkable 
piece  of  antiquity,  (says  Blainville,)  Uiough  v«ry  bttl^  minded  by  most 
le.  Here  stood  ancianilya  beautiful  tbuntain,  adorned  with  the  finest 
tei  and  columns :  and  on  the  top  was  a  bronste  sJuiiik  of  Jupilttr, 
Vom  which  issued  great  plentj'  of  water,  as  may  be  seen  on  the  reversn 
of  one  of  Titus'  medals.  They  called  it  Meia  Sudaiu  :  tiuta,  l>ecau»e  it 
wa*  made  in  the  form  of  a  goal ;  and  ftuhifUt  sweating,  becanne  of  the 
water  running  from  tbe  tevrral  parfg  (>f  tht  ttuttu-..  Tins  founiain  was  of 
great  use  iiotii  to  ihe  spectators  and  the  gladiators  in  the  amphilheatre  to 
refrenh  ihemselveji.  I'ope  Alexander  Vll.  caused  it  to  l>e  repaired,  but 
«nce  his  time  it  has  been  entirely  neglected." — (Travels,  vol.  ii,  535.) 

The  theitires  wf  the  Romans  were  filtitd  up  with  numerous  concealed 
pipes  that  paaecd  m  every  dtreclion  along  the  walls,  and  were  connected 
\a  cijierns  of  water  or  to  mochiues  for  raising  the  latter.  Certain  parts  of 
the  pipes  wore  very  minutely  perforated,  and  were  so  arranced  thai  by 
nirtung  one  or  more  cocks,  the  linuid  escaped  from  them  and  descended 
upon  Uie  audience  m  the  ibrni  of  dew  or  extremely  fine  rain.  This  eflec- 
Uully  cooled  tbe  heated  air.  and  must  have  been  exceedingly  refreshing 
to  ihe  immanse  multitudes,  (tspectally  in  such  a  climate  as  luty.  On 
■ORie  occasions  llio  water  was  tcmtta  witli  tbe  richest  perfumes.  Thus 
Hadrian,  in  honor  of  Trajan  his  father,  commanded  waUT  imprugnaU-J 
with  sjttTroR  and  liaUam  to  bo  sprinkled  on  the  people  at  the  tAeafrtt. 
The  dining  rooms  of  Niirn's  goldi^n  hinue  were  ceiled  in  auch  a  manner, 
ihiit  thfi  atiendanls  could  m/iko  it  rain  eiilier  flowers  or  linuid  i-TfumoB. 
At  r,nf  frist  100.000  crowns  were  expended  in  periumrd  waters.  Sae- 
ti>  rlipy  Wtire  diAclmrged  (rum" ivcrrf  pi fKS."     Thv  »talue»  that 

a,i  ..  iriii'rior  of  Lh«  theatres  were  made  to  swubi  perfumes  tui  Uie 
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audience.     This  wu  aceomplish«d  by  roskin^  thnra  hoUow,  drilling  b 
tbem  an  infinite  number  of  small  holes,  and  connecung  them  b]r 
tubes  to  reMfvoirsof  scented  waters.    The  pmctKR  is  alluded  to  by  i 
autbors,  and  atnong  others  by  Lucan  in  the  following  paasage  ; — 

A*  wben  oiiylrt}  Rame'it  ■paclntora  u>B«t 
III  (1m  full  thealrv'*  ca.p>ciaUK  Mint ; 
At  ouce  hj  •eeret  1»pm  aad  efauineti  IM 
Uich  liacuiraa  gnu  Kon  cvsrjr  raliqiM  kiadi 
At  oii«o.  l»n  Uwnuuul  tmSna  eumma  flaw, 
And  rain  th«ir  odon  on  tlw  crawd  belaw. 

3onii>tiRies  rich   p«0|>1e  Irft  by  their  will*  auiub  of  ototwy  to 
these  perfuroeii  «ik1  th«  a|i]>a>r>Uu9  for  (li)i|>«rui>g  them.     An  example 
given  hy  Malfei  in  hi*  *  Hijitory  of  Ancient  Amphitheatres.*     (l.otid.  1 
p.  1G8.)     A  Koinan   lady  bei]U«alheJ  t'undH  tu  celebrate  a  huutitiv  of 
twesu  in  the  amphitheatre,  and  the  ordered  that  MattenteM  should  be  nwd*. 
This  tem  Maffei  Under»ti>nd  to  nitian  "  those  hiddno  r.hanoeU  or  \^pr*  hv 
which  with  wondrriul  artifice,  [a*  is  twit«  mentioned  by  Seneca,}  ih*y 
caused   odi^rifrToiis  liquid  to  spring  up  from  t)iu  t>oltoin  to  the  top  of 
amphitheatre,  which  then  jetted  and  spread  il4alf  ie  the  air  bke  a 
lino  aliowcr  of  rain." 

The  custom  might  l>e  adopted  with  advuita^  in  modem  ih«atrai: 
would  render  visits  to  them  crowded  places  more  agremble  and  Ims 
jurious  to  health.  Why  can't  the  managers  announce  it  in  then-  ** 
among  other  inducements,  just  as  their  predecessors  did  eigbtrrn  cf  m 
since  T  One  of  the  notices  of  a  public  entertainment  in  Pompni  has 
fbitnd  written  on  the  walls  of  a  oath  in  that  city.  It  is  in  tlurse  words  r— 
"  On  occasion  of  the  dedication  of  the  baths,  at  the  expense  of  Cnsnas 
Alleius  Ni^diua  Maiiifl,  there  will  be  the  chase  of  wild  beasts,  atfatftie 
contests,  gprinllin^  of  ptrfumea,  and  an  awntng." — (Pompeii,  vol.  i.  liSb) 

Fountains  for  coulinir  the  air  should  constitute  put  of  ihe  ordinanrif- 
pondages  to  ckurcktx,  as  much  aa  apparatus  for  heatini;  and  lighting  umhl 
They  slioitid  be  cousidorud  by  tu,  as  they  were  by  the  nncienrs,  «unatMi'  to 
the  keakk  as  well  as  comfort  of  large  oasemblies  of  people.  They  oenBiii}j 
are  as  necessary  here,  especially  m  tha  SoutJiern  states,  a«  they  wer*  n 
southern  Bnrope.  Their  construction  is  so  sirapte,  their  modificstioiu  ■ 
Tariona,  (heir  application  so  universal,  and  their  eflects  so  beneBdal  ami 
ekeap,  that  H  is  surprising  they  have  nnt  been  introduced.  We  don't  sM 
why  a  perann  might  not  bo  a.<t  innocently  employed  to  pumping  waut 
during  worship  to  supply  a  fountain  or  jet  ct'euu.  as  in  pumping  air  into  tlie 
pipes  of  an  organ,  uut  it  is  unnecessary,  for  where  the  fluid  would  not 
ri»e  sufficiently  high  from  pubhc  reservoira  or  pines  that  pass  throagb  tbt 
Bireets,  it  might  be  elevated  into  a  reservoir  in  the  roof  the  day  pNiriaM 
to  the  sabbath.  In  this  use  of  fountains  ancient  architects  vert  ciawty 
in  advance  of  ours. 

The  custom  of  cuoHng  tlio  air  in  private  npartmenu  ig  of  gmftl  Udiqiniy 
in  Asia,  and  is  still  kept  up  in  the  dwellings  of  prince*.     See  a  pbu 
in  Uonerali-  Histoiro,  tome  xtii,  p.  311.  representing  a  private  apaiunon 
in  tbe  seragtto  of  one  of  the  generals  nf  Aurengsehe.     An  (Ktagno  *     *~ 
with  a  handsome  jet  is  in  the  centre  of  the  room,  with  imagt's  of 
floating  in  the  water.     On  the  borders  of  the  basin  are  trays  with  refi 
menta,  and  the  company  reclining  around  on  cJirpflis,  much  in  the 
manner  in  which  Pliny  repmsenta  himself  and  friciMis  feastiog  around  X 
fifuniain  in  his  garden. 

Henrv  Hlotint  dp»cTi\nne  one  otlhe  YAanea.  wl Cv.Tvt  \w  \6S4.  obaerrea, 
•"  la  ths  chiefc  dining  cbaraWt ,  &cc»td\n%  «i  Ow  i;»'5ws».  (S  i^ 
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made  oiw  itr  more  ncbly  gilt  fouTitains.  which  (hrougl)  secret  pipm  sup- 
plies iu  iho  miilillo  of  the  ronme  a  dainlie  pontu.  which  is  «*  iicaUv  kupt. 
tbe  water  so  cleare,  oa  mokes  apparent  tliD  cX4uisiie  mosaik  ut  tliv  Imii- 
tome.  Horeiu  arc  preserved  fish  which  have  orten  iskun  brvutl  out  uf  mjr 
hand." 

Sometimes  the  jet  is  maile  (n  fiil]  into  basiiia  filled  willi  (lowerji.  tlie 
odor  of  which  is  dtsjiersed  in  the  spray.  Bell  dcjieribos  the  hull  of  audi- 
flDca  ai  Ispahan  u  n  most  magnificent  rnom,  lined  with  inirroni  of  various 
sizes,  the  tlnor  coverul  with  carpets  of  silk  inU-rwovun  with  branches 
■ad  folia^  of  gold  an^l  silver.  In  the  centre  were  two  honm  in  which 
B«>reml  jnjiefl  sjmulnd  n-Bter  ihat  fell  among  roses  and  other  fiowera  and 
produced  a  fimr  ffilict.  Another  fountain  at  the  entninct:  threw  ih«  water 
ao  high  thai  it  fcli  like  n  thick  rain  or  dew  which  concealed  the  Scliah  from 
thtwe  on  the  o]iposito  side, 

Soo  rciuark^  on  thu  tutroducboo  of  portable  founlains  into  priruie  dwel* 
linga  Bt  page  361. 
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P  That  ancient  farmers  occasionally  conveyed  water  through  pipe*  into 
floidi  for  the  us^  of  thrir  stock,  as  is  now  sometimes  done,  «p)H?ara  from 
the  above  cut.  from  a  basso  relievo  preserved  in  one  of  the  museums  at 
Rome, — (D'Aginoourt's  History  of  the  Fine  Arts.     Sculp.  Plate  I.) 

It  has  already  been  remarked,  (pp.  163, 170,)  that  the  old  Mexicans  and 
Peruvians  hnd  fountains,  from  which  the  duid  issued  through  figarea  of 
snakes  and  crocodiles. 

Tlierv  is  reason  to  believe  that  three  and  four  way>cocks  were  anciently 
emiiloyed  in  fountains  :  they  are  to  be  found  in  the  old  water-works  of 
Italy  and  France. — (Se«  L'Art  du  Plorabier  in  Arts  et  M(>tieres,  4io.  edit- 
p.  SBO,  planch*  xiii.) 
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lb* cloeh"— CUpiralrv— Tk*lr  «unnu>  ori(<a  lo  E(yyl— Thau  *«rM;— tfMi  hf  Ifct  nnMn.  HMm^ 
ChiUM,  Ac— Aiict4iii  hotir-(bHc>— lailuiu  (a  »«iu<k«k^^ii&il  clorJu  la  CUa*— ■•NMl  •!•■( <if 
ri>l«— dork  fcrricil  In  iTUintib  lij  Tamfy~^\r^jin  dC Clntliist— Clock  |i|  — awJ  Mf^llwT 
ll»4era  ClcpfTdic— Hour-iiuH*  lu  lodlut— III^  ei  Uio  rnturtaiut.    HiMiut-ir  Obbim. 
duntbMl  b)r  flotnn  uiil  Vltmlu— Pblo,  ArcbliMdn,  Huurth,  nurjr,  tfdcwoln*.  Vl  . 
ml  tiom  CaontaatUople  U  PeplD~W>liit  orfiuia  vf  lrf>Bi*  t><laauaLiB— A  wttmam  a%f\nt  m  1 
vtUI*  bawtDf  oaa  pU]r-4r|«[M  umU  liy  nunk»— Old  Ra|aL 


Clspkydrji  and  woicr  orgtuii  arc  not  siricUy  included  in  the  _ 
deaign  of  this  volume ;  but  as  they  are  ancient  devicei  in  wlucb 
perJormed  an  imponaiii  part,  and  u  they  undoubtedly  contribuled  to  iIm 
■mprovemem  of  hydraulic  machinery,  and  moreover  gave  riao  10  clodu 
and  watches,  we  were  unwilling  to  omit  them. 

Sun-dials  were  the  earUest  meniii  employed  to  note  the  tapsa  of  time- 
Country  people  in  all  ages  have  marked  the  pfissing  hoars  by  the  shadnw 
of  a  tree,  a  post,  the  corner  of  a  house,  or  any  other  permiuient  object; 
these  were  natural  gnomons,  while  the  ground  upon  which  their  shadows 
wcr«  thrown  acrvcd  as  dials.  In  dtice.  artificial  ohject4  were  nrosHa/y; 
hence  the  obelisks  of  the  Egyptians  and  otbnr  ancient  peoplit.  Thsae  gao- 
mons  were  placed  in  open  and  con^pictious  places  for  public  conwirii 
and  many  of  rhcm  from  ihcir  great  elevation  threw  ihnir  ahadowi 
connilenhlf?  distance.  Sometimes  their  pedestals  formed  nugnilii 
building!).  When  Dion,  afrer  delivering  tno  SymcuNans,  itpake  to  t 
on  the  tyranny  of  DionyHiua.  Plufarrh  Baya.  he  stood  upon  a  loftv  son 
erected  liy  the  tyrant :  "  al.  HrHt  it  wrui  cnnaidered  by  the  snntnaayan  > 
good  omen  that  Dion,  when  he  addresaed  ihe  people,  had  unrfer  hu  lisM 
tfafl  stateiy  rdifiee  which  Dionyaiuii  had  erected  ;  but  upon  reflrctinjt  that 
thia  edifice  on  which  he  had  b<>en  declared  gencml,  was  a  >un-diat.  tlie:y 
Wore  apprehcnjive  his  prest-nt  power  might  fitll  into  speedy  decline.^ 
"  Thf  dial  of  Ahaa"  spema  lo  hiive  been  a  public  building  of  a  si 
description.  The  governors  of  provinces  in  China  assemble  on  the  " 
telling  lowers"  on  public  occasion,  (Atlas  Chinetiau  of  Montano«,  p. 
The  Peruviaits  had  pillars  erected  for  measuring  time  by  the  tan.  3: 
dials  were  anciently  madu  of  braw  or  other  metals  and  pbwed  upon  cdIiubih. 
or  were  attached  to  public  baildings.  Vitruvius  has  dcecnbed  sevenl 
in  book  ix.  of  hii  Architecture,  and  among  them  one  by  Kiroiua  the 
Chaldean. 

Dut  dials  are  only  serviceable  whilo  the  aun  shines.  During  clooilj 
weather  and  after  sun-set  thoy  are  u'eelosa;  other  devices  ar«  tfaendbf* 
itM^uin'd  to  mark  lh«  fleeting  hours.  Of  ancient  contrivaocm  for  this  pnr^ 
pose  there  were  two  whose  action  depended  one  upon  lire  Mid  the  otlnr 
on  water,  viz  :  by  burning  slow  miitcliL's,  powder,  ur  c«ndln,  and  bv 
water-clocks.  The  fonoer  (/ere  used  by  liie  Anglo-Suiuns.  (sve  p.  350.) 
and  are  «ill  common  in  Ja^an,  and  y^^^^W  <'t^*>F  Asiatic  omitnries^ 
WieuhofF,  in  hit  account  of  the  'V)«\ftV  eroVma*^  UiC>Vn'aa.,'M.'>sv<>>»^^«««> 
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luve  ioslniToefiu  to  fthow  tbe  boor  of  Uie  day  n-blch  i>p«r«t^  hy  lirv  and 
water.  Tfatwe  Umt  Jepeod  upon  Gre  "  are  made  of  perfuuied  asbtfs." 
(Ocilli^V**  Trans.  lG7:i,  ii.  159.)  This  U  tou  vague  hi  cuiivey  ui  ijea  of 
their  cuiiBtniction  ;  but  Troin  Tliuiibt*rg's  account  of  lliose  lie  saw  tn  Japan, 
«ri!  at  once  learn  what  they  were.  For  ibe  me nsii ration  of  time,  obxervoa 
tltat  enlightened  traveler,  (he  Japanese  use  tlie  bark  of  ibe  skinimi  (aniao 
Cre«)  fiuely  powdered.  A  box,  12  inches  loug,  being  filled  with  aahes, 
small  Turrows  are  made  in  the  ashes  from  one  end  oCtae  box  to  llie  other, 
und  so  on  backwards  aixl  Tunvards  to  a  considerable  number.  In  theae 
furrows  IB  Etn■^«'ed  fine  |n)wder  of  &kimmi  bark,  and  diviiiions  are  made 
for  the  hours.  The  poM'dvr  is  ignited  at  one  ind  of  a  groove,  it  consumei 
very  slowlv,  and  lim  boars  are  proclaimed  by  strikin)!  the  bella  of  the 
temples,     (Travels,  iii,  32S.)     Time  \s  aUo  measured  in  Japan  by  bum- 

2iii.iTc'heB,  twisted  likt<  ropes  and  divided  by  knots.  When  one  of  iheve 
>r  bf'iiig  lighU'd  ba«  burned  down  to  a  knot,  and  thureby  denoted  the 
lap»p  <>t"  \i  ccTiain  portion  of  time,  on  attendant  announces  it  by  a  cenain 
HiimtH>r  111'  strokes  on  bells  near  their  temples,  if  in  Oie  day  lime  ;  but  in 
ihe  iiij:ht,  by  striking  two  pieces  of  wood   against  each  oihur. — (Ibid.  &S.) 

In  all  ancient  devices,  the  passing  hours  were  aonotincBd  by  men  ap- 
pniuied  fir  the  purpose,  a  custnm  still  continued  over  all  Asia,  oomeumes 
II  was  done  by  the  voice.  Thus  the  Turks  have  an  ofBoer  (with  strong 
lungs)  on  the  top  of  every  mos4|ue  who,  siupping  his  uars  with  bis  fingara, 
pniclaiuLs  with  a  loud  voice  the  break  of  day,  noun,  three  in  the  aAemona, 
and  twilight.  Martial  the  Roman  satirist,  refers  to  a  similar  practice,  and 
AibeniSUB  mcniuins  "a  merconary  hour-teller."  AHuiruds  to  the  sama 
.custom  are  to  be  found  in  the  l>ibla — that  which  ye  have  spoken  in 
cioeet«  "shall  lie  proclaimed  upon  the  house  lops."  Bui  the  more  genera) 
mode  was  that  which  is  still  so  common  In  iho  ICast.  viz,  by  strikinc  a  hell, 
drum,  gong,  or  some  other  Bonoroiu  instrumont,  and  distioguiabing  the 
different  hours,  u  in  our  clocks,  by  the  number  of  strokes.  In  modem  ages 
in  Europe  before  the  striking  parts  of  town  cincks  were  inventrd.  men 
struck  Ihc  hoiir  on  a  bell,  and  long  after  these  officers  were  dispensed  with 
figures  of  men  were  made  as  omaniontj  to  perform  the  eamf  duty.  To 
tbew)  *'  Jacks  of  the  clock,"  Shakespeare  and  other  ^Titers  of  his  age  oRon 
rofer.  Such  clucks  aro  still  extant :  the  one  attached  to  St.  Doiisian's 
eburch  near  Temple  Bar,  London,  is  al\en  meniianed  by  writers  of  the 
last  century,  and  we  bcliuve  ia  still  to  be  seen. 

Sumo  authors  stlnbutn  the  invention  of  trota--ctocUt  to  Ctosihius,  and 
others  suppose  they  were  first  used  under  the  Ptolemies ;  hut  both  are 
mi-tlaki-s :  ihcy  vfere  doubtlofls  greatly  improved  by  the  Alexandrian 
mnthemalirian,  and  probably  renchrd  the  acme  nf  perfection  under  tho 
gaee^mara  of  Alexander,  tn  Indi.i,  Kgypi,  Chnldea  and  China,  clepsydrm 
dale  hack  beyond  all  records.  They  were  known  at  an  early  period  in 
Or«^oce  Plutarch  mentions  them  in  his  life  of  Alclbiades.  who  nourished 
in  iho  fifth  century  B.  C.  when  ihev  wore  employed  in  the  tribunals  at 
Athens  to  mcasun^  the  lime  to  which  tlie  orators  were  limited  In  their 
addresses  lo  ihe  judges.  Di>mr>sthcne9  and  his  great  rival  ^schinet 
alluilc  to  this  u«r  of  them.  Plato  had  water-clocks,  and  to  him  wan  attrl. 
buted  their  introduction  into  Grceee.  Plutarch  in  his  Philosophy,  obscrrcs, 
that  Gmpedoclcs  illustrated  tho  act  of  respiration  by  "  a  clepsidre  water 
iKMir-glass."  (Opin.  of  Phllos.)  Julius  Cnsar  found  tbe  Britons  in  pos- 
•esaion  of  i hem.  Pliny  (book  vii,  60.)  soys,  men  announced  with  the  voice 
the  Iniurfl  from  the  shadow  of  the  sun,  and  that  Scipio  Nasica  set  up  the  lirat 
dfjiaydra  "  to  divide  the  hours  of  both  day  and  night  equally,  by  water 
distilling  and  dropping  out  of  one  vcasel  into  another." 
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EgyptioJt.  Siamae,  ami  Ihmiiaa  Watrr^CMU.         pfalfc^ 


The  anciHnlJ>  liad  v&rious  roodificatiom  nf  wairr^octu,  tionM  were 
eeedingly  eimplH,  luul  ocImt*  elsbor*lely  constructej,  and  the  fomw 
decorations  wniutitrrutly  diversified  ;  bui  tW  principle  was  mnra  or 
the  setiM  in  all,  viz.  wraler  tricUing  itirough  a  mioiitc  chaniirl  fhim 
vessel  iiito  anotber.  The  inatnimonu  were  made  of  vnrioiii  malenab 
from  glsM  to  gold,  and  of  lixea  difTering,  like  modem  clock*,  from  laica 
one*  permanently  erected  for  public  use  to  auch  aa  were  camod  io  oit 
band. 

Vnlerianua,  who  \rmte  in  the  16th  cotrtury,  saya  the  prieatt  of  BgQr^ 
divided  dii.*  day  into  tvetiv  hour*,  because  the-  c^TiocephaJua,  e  aacml  am* 
mal.  was  obiterved  to  make  a  violent  none  at  those  limca,  and  tr>  void  uriM 
u  oHeti.  Cicero  mentiona  a  tradilirm  of  Tnamegistus  observing  the  01110 
thing.  The  Egyptians,  therefore,  ornamented  their  water<toeka  with 
figures  of  apes,  and  some  were  of  the  form  of  those  animals  urtnatifigj 
bence  it  would  seem  that  thtt  aingular  people  not  only  derived  1  ninim 
from  studying  the  habits  of  the  ibis,  but  were  led  tn  ronttruct  cicpaydf* 
from  noticing  those  of  monkeya. 

As  it  is  impoasiblo  to  give  anything  like  a  history  of  theee  mnrhinet 
this  volume,  we  shall  notice  a  few  only,  bnt  sufficient  to  give  a  general  itl 
of  their   constriiclion  and    variety,      SomolJines  an  empty  Kostn    with 
minute  opening  ihrnngh   its  bottom  waa  placed   dealing  in  a  iMstcrti 
water;  the  Huid  gradually  entering  filled  it  in  an  hour,  half  an  hour, 
■ome  odier  determinate  time.     It  waa  tfaon  emptied  and  allowed  lu  cwtm 
as  before ;  as  soon  as  it  became  filled,  a  gong  or  other  inatrumeni  waf 
sounded  for  the  information  of  the  ptiblie. 

"  The  Siamese  measure  their  time  by  a  aon  of  water-clocit,  not  like  the 
clepsydra  of  old,  wherein  the  water  descended  from  above,  hut  by  fonc'mf 
it  upwards  through  a  imall  hole  in  the  bottom  of  a  copper  cup  pUc«d  n 
a  tUD  of  water.  When  ihe  water  has  sprung  up  so  long  thai  the  cup  W 
full,  it  nnks  down,  and  those  tb»  stand  by  H,  forthwith  make  •  noite  wlA 
baaons,  signifying  that  the  hour  ia  expired."  (Ovington'a  Voyagv  teSwH 
in  1039.  u  281.) 

The  gkurree  itl,  or  clepsydra  of  the  Hindoo*,  constats  of  a  diin  hniaa  am 
having  a  hole  in  the  bottom.  "  A  large  temet  in  filled  with  watpt  coil  lk« 
cup  placed  on  the  aurfaoe  ;  the  water  risen  ifarough  the  hole,  and  wbea  it 
b«s  naobed  a  height  marked  by  a  line  previously  aiJjtMed,  the  wnxtkam 
HrikM  the  hour  witli  a  wooden  mallet  on  a  pan  of  bell  metaJ.**— (Sb» 
berl'a  Hind.  v.  167.) 

In  other  devices,  time  wma  meejured  by  rmpiymg  the  vin««>l.  Vtleiik* 
nus  u\jMrves,  that  the  priests  of  Acania,  n  town  beyor»d  (hf  Nile,  pound 
waU'r  every  day  into  a  vessel,  by  the  dmppingof  which  through  a  ■maH 
hole  they  meaaured  tlie  hourt.^-(Harris'  Lex.  Tech.) 

Or.  Fryer,  who  visited  India  in  the  17th  century,  obeerved  iIm  Hia- 
doos  measuriug  time  "  by  the  dropping  of  water  out  of  a  braaa  bMin."— 
(Tmvelf.  186.) 

It  is  obvious  that  by  adapting  ilie  size  of  an  opening  in  the  boctofn  of  a 
ve«el,  the  entire  eontenu  of  the  latter  might  be  made  to  flow  ovt  i>  a 
eenain  tirmi  and  with  tulerabtc  accuncy  ;  but  in  refilliDg  it  gr«»t  Mrt 
was  required  10  introduce  proeisety  the  same  i)ua»uty.  To  acooB^ifiiil 
Oat,  boui  the  vessel  and  receiver  wero  dosed  on  all  odea  and  nmwwUnil 
logetber,  to  thu  when  tlie  proper  i[uantity  of  fluid  waa  once  tmiwhwtd; 
it  oould  neither  eacape  by  leakage  or  evaporation.  Both  veaaab  wei* 
■hn|K*d  ixke  a  p9(irmauihttf<d  af  Hf  nnati(rend».throa^h  wfaic4i  tV' paaaaft 
for  thu  fiuid  wu  made ;  «nd  someutnct  tuid  was  used  iaiicad  of  wMtT) 
Hence  the  hourgbua  o(  modexii  A^-ja, ■iW  ot^-j  TOin&v%«i«fc di 
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eTptwydrv  wKicfa  modern  nudons  continue  m  use.  NiRoliniruhservHa  of 
Cli»ip#«  wuer-clnoks,  "  tlie^  Iwsr  u  restnublaiico  to  oumc  ^rvut  hour- 
HuseR  in  ah»pe  ["  and  be  mys,  in  auvcral  sand  was  used  instead  uf  water. 
On  tn  tac'jpTM  bas-relief  at  Koino,  rejtreseiJlin^  ihv  nBrriage  of  Thetis  and 
I^etpiiN  Mi>rfih»ua  holds  an  htrUT-gUut ;  and  from  Athoofflua  we  learn  that 
the  !incieni3  carried  portable  unea  aliuui  with  them  somewhat  as  we  da 
WTElches. 

In  another  varie^  of  elepsydre.  the  sidM  of  the  vessel  from  which  the 
fluid  escaped  were  gnulimted,  somewhat  like  chemists'  mnasuring  glasses, 
aad  the  linurs  uioonnced  as  the  tli'scvntling  8urt'a<M.<  of  the  fluid  reached 
die  marks.  If  the  vessel  was  of  a  e^lindrical  or  rnhical  6gure  the  distance 
between  the  marlis  was  nut  uniform.  Ihtciluso  the  water  escaped  fastest  at 
first,  in  consequence  of  the  creator  preHsurr  of  the  column  over  the  orifice, 
which  pTL-wure  cunsunOy  diminisheii  with  the  efHux ;  iho  surface  of  the 
fioid  could  not  therefore  descend  llirouf^h  f(|UDl  snucca  in  e^ual  times. 
When  such  formed  vessels  were  used,  the  reluiive  distances  of  tlio  marks 
were  probably  determined  by  experiment,  although  they  might  have  been 
by  calculation.  Sometimes  the  vessels  wore  funnel -s^iaped,  the  angle  of 
tbcir  aides  being  mi  adjusted  that  an  equal  distance  could  be  preserved 
between  (he  miu'ks — unequal  quantities  of  the  fluid  escaping  in  equal 
tunes.  These  instruments  wurc  generally  made  of  gloss,  and  a  cork  or 
0ome  floating  image,  to  which  a  needle  was  secun:d.  pointed  out  the  hoar 
as  the  water  sunk.  Panrlrollus  mys.  the  small  holes  were  edited  uiiK 
gold. 

In  Mine  etepsydne  the  fluid  was  received  into  a  separate  vessel  to  ratsf 
s  Boating  image  that  pointed  an  on  index  to  the  hours.  Sometimes  a  boy 
with  a  rod.  Time  with  his  scathe,  and  Death  with  a  dan.  In  this  variety 
of  the  iiistnimcnt.  it  wns  desirable  that  the  quantity  of  fluid  discharged  ^nio 
the  vessel  should  b>.'  uniform  at  all  timoa ;  and  to  effect  this,  the  floating 
siphon.  No,  2X>,  was  sometimes  used.  Such  we  presume  was  the  clepsydra 
of  Oronlps.  which  was  made  "  in  the  fnrm  of  a  small  ship  floating  on  the 
water,  and  which  emptied  itself  hy  means  of  a  siphon  placed  in  the  middle 
of  it."  Dr.  Harris,  not  aware  of  the  proprny  of  n  floating  niphon,  could 
lK>t  perceive  how  the  hours  were  maoe  equal  by  rbis  conirivance,  which, 
be  observes,  Oronies  devised  to  remedy  the  unequal  Jlaw  of  water  from 
an  open  vessel. — [Lex.  Tech.) 

NieuholT  noticing  the  numeroiu  towns  in  China,  upon  llio  greater  part 
of  which,  he  observt^s,  were  clepaydrfp,  nays.  "  upon  the  clock-house  uir- 
reis  siamU  an  instrument  which  shows  the  hour  of  ilie  day  by  means  of 
¥ratcr.  whieh  running  from  one  vessel  into  another  raitt*  a  hoaril,  upon 
which  is  portrayed  k  mark  for  the  lime  of  day  ;  and  you  are  u>  observe, 
there  is  eilwitys  a  penwMi  to  notice  ihe  time,  who  every  hour  »igrdGes  the 
same  to  the  people  by  heating  upon  a  drum,  and  hanging  out  a  board  with 
the  boor  writ  uptm  it  in  large  letters."  (Ogllby,  Trans.  196.)  Monianus 
says  these  letters  were  "  a  foot  and  a  half  long."  See  also  Purchas'Pil- 
gnmage.  499. 

In  another  cIa.M  of  ancient  elepsydrm,  llie  water  dropped  upon  an  ovcr- 
shni  wheel,  which  lumed  an  index  in  the  centre  of  a  circle,  round  which 
the  biturs  were  marked  ;  hence  our  clock  and  Watch  dials.  "  The  Cbineso 
have  ulbRr  itisirumentii  to  know  the  hour  of  thtt  day,  being  somewhat  tike 
oltr  clocks  with  wheels,  anrl  ihey  are  made  to  turn  wiUi  taiid  as  mill- 
wheela  are  witli  wster,"  (Nieuhofl".)  At  last  solid  weights  were  intro- 
Huoed  in  place  of  water,  aivd  by  mean*  of  oords  gave  motion  to  the  if>dex, 
and  thus  opened  the  way  alill  more  for  the  introdueiion  of  modern  clocks. 

It  would  appear  from  the  description  of  clepaydne  by  Vitruvius  and 
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other  wniert,  that  the  nneionU  hid  carried  these  Ruehtnsalo  to^  P**l 
perfectinii ;  And  as  regards  omunent,  Oiuy  pnibftlilv  •xcdUmI  munr  of 
our  inuit(>l  lime  pieces.  They  wurc  even  comlitaM  with  ratuie.  Thia 
Plato  bad  onp  ihnt,  during  tKu  night,  when  ihv  index  uI'iImi  dial  eoutd  not 
be  ftcen,  Annnoneed  the  tioMi  by  pUytng  ujion  flutes.  AlhesBiM  kImi  cofr- 
Btruotrd  nne  ihu  indicated  the  hnura  hy  suunds,  prodncod  by  th*  earn' 
pret«\on  and  cxpuUion  of  air  by  watvr — the  »rne  principle  lu  PUlo'a 
Piiirarch  in  enumemting  the  spoils  of  A«in  which  I'diupey  exhihili.'a)  >l 
hid  thin]  triumph,  Iwsidvii  cups,  chveu  and  bods  of  gold,  a  tnouotain  of  tfai 
mnin  metal,  with  atatuos  of  harts,  Huns  and  ulhur  buaita;  troM,  aiid  all 
kinds  of  fruits  fbnned  of  puarla  suspviitlud  rrt>in  goldun  brmnobsa,  ke. 
continues.  "Of  the  aluns  aubstanm. ~ tlii.'re  was  a  docfce,  so  ciuu^a^j 
wroufrht  Lhiu  ihu  wo'jrkiaanshyp  oaoelled  the  atuiTc.  and  wbioh  contt 
nually  moved  and  turned  about— «  right  woonderfuU  and  aumogt  aight." 
— ("PhiaickB  against  Fortuoe,"  tnoslated  by  T.  Twyno.  LomL  IfiTI^. 
F.  120.) 

The  want  of  uniformity  in  the  going  of  ancient  water-cktcka  was  notiaad 
by  Seneca,  and  euintiumd  to  the  iliSerencee  of  opinions  L>nl«ri«iiiBd  hy 
ptiilowiphuri  ;  and  Charles  V.  aAer  shedding  rivers  of  bimxl  to  make  bm 
Dcliovo  the  dogman  be  Mrished  to  itopose,  amuseil  himaolf  in  his  ntm- 
meni  in  tJiu  oonstructioii  of  watcbw,  and  waa  surpmsed  that  ha  eoaU  ant 
make  two  y;u  alike. 

Nth  272  represenu  one  of  the  improved  clepsydrw  of  Ciawbiaa,*  from 
Parratilt's  Traiislduoii  of  ViinnTus.*  It  pre^ems  geveml  intereating  par- 
Uculars  relating  to  thu  suie  nf  the  useful  arts  upwards  of  twenty  eentoiies 
ago.  and  i*  better  calculated  to  impart  information  to  mecbanin  napan- 
ing  the  iiiguiiuiiy,  and  even  the  workshops  and  tools,  of  tbvtr  aiicm|< 
breihron.  than  rrams  of  lotlvr-press.  Be»id««  carving,  lurtiing. 
iog.  Sec.  Ace. — ir  fthnwB  tho  practical  application  of  water  to  move  oi 
shot  wheels — the  an  of  tnnsmiiting  motion  and  of  ebanghig  iu 
by  toothod  wheels — it  t!Khibit«  the  same  principle  of  measuring  litns 
practised  by  our  dork  and  wuicb-makera.  vis.  by  pmporlioning  ibe  niini> 
bcr  of  tiHtth  on  wheeU  to  those  on  the  pinions  between  wUeh  th«ry  ' 
The  application  of  the  siphon  iit  alM>  intureoing,  being  ib«  Nine  as  ta 
to  illustrate  the  action  of  intormiuing  springs.  Upon  this  itutrummL  I 
renewal  of  the  diurnal  movcmcnis  of  the  maobinery  dep«nd»d :  iUi 
being  simihir  io  that  of  winding  up  an  onlinary  clndt. 

Tni«  clepsydra  consisuid  ot  a  cylindrical  column  placed  oo  ft  aqaare 
p«>b'!«tnl.  within  which  the  mechaaism  waa  conoealed.  Tho  bours  for 
noth  d'ty  and  mght  witc  marked  upon  the  column ;  their  h>M|aality  at 
diAVtrontseaKun  being  moo-iured  by  uiii*{)aaJ  dtataaoes  bstween  ihm  earrad 
lines  and  by  the  revolution  of  the  column  round  iu  axis  once  a  year.  Oa 
ibe  pedeatal  are  seen  the  figures  nf  two  Wys,  one  of  which  waa  imfBOTe* 
able,  but  the  oth4>r  rose  and  pouitod  out  the  difftirent  hours  with  hta  tvand. 
Water  (sappliod  from  some  roservoir  by  a  concealed  pspe)  cotuiaually 
droppcil  from  the  eyes  of  the  Kgiirc  on  the  lef^,  and  (albng  iaio  a  diib 
vtdt  b-onveyed.  by  a  borixontal  channel,  under  the  feel  of  the  other  ^^inv, 
whnm  it  trieklod  inin  a  deep  vcBSfl,  or  targn  vertical  tulw,  whoM  lowtr 
end  was  cloaod.  In  ibis  tube  a  Bout  was  niadc  to  rise  and  fall  with  ik* 
watar,  and  being  atiachud  to  tb«  feet  uf  ihv  (tfrurr-  with  tha  waad  ramrd 
it  to  riao  also,  and  thtu  to  indicate  the  lapse  of  tjm«.     At  ihit  aad  a(  94 
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hour*  the  tTihe  wniild  l^^c  filled,  ntid  ibe  Rgure  nuar  tlie  top  itf  the  column. 

ll  vns  then  thai  the  vipKiin  curiiv  iiitu  pluy.     iu  shurl  k-g,  u  rc[^irvflcnle<l 

m  tlio  cui,  was  cotinectud  to  the  lowur  port 
of  thu  tube  tfiut  coniiiiiicii  liic  f}o«t,  and  lU 
bend  r«ac)iud  w  tiigh  u  tli«  uppt-r  t>i)d  of 
the  tube.  When  tne  luwr  thurelbn*  wu 
full  the  fliplion  would  be  charged,  and  tlio 
cnntenU  vf  thn  luite  duc^arged  by  it  intci 
one  of  the  buckciv  of  ilie  wheel.  The  Bguiv 
willi  the  wvid  would  then  dc»ocnil,  having 
nothing  to  support  Iu  The  wheel  having 
six  buckets  only,  performed  s  revolution  in 
six  days.  To  its  anU  was  secured  a  pinion  of 
six  teeth  thai  worked  into  a  wheel  with  iixry, 
and  on  the  shaft  of  ibis  wheel  a  pinion  nf 
tsn  tenth  drove  a  whni;!  nf  aixtv-nne  leoth, 
which  last,  wheel  by  ita  nxis  tumod  Oie 
column  round  once  in  365  days. 

As  the  accurmcy  of  such  n  clock  depended 
upon  the  siiw  of  the  orificf-i  tn  the  weeping 
figure,  whence  the  water  escaped,  to  pre- 
vent  their  enlar^mt'iit  by  the  friction  of  the 
liquid,  Ciesibius  bushed  them  with  JcwpIs. 

About  thu  year  807.  the  Calijih  Haroun 
ftcnt  <H>me  valuabla  pretiunts  to  Char leiii  ague, 
und  among  ihem  u  water-dock,  which  struck 
ihi^-  liount  by  muans  of  iM'elva  lillle  hmM 
•kHa  failing  on  n  bell  of  tho  b«ido  meUil, 
There  wi?rc  alio  twelve  fignrca  of  sohilerst 
which  ut  the  end  of  each  hour  openrd  and 
shut  doors  arcurding  to  the  number  of  iho 
rour. — |,Mnriigny':i  Hist.  ArabianH,  iii.  92.) 

ThvreiaaveryHtmplcclopMydrainKirchcr's 
Mundua  Subtt'rrantiiis,  lorn,  i,  167.  M.  Auion* 
lout  devi*eij  aituiher.  Mf'm.  Acad.  ScitMice, 
A.D.lG93.ri^51.  .SnM>U<.Phil.Tran8.vo|.xlr, 
[1. 17 1,  and  Fludd's  tlimin.  Decaus  has  given 
II  rieptiydrit  in  the  Hfih  plate  nf  his  Forcible 
Movfn>ent4.  A  water  [Miiidulum  ia  figured 
in  Oxanam's  R«>«rejitioii.i,  p.  I{88. 
Hoiir-iji'iBHe.i  were  formerly  plai:e<l  in  coffins  and  biiHml  with  ihn  corpse, 

grobflbly  M  ^yml>ola  of  monulily — the  itandn  nf  lifn  having  run  nui.  See 
\fTit.  Mag.  vnl.  xvi,  646,  nnd  Kvii,  264.  Lamps  found  in  ancient  sepul- 
Lcbri-9  were  poaaibly  interred  with  the  same  view — to  indicate  the  lamp 
of  life  having  biwome  exiinguinhed. 
UArcilni>Mi  mnniiona  ■  dial  liy  which  the  Peruvians  attcftnained  ihfl  time 
wbiKii  'hn  ?iun  entered  the  equinox  :  whether  thew-  people  or  the  Mexicans 
Iftcl  wAifr-clockB  we  have  not  been  able  In  nei^ertiun. 
^Hydravlir  Orgiau  do  not  appear  ui  lie  of  so  high  andquiiy  as  clepsydrfn, 
bni  ihi^ir  origin  is  R4]uall^  uncertain.  Perhaps  ihcy  were  derived  ^m 
mnsirnl  wntpr-clocka, 

Th^*  firrtnrpans  were  probably  nothing  morr  than  simpli^  cnmhinotions 
L  aC  fltiu>s,  pipes,  and  Other  primitive  wind  insiruTTienis.  Whai  the  cir- 
H  eumsuni't^s  were  that  led  m  the  idea  of  aniting  a  number  nf  the.<ie,  and 
r  Applying  them  with  wmd  (rom  bel  low*  instead  of  the  mouiK  caxv  hM^V*;  Vik 
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comectured.  The  Rrtt  «lop  wm  probably  bag-pipea,  and  the  micoikI  ibv 
■duiDon  uf  keys  or  valves-  I»  prucei)*  nf  litnc,  tiie  ittttrumcnt*,  iiwusij 
of  Ijeing  made  of  nwds  or  oth«r  imtufal  lubmt,  wera  ibitued  of  tm^tal ;  aiid 
their  number,  varivty,  «iid  dimeosioiM  incrvksed  until  orguis  bccotne  tlw 
most  powerful  &nd  hftrmimioua,  uid  cotu»e<]ueatly  the  moat  eatecined  t£ 
■U  mueical  machiiieit.  The  orgmns  mentioiuMl  in  the  Oihle  went  prubsblj 
portable  oi)f-s,  >iiiiilKr  U>  ihtf  imrderii  regsl-  The  siicii^tiia  divided  tbem 
intu  two  claH<r»-*-/miTVJMRfi('  and  h^dratUie,  or  wind  uud  wntpr  orAo*. 
Tb»  diflerence  cunnuted  merely  in  tlte  modes  of  Bupplyiiig  the  wiiid-— ia 
oo«  it  WW  by  means  of  water,  while  in  the  other  bellows  were  iMroHud 
by  men. 

Water  was  employed  in  various  ways  in  ancioDt  hydraulic  orgaoa. 

1.  By  falling  tlirxiugb  a  pipe,  it  carried  down  air  iiilo  a  reservoir,  a*  in 
the  uombe  or  shower  bellows,  (No.  198.)  Here  it  not  only  fumiabed 
the  air  but  forced  ii  tbrougb  the  pipes.  According  to  Kirchcr,  ii  was  then 
discharged  on  a  wheel,  and  eave  motion  to  dnima  on  wboso  pcripltcr 
wcra  projecting  pins,  w>tieh  deproseod  the  keys  of  the  instrumeut,  aa  ia 
modem  barrel  organ. 

S.  It  was  discharged  upon  an  overshot  wheel,  and  by  orwika  and  lev* 
mcruly  worked  common  bellows.    This  may  seem  stnmge  to  some 
but  it  musi  be  rememlierpd  thiu  thftwinMnimenw  were  often  oTcnor 
dimensions.     Even   so   rude  n  people  as  the  Anglo-S«xons,  b*d  or 
that  recjuired  "  seventy  strong  men"  lo  work  the  bellnwa. 

3.  Srirn4>iimes  water  was  only  n.<ied  in  an  open  lank  nr  risteni,  (I 
whicb  a  emMler  one  constituting  the  air-chamber  was  invert^.     The 
was  then  for^'ed  by  ordinary  or  piston  bellows  into  the  latter,  and 
placing  the  water  caused  it  tn  ri&e  in  tbo  outer  vessel,  where  its  com 
pressure  urged  the  a.ir  through  thtr  organ. — S™j  No.  1 10,  and  p.  845. 

4.  The  vapor  of  boiling  water  or  Steam  wn*  also  uM-d,  and  wUicb 
counse  supplied  the  place  of  both  w^ind  and  bellows.     The  extent  to  m\ 
steam  was  used    is  unknown.     It  was  probably  coofined  chieSy  to 
temples. 

The  deUtiU  of  the  merhwnism  of  ancient  organs  that  have  coiite  doWD 
arc  very  imperfect.  Thiur  description  by  VttruvJus  and  Heron  is  ofaacvf^ 
and  in  some  ports  unintelligible  ;  and  they  admit  that  the  construction  "tm 
loo  complex  to  Im;  eanily  comprehended  exce|>l  by  those  finniliar  with 
them. 

The  eailiest  distinct  notice  on  record  of  any  thing  liku  a  wmer^ir^^B^ 
is  the  musical  cl«!p«ydrii  of  Plato.      Thtfn*  !■>  no  reiison  In  stlp{>i>«e  it  W 
invented    by  b'tni,  but  r^tber  the  contrary,  for  bo  contemned  nil  m'-fb«l 
cal  sneculiilions.     He  prolmbly  met  with  it  in  Ef^ypl,  and   )>> 
duced  it  to  his  countrymen,  was  (aa  usual  with  them)coitsidt?mi  -    '>r^ 

Terlullian,  in  a  Trealisf  on  tlie  S*iul,  speaks  of  an  organ  invnated  by 
Archimedes,  but  of  lis  construction  little  is  known. 

From  Vilruvius'  account  of  hydraulic  organs,  and  from  thi?  last  two 
Problems  in  Heron's  Spiriiatia,  we  learn  that  ihey  were  very  rUbormte 
macliines.  Decaus  has  amplilied  some  of  Heron's  devices  for  prudueinf 
music  by  water. 

Plutarch  in  comparing  Cato  and  Pbocion,  after  observing  that  their 
Mvorily  of  manners  was  equally  tempered  with  humanity,  and  their  valor 
with  caution ;  (hat  they  had  the  aoine  solicitude  for  others,  and  tjie  saina 
disregard  for  themselves;  the  safoe  abhorrence  of  every  thin|f  base 
dishunornble,  it^c.  obsorves,  that  to  mark  the  difiereneo  in  tiieir 
lers  would  n^quire  n  vev^  iWvca\n  v^-fc^wsatiwA^v*  \\w  ^»*l*)  lUi 
Kmnd«  of  the  organ.      TV»  «  »vivv«m4  \>^  \.»ni^wi^vw  \a  >*.>•»■ 


Ci)»p.  8.)     i^rv't  Watgr-Organ-'Olher*  im  l)t«  fllidiUe  Age*. 
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ohjiNjt  vow<Ni  hy  him»  when  iho  empiro  was  in  danger  frnm  ihe 
of  Vindpx.     Inviiine  some  ol'the  chiof  Romcns  lo  a  cnnsuttiition 


wwter-ormn.  Tbn  elder  Pliny  refcre  to  tbcm  in  book  \x,  cap.  8.  Spcbk- 
iiw  of  dolphina,  ht  obwrvca,  dieyan"  fond  of  rauaic.  ospeciaHy  "  the  sound 
en  thn  Witter  inttTum€»t,  or  suchVind  of  pipes."  Wc  noticed,  page  -tAb, 
a  repTVsontation  of  an  hydraulic  orj^ti  on  a  timlul  of  Vaicndniaii.  Tbe 
■ilv^r  Thton,  mrnrioiic<l  in  iho  ctinnKr  on  PounuiriA.  iliat  hy  itiBchin«ry 
\ni«  niAdt*  to  rise  out  of  the  luke  and  sound  a  trumpet,  may  be  considcrrd 
a  HKxtiftration  of  Ha^tf.  ioatrumvnla,  Mnd  ao  may  tbe  whutling  clock  of 
Ath(^it4riis  mcDtioiwd  in  rhf  la^t  one. 

Siu'tonius.  in  hi*  I.ifi'  of  NVro,  T]»>ntions  an  hydraulic  organ  which  that 

aoiiN!n»r  took  |>«rticiilttr  pU-osure  in,      It  mint   have  bot^it  n  magnificent 

r,  since  even  Nt^ro  deemeJ  it  of  siiffioient  im)>iirianc«  to  form  ilie 

icip«l 

rebellion  of  Vindex.     Inviiing 

oo  public  affniri,  "  he  enierliuned  ihem  the  rt.-fti  o{  llie  day  wiili  an  nrgan 
of  n  u-vv  kind,  and  shoiving  them  the  seveml  partA  of  the  invention,  end 
discuureing'  nbnut  the  nature  and  diffiriilt\-  of  the  instrument,  he  told  them 
he  de^i^ncd  to  introduce  il  upon  thtr  iheatre,  if VindtfX  would  permit  him." 
In  this  poasage  Sui^toniiiD  dot-M  iwit  Htute  that  the  machine  Wtts  a  trafcr* 
tW)tan  ;  liiil  in  a  iiiibitequent  one  he  ohwrvea, — "  Towards  the  close  of 
Nen/fl  life,  he  publicly  vow)?d  tliai  if  tbe  empire  wiu*  secured  to  him  (by 
OTurcomtng  tbe  rebels)  he  would  hritig  nut  al  the  games,  for  bis  obtaining 
the  victory,  a  tealrr-orgait,  a.  chorus  uf  flutes  and  bag-pipes,"  fee 

The  author  of  n  letter,  attributed  to  St.  Jerome,  speaks  of  a  lar^e  organ  at 
pJ«ni«atcm,  the  sounds  of  which  c^iuld  be  beard  al  the  distance  of  a  thoumnd 
'^■ees.  or  to  (be  Mount  of  OHvcs.  Ii  consisted  of  two  elephant  skins,  or 
rather  perhaps  resembled  two  of  those  animHls.  There  were  twulvo  large 
bellows  and  tiftcen  bruss  pipes.  The  two  animals  wore  siiid  lo  repro-seni 
the  Old  and  New  Teslnmruts — the  pipes  the  p«lriarcbs  and  prophets,  and 
the  Ix^tlowa  the  twelve  apostles.  The  particulars  of  tU  consiruction  are 
not  known. 

Organs  wer«  u»cd  more  or  )«sa  throughout  the  dark  ogea.  during  which 
Hvernl  were  brought  into  Europe  from  ilic  East. 

In  7S7,  the  Greek  emperor  Consl&ntine  sent  two  organs  to  Pepin,  king 
of  Fraxwe.  Mezeray  saya,  they  were  ihc  first  fteen  in  thai  country. 
Another  waa  sent  from  Con»lnntinople  to  Ch»r1emiigne  in  ^12;  but  nnthing 
IB  kiwwn  of  their  consrniction.  except  ihai  tbe  last  imitated  the  soutida  of 
thtinder,  the  lyre  and  cymbal. 

In  the  ninth  eennirj-,  I.^uifl  Debonnnire  hail  a  waier«rgan  made  fur  hia 
palace  at  Aix-la-Cb»pelle,  by  a  Venetian  priest  named  George.  Another 
organ,  in  which  wntur  itaupimsetl  not  to  liave  Iieen  employed,  be  erected 
in  one  o(  iho  churches  of  that  city,  and  its  sounds  are  satd  to  have  been  sa 
ravishing,  that  a  woman  died  in  ecstacy  tinder  (heir  influence. — (Sec  Pre- 
face to  L'Art  du  Facteur  D'Orgues ;  Arts  el  Meliiires,  folio  ediu  1778.) 

At  page  401.  we  mentioned  an  organ  mode  by  Gerbert,  iti  which  steam 
was  employed  instead  of  air.  ' 

We  find,  says  Fosbroke,  organs  with  pipes  of  Iiox-wood,  of  gold,  and 
organs  of  alabaster  and  glass;  and  some  played  on  with  warm  water. 
Brau  pipes  and  liellows  are  menlionod  by  William  of  Malm^bury.  "  The 
monka  of  Italy,  of  the  orders  devoted  lo  manual  labor,  apptie^j  tbemsclvca 
to  the  fabrication  of  organs ;  and  in  Uie  tenth  century,  a  maker  was  tent 
inio  France,  whence  they  insensibly  spread  over  all  the  weMcrn  rhurchea." 

Of  modern  hydraolic  organs  it  is  unnecessary  u>  enlarge.    Several  hare 
n   noticed  in  the  chapter  on  Founlnini.     They  have  Iterome  nearly 
*»liiicL      Se*-    Klrcher's    Mu»<ifg>a    Universalis,    Fludd'*   .Sirnia.    Decaufl* 
Porcibitf  Movements  ;  Miison,-  Blainville.  Breval,  and  Keysler's  Travett. 
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Tbe  old  [legal,  b  diminutive  species  of  organ,  ttill  iisfd  in  aumr  psra 
of  Europe,  wss  somclimot  scted  on  bv  water  ;  at  least  su  it  would  «Mn 
from  a  remsrk  of  Lord  Bscon  in  hia  Stfiva  Speaking  of  musK:.  bs  pir> 
ticularizcH  tlie  tonus  from  the  pcrcuMton  of  metaU,  as  tn  bells— of  tur,  si 
in  the  voice  while  Kinging,  in  whistles,  organs,  am]  strtngBd  iniliniumm 
"  and  of  tcater.  as  in  ine  nightingale  pipC4  nf  regalia,  or  organs,  uk)  otW 
hydraulics,  which  the  aneients  had,  and  Nero  did  so  mncn  oaiocina.  bat 
are  now  lost" — Cent,  ii,  102. 


CHAPTER    IX. 


Sum-  I.cin:  %MtA  (artr  kii*itB— Rooiiia  plf  TM«d— Aw^pni  om*  o(  ImI— LcMla  isd  irsat 
CaMtw  ^eal  iMd— Anlilar— I>««il«i  hg<>k>— Ruob  tottnA  «llb  IbmI— iDitBUoa  •/  ra(M  I 
AMlUuf.  LkADSIf  Firn.  Of  gnml  Mllqatlr— Haain  (nn  •«•*■  Ua4  bji  ihi  lliiiiwi  niiSa— I  itf 
Jumsbs — l,««il«spl)>«*  taBpkln  inUi*  Dlalta  cntiur— I>unaKv>— LfaUuv  p>f<»  WimImb  iim  f^» 
-4ii¥«ulli>n  uT  cut  iMdun  |>ip»— Ap«tliar  plau  In  Pncre— Joini*  uaiwd  wIiSmK  <nUaii~4s**MI'i«  (i 
dM>n  litdtii  pLp«t— Burr'*  ii»lo  vf  naklBf  l«kd«n  f  ipat— AnUquiiy  •! slsdo*  laai— WaMt  tmyrtl 
b)  puaiuc  IhivBfli  l*«ltii  pip*B— Tin  Kill  pipM.     VnTMi   Tkair  uHfUMf  anrf  VtaMly— HnvaSaf 

mriavcri.  Cocsi t  Of  m« rarltiy  u<  iMUrtab  Is asiMM  Timn  llnmirtn  Vrnkt  itttt^d  u ife* 
bnr  aif  lirm»  uul  iba  braMD  M*— AUv  i«  fold M  uri  iflvw  ciHarw  In  Ifct  tawpb  •!  IMp4*— TaMi  Is 
JipUMM ksilw— n|sN ef  M Hctofti braut  lit  ffiytrtitr  niltm-nirimmTi  waUfs  nsii  rat 
ftnoi  ■  RgonD  fliiinwln  ftiir«h«ri  found  M  Ponpati-^ilTar  pip«  and  aocki  Is  Wn— a  ball 
•n4  nlvet  pipe*  uid  cMhi  is  l^raTl4a  baihi — eijdiiii  cocJu  by  Um  islhor.  W«Tn-CMMn.| 
•bcMmi  Jw    Cpibmoii  id  tii«  Emi.    T>«n  lb*  diais*,  Mlc, 

A  rcw  Hubordinalu  inventions,  bat  such  as  am  of  lonie  trnporiaixw  la 
pnuitical  h^JmuLica  have  been  rowrvod  fur  tbia  chapter,  vit :  dM«t  lead, 
pipus.  valvOM  uhJ  cocks,  water-closets  and  traps. 

Lead  M'uit  prvl'ubty  worktid  before  any  other  mr-ta1.  lu  ores  afaoMii 
in  most  eumitnL's,  and  fn-quenUy  reach  to  tbe  lurfaoe  ;  tbey  ar«  saMly 
reduced  ;  the  motal  fuses  at  a  low  tcrnporaluru  ;  it  is  soft  and  «xc««difii;W 
plastic.  Lead  is  nionttoiied  as  cuiiimou  at  thv  time  of  tlie  Etodiu.  U 
was  amoii(r  the  spoils  tokt-n  hy  lliu  Israelitea  from  ch«  MiJianiics,  and 
4rticlus  uade  of  it  wore  ordered  to  be  luelteJ  up.  The  Plicniciana  ■>• 
ponod  tin  and  lead  from  Britain.  Both  ar«  enumerated  in  the  graphii] 
account  of  the  commeree  of  Tyr«,  in  thi*  27th  chapter  of  Esukiel-  Tl» 
Romans  worked  lead  mines  In  France.  Spain  and  Britain  ;  Flmy  mti. 
those  in  the  former  countries  were  deep  and  ilie  metal  procured  wiUi 
difliculty ;  but  in  Britain  it  was  abundant,  and  "  runneth  ebb  in  the  nppM^ 
most  eost  of  the  ground."  Several  Roman  mining  tools  and  pigs  of  inJ 
have  been  found  m  Bnglauil.  In  1741,  two  pigs  were  dug  op  id  York- 
shire. Their  form  was  similar  to  that  in  which  the  Missouri  fe«d  is  cwt, 
but  nrnre  than  twice  the  weight.  Bach  weighed  150  lb.  and  was  insnr 
in  raised  letters  with  the  name  of  the  reigning  emperor,  Doniitian.^-{Pli 
Trans.  Abrid.  ix,  420.) 

Tbe  uses  to  which  lead  was  put  by  the  ancients  wore  much  th»  same  • 
at  present.     The  fishermen  of  Egypt  sunk  iheir  nets  with  it  juu  as  nu 
do.    A  portion  of  a  net  with  "  nnkers"  attached  is  preserved  in  iho  B«r 
Museum.     Leaden  statues  are  ancient.     There  was  one  nf  Mamarins 
Rome.     They  probably  preceded  those  of  beoose,  and   iierhaps  (ot 
part  of  the  spoil  of  \W  M^^Wn\tiea  tneiTvUCin^A  Wbnxc     Ttie  Rnnisna 

ieadea  coffioa ;  a  devvce  adopuei  mor«  w  \*a*w%  *\\  »v*"   ^>««^^ V»ft«. 


CIt&p.  9.J      SoUff^lKodtM  Roof* — hntiUitm  of  RittUd  Lead. 
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eofliiM  (obacrvAa  Fo«brokij)  occur  iti  the  Anglo-Saxon  era,  net  maJe  nf 
plain  \vA,  but  ioIJt-i)  in  a  very  curious  aix]  banilaoroe  toanner.  For  tbe 
modi^  of  makio};  colhna  and  their  singular  forms,  consult  L'Arl  Ju  Plum* 
bier,  ArlA  ot  Moherea,  tome  xtii,  a  NcucKalcl,  I7bl.* 

The  an  ol'  cBsting  load  into  fii>ecta  on  beds  of  aarxl,  aa  now  practiaed  bjr 
nlumltert,  i*  of  immease  antiquity.  Th«  terraces  of  Ne-bucbadnt^xzur's 
naii^ing  gtrdrna  wei'e  covered  with  »bi*<-l»  of  lesd  Mildcreii  lofftrth^r,  to 
main  tnoiature  in  the  boiI.  Tht^  i.'om|Mi«itton  of  oncicut  Holdt<r  lor  lew), 
wc  know  from  Pliny,  wms  tli«  wmu  an  ours,  li  is  uncerisin  wbf^ttier  the 
an  of  iitiitine  lead  by  "  burning."  that  m,  hy  fusing  two  edges  togutlier 
(without  solder)  was  known,  rtiny  wiys,  "  two  pieoen  of  lead  i:anuot 
prwsibly  be  soljored  without  tin  g)us<."  Either  uiurulore  the  aitcients 
bad  not  the  art  of  "burning"  pieout  of  t^ad  together,  or  Pliny  was  not 
a  warn  of  it. 

Tablou  of  lead  wer«  anciently  used  to  write  on.  Jub  alludes  to  them. 
Bonks  eompnacd  of  k'sdi-n  leaves  are  figured  by  Monlfnucon.  To  such 
tablrts,  wd  priwunHi.  Pliny  rt^fers,  whrn  \m-  siivaks  of  load  "  driven  with 
the  hxinnirr  into  ihin  plains  and  Icavea."— ^Nal,  Hist,  xxxiv,  17.) 

Tho  empUiyninnt  ot  shvatt  lead  aa  a  covering  for  rot>fB  oacenda  to  the 
oarlicst  agne  in  ibc  Esst.  It  i«  slill  ttxlrnstvely  iivrd  tbun>.  Tavemier. 
in  api-akinx  of  tb*!  in("mu*'s  Ul  Alrppo.  says  thnr  domrs  were  covered 
with  li-ail,  snd  no  was  tins  ruof  of  ibf  gn-at  ball  i>f  tHo  Divan  at  Constanti- 
nople. Htr  m«>nlions  an  inn  ur  ciiravatuwry,  the  roof  of  which  was  coveivd 
With  ibrt  MiiiKf  intetal.  H*-nry  Bli'UnL,  who  tntvelni  In  Kgypl  and  Tiirkoy 
in  l(>il4,  found  llie  roiifaof  lliif  ini»<iueaand  M^rnglifis  at  Adnanrtiilu  ctiverfd 
with  lead.  CounI  CmvIus  n)fiitii>ns  ancient  shi-et  It-ad  half  a  lin«  thick 
taken  from  the  inner  dome  of  the  Pantluion.  4rr«?gi)ry  nf  Tount  ilencrihes 
at)  old  ti'rnple  of  titt^  Gauls,  which  was  extant  in  iho  time  of  the  Emperor 
Valerian,  and  had  a  leaden  roof.  ^Montfauc  Supp.)  PauIinitK  built  a 
church  at  Catarick,  Gni;.  wliirh  was  burnt  by  the  Pagans ;  litt  huill  another 
of  wood,  which  wait  the  mutlwr  church  uf  Itnlntli  Chrislianily,  "  and  en- 
closed the  whole  buildina  with  a  covering  of  lead."  The  churches  and 
castles  of  Kurope  in  the  middle  ages  were  almost  uniliirmly  covered  with 
this  metal.  In  a  statute  passed  in  the  founh  veRr  of  Edwanl  1.  of  Eng- 
land, (A.  D.  1276,)  to  asccrt&tu  l)>c  value  of  real  estate,  commissionera 
were  appointed  to  visit  "  castles,  and  also  other  buildings  enmpftsaed  about 
with  ditches  [to  dolcrminc]  what  the  walls,  buildings,  timber,  atone,  Uad, 
ftod  other  tnanner  of  covering  is  worth." — (Statutes  at  large.) 

Leaden  seals  on  woolen  cloth  were  used  <n  Henry  IV.'s  retgn. 

It  is  uncertain  whetlier  the  ancients  were  acquainted  itnth  the  process 
of  forming  lead  into  sheets  by  passing  it  between  rollers.  If  they  were, 
the  art,  like  tnany  others,  became  lost,  and  was  not  revived  till  the  17tb 
century.  A  close  examination  of  apecimetta  of  ancient  sheet  lead  might 
determine  the  question. 

Rolling  or  "  milling"  of  lead  was  invented  by  Mr.  Thos,  Halo,  in  1670, 
about  which  time  the  first  mill  was  erert«'d  at  Deptfnrd.  The  inventor 
met  with  violent  oppositinn  from  shipwrights,  iMtrnuse  the  lead,  fnim  its 
•mooth  suHsce,  uniformity  of  tbicknras.  and  low  pri<:e,  began  to  l>e  gene* 
rnlly  adopted  for  sheathing  veeseU,  in  place  of  thn  nid  wiKtden  and  leather 
•heathiog.     And  as  it  wsa  aied  «I»o  for  gutter*  and  ruols  of  faouvea,  "  the 

.  r.  v<7ara  a^  iron  ooffias  wen  iavodueed  bi  Cttglaid  and  saoerMl  by 

p^  rfl  not  ihsB  bjr  suv  mesAK  a  nrw  thin^  uiMlar  (ha  sun :  far  tha  Par- 

•p..  .,1  •  bun«d  iticirdas^  ui  thrm      '  l^e-  Klftlsuas  adotent  le  ftu  eeouDs 

«nf  iiiT.itiii-,  rDRoilr-rnitt  Ic  t<ni*  ihiiiiiim'  <ui  i'innct« ;  4'iiii  il  virni  c|a'ib  M  meHaol  pas 
tsars  ninfii  Aam*  In  Micaaila  tie  faoM.  matt  dtftT"—{C.  Antiquair*,  iii.  646.) 
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plumber*  wer«  u  induMrious  «•  the  eliipwrighbi  tu  Atnary  tl>a  leka] ;"  bat 
finding  ilieir  oppos'ilion  in  a  great  meaflure  frutlleaa,  "  loine  of  them  now 
be){an  tu  cry  it  up,  atid  kave  set  up  engine*  to  mill  it  iWoKwlveft." — 
(Collier's  Dill.  Art.  Englaixl.) 

A  pap«r  ill  the  Phil.   rraiiMccions,  1674,  «rn>niGouil;  attribuloa  ibe  ti>- 
vontioD  to  Sir  PhlHp  Howard  and  Mnjor  Wataon.     Theso  gpiidomen  w«?i* 
asuKiatfd    with   HaIa   in   the   patent,   and    m<.>re)7  contnlJuirU   their 
fluenoe  m  iMroduce  rhc  nt-.v  nianiiractiir(>,  especially  to  sheathe  the 
lie  ships.     (Abrid.  i.  596.)     The  large   thtp   built  bj   ArcbimedM 
•healhcd  \v*ith  lirad. 

Pipui  ffir  the  convejance  of  water  hare  been  nude  of  eartheo 
stone,  wood  and  k-ather,  but  mare  Runcrally  nflead  and  copper. 
ftipeM  oxiuiid  back  to  i)m  dawn  of  htstory.  They  were  more  or  lew  oooK 
uiOD  in  all  the  celebrated  nations  of  old.  In  the  old  cirica  of  Alia,  Bgypl. 
Gniucu,  Syria,  &c.  they  wore  employed  to  convey  water  wherever  um 
presaure  waa  Lou  great  to  bu  ausiainvd  by  those  of  earthenwnre;,  TIh 
same  practice  ii  atJll  followed  :  thus  in  Aleppo,  both  leaden  pipes,  and 
thotto  of  stoneware  &n)  tueil,  and  in  all  probubilily  Juai  a^  they  were  when 
thii  city  wu  known  to  the  Gnn^ks  aa  BeruM,  and  to  ihe  Jews  in  David's 
time  lu  Zobah.  Archimedes  used  pipes  of  lead,  to  di^jtribate  water 
by  engines  in  the  large  ship  built  for  Hiero ;  and  the  same  kind  vera 
doubtless  employed  in  conveying  water  to  tlio  dilTervni  tcrrseea  of  tha 
famous  gardens  of  Babylon.  Tne  great  elevadon  lu  which  the  fluid  wu 
raised  would  render  earthenware  or  wooden  pipes  enlirely  inapplicable. 

We  have  no  information  respecting  the  mode  of  making  leaden  pipe* 
previous  to  the  Roman  era ;  but  aa  that  people  adopted  ibe  vnt  and  d 
toms  of  older  nations,  wo  may  be  assured  that  their  tubes,  *a  well  aa 
pumps  and  other  enginee,  were  mere  copiea  of  iho«e  made  by  the  pliui 
of  Babvlon  and  Athene,  ^g^P^  ^^d  Tyre.  All  ancient  pipes  yet  _ 
covored  are  .laiil  to  have  been  made  from  sheet  lead  ;  vis  :  atripd  of  lu! 
cieni  width  folded  inr.n  lubes  and  iho  edge«  united  by  *oIder.  Wc  Imhi 
from  V'llriiviu.i  that  Roman  plumbers  generally  made  lliem  Ju  im  fiwi 
lengths,  the  ihicline^<i  of  the  mouil  being  proportioned  to  their  bore,  aceord- 
tng  In  a  rule  which  he  gives  in  Ikmik  viii,  cap.  7.  of  biit  A rcLtlectitre. 
Large  quantities  of  Unman  leadon  pipeH  have  heon  found  in  diffL-reni  pam 
of  Europe,  varving  in  their  bore  from  one  to  twelve  inches.  Some  e£ 
them  are  very  irregularly  formed,  their  section  being  rather  egg-ahaped 
than  circular.  Alonifaucon  has  engraved  several  spocimetiK.  On  larsv  i>De4 
belonging  to  the  public,  the  name  of  the  consul  under  whom  they  wer<^ 
laid  was  cast  upon  them.  Others  that  supplied  the  baths  of  wealtnv  indi- 
viduals have  tho  owners'  names;  and  sometimes  tba  maker'a  name  wu 
oast  on  tbem.  Of  small  leaden  pipes,  Fronttous  meniions  13,59-1  of  iim 
inch  biiro  that  drew  water  irum  one  of  the  aqueducts;.  Pompeii  Wks  but 
a  small  provincial  town,  of  which  not  more  than  ono-ihird  h«a  baiin  crx- 
piored,  and  yel  a  great  many  tons  of  pipes  have  been  Inund.  The  oa»- 
sumption  o^  lead  for  pipes  must  have  Ih^u  enormous  in  old  Rome,  not 
only  from  their  great  number,  but  on  account  of  ihs  large  dimeMlona  of 
ihu  principal  ones.  Pliny  might  well  observe.  "  Lead  ia  moeJi  awd  witk 
ut  ^>r  shueu  to  make  con<tuit  pipes." — (xxiuv,  cap.  17.) 

An  ordinance  of  Juiuniaii  respecting  a  bagnio  uroctod  at  Constanunopla 
by  one  of  the  dignitaries  of  the  empire  is  extant:  "  Our  imperial  will  and 

Eleasure  is,  that  the  Iwdfm  pipe*  conducting  the  water  to  the  Arhillaan 
agnio,  contrived  by  your  wiiidom.  and  purchas'-'d  by  roar  mnnifionnik 
be  under  ibe  same  regulations  an<l  matw.^em4*nt  as  have  boen  appobMa 
in  the  like  cases ;  ana  t.\ia\  the  wA  \nye»  *VA\  oi^'j  v»y'?''3  «w^  «*«?«« 
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umI  nymphna  *s  you  shall  think  fit,"  Ace  Conttantinopte  hu  for  ^rta 
heca  supplitMJ  wiih  water  ibruugli  letulen  pipes.  The  Suu-temei  or  water 
tow^n,  afi>  mere  contriviuiee*  to  fiieiliuto  ute  aRcciii  and  descent  of  the 
Buid  ttiroutj;^  pip^B. 

Ltfttil'.-n  pipe<  have  been  unintcrruplodly  employed  in  Bomo  or  other  of 
GurofM-aii  tiiUva  since  (he  fall  of  ihi-  t-mpin^.  In  llio  middle  of  the  mutti 
Ofntury  w«tor  wm.9  conveyed  by  them  tu  supply  Cordorva,  in  Spftin,  under 
tbfl  Caliph  Abdul  rail  man  II.  who  kIm  caused  rhai  city  to  be  Mved.  This 
»  the  ohl(?«t  puvrrncnt  on  record  in  modern  cities,  fionjamin  of  Tudela, 
who  vi:)iii-d  [>«mA«cus  in  the  I2th  century,  s»y«.  the  river  Phar/ntr  (bco 
2  Kin^f,  ch«p.  V,)  slideth  bv  and  waterrih  xhtf  g«rden«  ;  "  but  A&ana  is 
mnre  familiar  and  ontereth  the  citie,  yen,  by  heipe  of  ftrt  in  conduits  [pip4^] 
visiteth  iheir  pnrnie  houiw»." — (Purchft.i'  Pitgrim.) 

The  anejeni  inhaliitanu  of  the  inland  Aradn^  infenioosly  ohiained  fresh 
water  from  the  bottom  of  the  »Ra.  They  sunk  down  over  the  sprins^  a 
luge  hell  of  lead,  to  the  upper  part  of  which  was  attached  a  pipe  of  leather 
thai  conveyed  tlie  fluid  to  the  surface.. — (Pliny,  v,  31.) 

Some  ot  the  Roman  earthenware  pipe»  were  maile  to  screw  into  each 
ddier.  Old  leaden  pipes  laid,  A.  D.  1S3G,  to  supply  London,  ore  nien- 
liancd  at  page  Tt9i.  Must  modern  pipes  of  large  bore  are  now  made 
of  cast  iron.  The  hirgest  sizes  now  laying  to  supply  diia  city,  are  nine 
feet  in  li^ngtb,  throe  feet  inlerno)  diameter,  and  weigh  from  350(1  to  3800 
pounds. 

The  firal  improvement  on  the  ancient  mode  of  makiiiK  leaden  pipes  was 
naturL^d  in  llngiand  in  I'i39.  It  consisted  in  atiling  ihem  cnmpleic  in 
short  lengths,  in  molds  placed  in  a  perpendicular  position.  After  a  number 
wer«  cast,  they  were  nnited  to  each  other  in  a  separate  mold,  by  pouring 
hoi  motnl  over  the  ends  until  ihey  run  logrther.  The  device  for  "  bum* 
inje"  or  melting  the  ends  was  exceedingly  ingenious,  and  such  pipes  aro 
soil  made  to  some  extent  in  Europe.  In  the  30th  year  of  Henry  VIII. 
(obaervfts  Bakfir  in  his  Chronicles  of  tlie  Rings  of  England.)  "  the  manner 
of  caning  pipes  of  lead  for  conveyance  of  water  tinder  ground  withoul 
ntanz  of  soder,  was  firw  invented  by  lloben  Brocke,  clerk,  one  of  [ho 
king's  chaptoini,  a  profitable  invention ;  for  by  iliis,  two  men  and  a  boy 
will  do  more  in  one  day,  then  could  hnve  been  done  before  by  many  mftn 
in  many  days.  Rnlieri  Cooper,  (Toldsmith,  was  the  first  that  made  the 
insinimcnis  and  put  thin  inveniion  in  practice." — (EdiL  of  I66ii,  p.  317.) 

Five  yenr<  afterwards,  Kalnh  Hage  and  Feter  Rawde  made  the  firvt 
artirlfTs  of  fiiJl  iron  in  GnglanJ. — (Ibid.) 

In  the  reiffn  of  Henry  IV.  of  Prance,  a  native  of  St,  Germain,  devised 
another  mode  of  ciuting  pipes  and  burtung  them  togetbcr.  The  mold  waa 
used  in  a  horizontal  position,  and  the  metal  poured  in  at  one  end.  When 
a  pipe  wtift  c-ifit,  it  was  not  drawn  entirely  out  of  (lt«  mold,  but  one  or  two 
inohes  were  left  near  the  spout  where  the  mctat  entered,  so  thai  when 
uuther  length  was  cast,  the  hot  melal  runnin?  over  the  end  of  the  pre- 
vious pi|>e  (used  it,  and  both  became  as  one.  The  lube  was  then  drawn 
nearlv  out  and  another  one  cost  and  united  to  it  in  like  manner,  and  so 
on  till  any  required  length  was  atuinod.— {Sec  Plancbo,  vii.  I.' Art  du 
Florabicr  in  Arts  <.-t  Mt-ireres.) 

5lome(imcs  pipos  furmod  of  sheet  lead  have  ihcir  seams  united  by 
"banting."  A.  strip  of  [>a.Meboard  is  packed  against  the  inside  of  tho 
ftanm,  and  the  tube  (if  smnll)  filled  with  mtnA  ;  the  ed^es  are  then  melted 
villi  a  rioldering  iron,  and  the  deficiency  made  up  with  a  Iwr  of  lead,  in 
tliesame  way  ns  when  a  bar  of  iinlder  is  uAed.  The  old  mode  of  burning 
tkef)<  seams  wuby  pouring^  hot  lead  upon  them,  and  geoerally  a  projec- 
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tion  of  metal   wu   left  aXan^  the  wetm.     Tlio  anoiant  pipat  fipiml  bj 
Uontfaucofi  haw  &  nimilar  pnijection. 

The  pUn  t^f  drmwing  liiHileii  pipe*  througli  «1>m  like  hoUow  wir*  m* 
Km  propn»«il  liy  M-  Dal«itme,  in  tha  T rati wicti una  of  llio  Fnneb  Aoi«f 
l>r  Scieoctis.  in  I70>^-     It  wa>iiutiM?t]uently  bmuglit  furwanl  by  M.  Fc, 
in  1.7^;  but  il  wm  ciot  till  17'J0  tbnl  luch  pipe*  were  made,    lu  ibkt  y 
Mr.  Wilkinson,  tli«  oel«tir*i«Nl  English  iron  ma«ter,  took  out  a  patent 
drawing  tJi«m,  since  wUich  period  ibey  have  become  general  to  EngLuiii, 
France,  and  the  U.  States.-— (See  Rejwr.  of  Arta,  Ut  serie*.  vol.  xty) 

In  lb'20,  a  sinffular  mode  of  making  losdoa  pipe*  w%»  patents)  in  £ 
land  by  Mr.  T.  Burr.  A  large  nnd  very  strong  oast  iron  cj^linder,  in  whji 
a  metallic  pictoa  ia  made  to  work,  is  •ecured  in  a  vertical  poailicM. 
the  undersidi-*  of  tho  piston  a  strong  iron  rod  is  fixed,  its  lowor  end 
cut  into  K  acrow  or  formed  into  a  rack  for  the  conveDteooA  of  fordag 
(Hston  up,  either  by  means  of  u  steam  en^nr  or  any  mher  suitable  filM 
mover.  To  the  upper  side  of  tbe  piston  i*  securrd  a  polished  cylisdnad 
rod,  rather  loneer  than  the  cylinder,  and  of  the  same  diameter  U  th«  ban 
of  the  pipe.  The  cylinder  forms  a  mold  in  whi«h  the  {ripe  is  fim  cut, 
and  this  rod  is  the  core.  The  bottom  of  the  cylinder  may  h«  open;  bat 
the  tup  is  strongly  closed,  witli  iho  exception  of  •  circular  and  pAliaiMd 
opening  at  the  centre,  of  a  sise  equal  to  the  externa]  diomeier  of  IM  pOHu 
Suppose  tJic  uifton  now  drawn  down  u\  near  the  bottom  of  tbo  ayliaaiir, 
the  upper  end  of  the  polished  rod  will  stand  n  little  abore  clw  oireulir 
opetiing,  and  an  annular  space  will  be  left  between  liwcQ  equal  to  tlw 
required  thickness  of  tbe  tube.  The  cylinder  ia  then  to  be  filled  with 
fused  lead  through  an  openiikg  at  the  top,  (which  is  to  be  stonped  up  hy 
•  acrew-plug  or  any  other  device,)  and  as  toon  bm  the  inetaJ  begins  u 
assume  tne  solid  slate,  the  piston  \t  slowly  raistK)  ;  this  aecwtaanly  furca^H 
tJie  Itjad  through  the  annular  space  in  the  form  of  a  tube,  which  ts  lbd^| 
wound  on  a  reel  as  fast  as  formed- 

Vanous  cylmdt^Ts  are  turoployed  according  to  tho  different  sized  tuhsa. 
For  half  inch  pi|w,  one  18  inches  long,  six  or  seven  inches  internal  diame- 
ter, and  thr  sides  threo-  or  four  inches  thick  would  be  re<|uired.  Plates 
with  opvningn  o(  diflerctit  sise*  may  be  adapted  to  one  cylinder.  TbsjT 
may  iw  made  lr>  altdt!  in  rtNWXM'N  cast  in  the  top. 

This  mode  of  forming  It^nden  ttilfea  is  the  same  in  principle  as  that  by 
which  some  of  eartbvnwan-  hnvi!  he«n  made  :  the  clay  lieing   put  into  a 
atiuare  and   close   tninic,  is   forced   by  a   p)»U>n  ihrough   an  annular  space, 
edapled   to  the   thickneiu  and  Imrc  «f  lh«i  tulies  mjuired       Al   firat  sigli^^ 
the  proceaa  appears  difHculL      It  also  seems  strange  tluit  so/tW  le^  '^'^1 
thus  be  Kjueexed  through  an  aperliim  into  the  form  of  a  tube ;  but  it  ahmil^' 
be  fememliereil  that  ihts  metal  is  e-xtremely  soft  when  heated  to  near  the 
fusiing   point;  and  t}iat  the  mode  only  diflers  from  that  o(  making  clay 
pipea  in  requiring  a  greater  force.     Tubes  made  in  this  way  are  in  general 
more  solid  than  others.    This  ariaes  from  the  largo  body  of  metal  of  whieb 
they  are  formed  Wing  poureil  while  very  hot  into  the  cylinder,  so  ihM 
there  is  little  danger  of  flawa  or  fiMures.     These  ptpea  tttar  also  be  made 
iu  much  greater  lengths  rhan  by  anv  other  plan.     A  manulaetDry  of  lhe« 
has  recently  been  eAtabliahed  in  Pnlladelpnia. — (See  Repertory  of  Arts, 
for  isao.  vol.  xli,  p.  967.) 

From  ihe  quantities  of  pipes  used  of  old,  it  appears  sin^tlnr  that  tbe 
art  of  drawing  them  was  DM  discovered,  especially  aa  the  1\re.Plaml*  at 
glazier's  vise  for  drawing  "  window  lead"  ia  of  ancient  date  ■  a  moM  beBtt> 
ufu)  machine,  and  one  far  more  tn^i^iiMoua  and  inti'resting  than  the  dra' 
bench  ;  one  too  by  wWtcK  \ead  Va  •«otV»4.  «i  %  ivxv^  «^«n«<^wn>\Mn 
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didiouli  forms,  And  cnah  w  require  the  metal  of  dificrant  ihickiMAs  in  the 
Mine  pieco." — -{Ste  1,'Art  du  Viirier,  pi.  v,  Arw  ct  Mifiwroa.) 

It  hofl  bug  ImoH  liiuiwn  ihiii  wwer  ci)iiv«'i»«d  through  leaden  pipes  bo- 
eoities  mure  or  U'sa  imun'giMUtti  wiih  n  poiiioiiriu.i  Roliiiinn  of  that  moutl; 
n  fact  el'  which  the  uncteiiiB  wen>  ful)^'  uwafl-,  ami  wiiich  mnde  tlifm  very 
serupuluQii  in  using  it  tor  |iurrir>!H>a  of  domf^ntic  ecnnomy.  Hippocroti^s 
v)d  (lalpti  donounred  iu  Rmployment  Ixilh  for  cixt^rna  to  contain,  and 
tobcs  Uirough  which  to  condurt  water.  Ancient  urchiiprtA  were  of  the  wme 
opioinn  :  lliiia  V'itravius  observes,  thai  water  dmwn  fr>im  leaden  tuh«>s  U 
very  iwmiciou*.  and  adds,  "  we  should  not,  therefore,  conduct  water  in 
pines  (if  lead  if  we  would  have  it  wholesntne."  Thf  Medicnt  Tranauctions 
of  modern  limos.  and  works  on  mineral  poisons  ahound  with  example-a  of 
rhi-  fau)  uffccla  of  drinking  water  frum  fpstTvoir*  and  pipes  of  this  metaL 

Several  modu-B  have  been  deviatd  to  render  leaden  pipes  innoxious.  In 
1604,  an  English  jmleni  was  nhtaioed  for  coating  their  tnlerinr  surfaces 
with  tin.  Tais  was  vflcmL'd  in  iho  following  manner  : — Suppose  a  work- 
raait  etignged  in  making  lulics  of  half  an  inch  hore  ;  ho  tirsl  pour«  lead  into 
an  iron  m<ild  and  forms  a  pipe  two  feel  long,  an  inch  (hick,  and  nearly  an 
inch  in  the  horr :  as  soon  as  (he  load  poured  in  becomes  solid,  he  vviih- 
draws  [he  slecl  mandril  which  formed  the  interior  of  the  tube,  throws  in 
a  liulc  roein  dust,  and  inserts  a  half  inch  mandril,  between  w  hich  and  the 
ioBide  of  the  tube  a  certain  space  is  h'fL  Into  this  space  he  (hen  pours 
netted  tin,  which  as  it  collects  below,  causes  the  rosin  to  float  on  iia  sur- 
face, as  it  rises  to  the  top,  and  lubricates  the  hot  aides  of  the  leaden  tube. 
Both  metals  tltus  become  united,  and  when  the  tin  becomes  aolid  the  man- 
dril is  takt^n  out ;  and  the  tube,  thus  plated  with  tin,  is  pa«»nd  in  the  draw- 
bench,  and  drawn  out  in  the  retjuirea  length  like  an  ordinary  leaden  tulw. 
'n>ere  is  some  diHirtiUy  iti  malcii^  the  tin  unite  uniformly  to  tlie  lead,  and 
when  this  does  not  take  place  the  nipe-s  arc  apt  lo  be  broken  in  drawing ; 
lor  as  ihe  two  metaU  do  nni  sireu^n  erjually,  (he  ihhi  lining  of  tin  is  pulled 
»pon  ;  and  if  the  Ittad  does  nni  separate  at  the  aame  place,  iia  auruoe  is 
exposed,  and  the  strength  of  the  tube  greatly  ditniniahed  at  such  plaeca. — 
(Repertury  of  Art«,  2d  »erie«,  vol.  v.) 

Ill  I8S0  another  Gneliith  patent  wu  iKiwd  for  a  similar  plan,  the  dtf- 
ft>ren<-4>  consi^iting  chiefly  in  n  mode  of  better  securing  the  union  of  the  tin 
with  the  lead. — Jbid.  vol.  xxxviil. 

In  1832,  ihfl  author  nf  this  volume  took  nut  a  patent  for  coating  leaden 
pipea  with  tin,  by  pa.sMng  them,  after  l>eing  drawn  and  oIher^viB^•  finished, 
through  a  Imth  of  the  fluid  nieiul.  As  there  i»  a  diflereiiee  in  i)ie  fusing 
point*  id'  tin  nnd  lead  of  about  20H^  Fahrenheit,  there  is  iio  difficulty  in  the 
pmc.f**.  Ry  this  plan  tul>en  are  efl*eclually  tinned  both  inside  atid  out,  and 
any  imperfections  or  fiuurea  are  soldered  up.  The  operation  is  exceed- 
ingly simple  and  the  expense  trifling.  The  procesa  is  patented  in  England, 
where  the  tubes  are,  we  believe,  more  extensively  used  than  in  this  coun- 
try^^See  Journal  of  the  Franklin  Insututc  for  November,  183S,  aod 
Ihhv,  183.5.) 

Valvni  and  CneiM  are  tf>o  easential  to  hydrauHc  engines  to  be  omitted 
in  this  work.  The  principle  of  the  *-aIve  has  always  been  in  use  for  a 
Variety  uf  iiurpuaes.  Ooors  are  valve*,  and  were  so  named  by  the  ancients. 
Those  of  tfie  private  apartmetita  of  Juno  were  contrived  by  Vulcan  to  close 
of  li»eni*elvea.     Thus  Homer  sings  : 

*  In  aiM  af  iIm  apannivBi*  af  •  vill«  at  Poui[i«ii,  th«r«  wm  ■  l«Tg«  |las«d  l>ow-wia> 
dow.  Tht>  pkOTWuthKiii,  liaradwitb  gntao.  aail "  sM  inicwflikaaniMlerncascawnL" 
— (Hrv  l:iic,c.  .Aniiii   [<p.  57.  3U^  ) 
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Tfluebcd  wtUi  the  McrM  bcf.  tbo  Anan  wifotd : 
8«lf-cla*iid  baiitnil  bet  ahul  Iha  *oI*m  ofgvU.* 
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It  U  prnhaHle  thai  all  valves  wore  originally  In  dio  form  of  \\aon ;  that 
M,  tnfriPi  HnpA  or  clacks  moving  on  a  hin^i',  and  oithirr  la-yine  horiiontally 
tik«  «  trapdoor,  inclined  liku  Mmu  uf  our  cvllar  donrs.  oiMtmng  v^'ftiallY 
AS  nn  nrninar^  door,  or  auspcimlcd  by  hinges  from  ihtr  upper  r-lir**:  '•nrf 
sometimes  th«y  consiMtcd  of  two  loaves  liki*  fulilini;  door*.      K-  '' 

all  lhe44.>  arc  atill  ciimtnon.    liiH  wa«  reprvMtnt(.tl  by  thi<  ancient    .  <  i 

with  "  \\\K  kuy  ofthu  «Iuicei  of  tho  Nile"  in  littr  band  ;  tiio UulrtiSHttit  by 
which  thfi  doiirs  or  valveti,  like  thtt  lockn  in  our  canals  were  opeoeit  aad 
dofted. 

Tha  rau»t  ancient  musical  %'ind  tnotrunienU  known  in  the  Euum  world 
nre  provided  wiOi  valv(>s.  a«  tli«  primitive  bag-pipes,  ojid  die  'Chiimw 
variation  of  tiiis  invtrumeut.  wiiicli  Toreen  described  aa  conmtiii(>  uf  "  a 
bcmiophere  to  wliicti  ihineen  or  fourteen  pipes  are  applied,  and  catcliing 
the  Btr  blown  into  it  by  values."     Tbo   pastoral  fluie  uf  Pan.  (Vvoi   04 


expressing  iliirty-lwo  parts,  he  suppows  to  have  been  of  a  similar  eon* 
Hruction.  (Osbock's  Voya^.  ii.  24S.)  VbJvqb  were  of  course  empluyed 
in  tJie  orc^ans  of  Jnbal,  us  well  as  in  (he  bellows  belonging  to  his  celelitWed 
brother  and  other  antediluvimt  blacksmiths.  The  ninlli  problem  of  Um 
Spititalia  relates  to  valves.  Conical  meiallic  valves  were  used  by  Ctcat- 
bius  in  (he  construction  of  clepsydne.  In  most  of  the  old  repreeentalwM 
of  pumjis,  flaps  of  luather,  luadud  and  stiffV-rard  witli  pieces  of  woud  Of 
lead  are  fi)^ured.  AgricoU  hut  given  figtirrs  uf  no  other.  These  r/acb, 
u  they  are  named,  are  in  most  ca«e4  preferable  tn  iho  most  jx-rfect  sphMl* 
oal  or  conical  valves  of  metAl ;  th«  smallest  particle  nrsniidadhtiringdnltese 
makes  them  Inak  :  besides  which,  they  an)  liable  to  stick.  We  have  kmi\ 
them  n;pluced  wilh  t:ommiiii  clacks.  Amontons,  in  expenmi-niing  trk 
a  fnroing  pump,  foun<l  the  valves,  which  were  of  highly  polished 
and  well  Rtted.  ailhere  so  strongly  In  their  wals,  that  he  had  to  sal 
leather  clacks  for  them. 

The  spindle  valve,  or  such  as  have  a  long  shank  lu  prevent  their 
too  high,  and  guiding  them  when  descending,  is  said  la  be  uf  Fnmi 
origin. 

We  have  sometimes  used  a  simple  valve  on  the  lower  box  of  a  pump. 
It  consi-ited  nf  a  short  pipe  of  thin  and  very  soft  leBlhi>r  secured  to  tne 
upper  side  of  the  box.  When  the  sucker  was  raised,  the  water  rushed 
through  this  pipe*  and  when  tliv  airoke  ceased,  it  was  instanlly  collapsed 
fay  the  pressure  of  the  fluid  above  it,  and  then  fell  down  on  one  stde  of 
the  box. 

CoAt  are  a  species  uf  valve,  but  not  self-acting  like  the  latter  Ta 
psmps  and  bellows  the  momentum  of  the  entering  fluids  upeM  the  valve*. 

■  DooTvapunadnndelMwilby  fwrniinaehiirar)' mrvftuiMrljatitrh  rnrams  H*raa 
toads  those  ofi  ismplo  ihiH  lo  Ht.  Vknivins  speaks  of  daart  Hist  dowjbv  i1m>iim*I(«. 
(aad  whan  opi'Bi>d.  r«M  mitBcii^mly  liich  to  cU-ar  iha  earp«t)  In  ilw  nkl  cii»*  of  r.«-_ 
ra|M).  iho  gnlr^  n«rr  moved  by  ci>nc«aled  mM^ianimi  in  pnvent  u  *(ut>riK.  Umiw 
AnKi4>iirf|  wrre  faimiua.  A  'inKlc  perMtn  onlr  coolH  otilBi  ai  ■  iitna,  aiid  Iw  wna  incli 
twIw^M)  iwn  gatsa  till  thBobjKCl  of  liivviail  <*«•  ai«4>r(ain«d.  A*  •ooa  wm  liesnnfMa 
ill*  Cm  one,  ii  Bp«n»d  of  itMlP.  hs  vnvt^.  •■  »aA  it  dosed  up«B  his  bMls."  Oa  n 
iag  ihs  svcoihI  it  acted  in  lik*  namisr  Diirioff  ilisw  D|i«niiian«,  iIm  VRlior  mm  i 
Mnon,  tlUionirh  h«  wu  etposed  lo  Ihv  •emiinj  nrolficpn  wMiln.  TIm  mifirtraS^  af 
nursmbarc,  Af*\r\nt  to  have  s  <ilii  of  ihs  lam*  hiiMl  for  the  •vrantt  of  Ifwtr  mtf  ma± 
aaiD«  cniliiwifr*  in  tshn  a  BkxIp)  ;  bnl  sflri'  •rvrrnt  (riBininatiiiti*.  itw  .! 

■nd  rafwrtvd  "th«l  wilhuul  pulliiu  down  (bn  wnlU,  anil  itl  iln>  iii*u> 

Uie  pofft  of  JTwhifcafc  kirnulC  lo  bad  i»n\  Vtaoi  Vv  wu  tLO«Ui-'«4.  uv  v^.     .. 

M  a  UmnmbihI  jaan."— <B>a^^l•l^W•^Ia^•W,  *,«*».1 
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ihcir  own  wtfi^it  Mrvos  to  cluw  iham  ;  but  in  ordititry  cocka,  the 
1^  mii^i  be  luroL'tl  by  artmc  excernil  fnrcv.  Cock«of  wuoil,  brans,  and 
jnr  nieinlg,  anj  insdu  oii  thp  iiniicipl<^  uf  Ummu  ikiw  m  uto  arc  vxlremely 
eieot.  There  m  reason  u>  ^wlicve  that  aucioul  modiricatiom  bt>Ui  of  valvs 
plug  c^>cks  wore  tjuitc  u  iiuiucrous  aa  moi]«rii  one«.  Ii  is  cvriain 
tbi>  Urvoks,  Rnmans  (and  mosl  probably  llie  Babytunians  iiid  Kgyp- 
i%  a[M>)  tiad  far  richer  HpeuinwiM  of  tht'M!  iiiMriimerits.  bulb  a«  rc^rds 
miucrial  and  workmanship  than  uny  thing  M'lUe  kind  in  inudt^m  day«. 
Torns  A|K»lIo,  or  H'trtimllo.  an  Egyptian  of  tin;  fouftb  t-emury,  wrole 
rcM-k  *•  Conwrning  the  Hier(igI_vi>lui:*o)  the  Egyptian^,'  and  hi;  ifirorms 
It  the  firiexts  gavf  tlit*  form  uf  n  lioo  t<>  "the  niouth8a»i(/  *<opt  ^cocki] 
|cDlu<^cratt.'d  riiunuiiis,"  becaunu  the  inundation  of  tlie  Nik*  iicvurn-d 
en  the  huh  was  in  Leo.— ^Encyc.  Ami.  i,  1S5,  note.) 
The  couietitd  of  (hoiw  cuonnouii  metallic  vasea  mentioned  in  hoOt  9«crct] 
And  profane  biatorv,  were  undoubtedly  discharged  through  cocks,  altliough 
lhe»e  are  not  always  indicated  :  aa  (he  lavrr  of  hra»»  made  by  Bezaleoi 
out  of  (be  mirrors  of  the  Iflraelitieh  women  :  (he  brazm  shi  ahio,  which 
was  fnat  by  a  Tyrian  brasa-founder  fiT  Solomon.  This  unrivaled  vajia 
was,  aociinling  (o  Juoephus,  of  an  hemisphorical  form.  It  was  eikleen 
l«t't  in  diamelnr  and  lietween  eight  and  mnc  in  depth  ;  "  on  hand-breadth" 
in  thickness,  and  contained  about  15,000  rallona.  The  brun  was  wrought 
liko  the  brira  nf  a  cup,  with  flowera  of  Hiies  ;  "  and  under  the  brim  of  tt 
round  about,  there  were  knupe  cast  in  two  rows  when  it  woe  cost."  It 
^H  supported  on  a  pedeauu  which  rvsiod  nu  twelve  brazen  eiaiuoa  of 
^Hbo,  fnim  whose  mouth  the  liquid  ie  supposed  to  have  been  drawn, 
^nis  splendid  vessel  waa  rotoored  from  off  the  statues  by  Ahaa — "be 
took  down  ibe  sea  from  oQ'the  brasen  oxen  that  were  under  it.  and  put  it 
Hwin  a  pavement  of  stonea."  It  was  subsoijuently  carried  to  Babylon  by 
Nelxichaditpzzar. 

When  >Sy]la  jitllagcd  the  temple  of  Delphi,  he  found  o  vase  of  silver  so 
Urgtt  uikI  heavy  dial  no  ordinary  carriage  could  support  tL  He  therefore 
hud  it  cut  up.  (Fluiarch  in  Sylla.)  Herodotus,  i,  51,  in  unameraiini^  the 
^fta  of  Cruisus  u>  the  same  temple,  mentions  a  cistern  of  gold,  am)  one 
nfailvnr  of  immense  dimensions,  (perhaps  the  samu  taken  by  f^ylls,)  also 
silver  tanks  and  basins — dtat  ihuae  had  cocka  is  ceriain,  for  he  observes 
that  a  <uuuc  of  a  buy  was  aitached  m  one  uf  them,  and  ihe  water  was 
discharged  through  one  tif  hit  fuinda.  This  shows  how  variegated  were  the 
Rgun-s  and  onKced  of  ancient  cocks.  The  JapaneMi  indulge  a  >imil(U'  tusto, 
and  have  dnubt!oR«  inherited  It  from  their  remold  progmitors.  Some 
of  their  broiixe  idols  are  made  to  serve  nj>  fnuntain;  ,inH  thp  water  isai.cs 
from  the  ^Higfrt  of  snnie,  while  others  hold  n  vn«e  from  which  il  flows,  as 
in  th«*  Ore<-k  tnil  Rum^n  designs  of  Oceanus  and  Ni'plunr,  The  Dutch 
on  first  visiting  the  Japanese  found  the  baths  of  these  [K-ople  9i»ppltrd 
wHlb  cfild  nnd  warm  wntor  hy  rncons  of  pipes  "  anil  eopju'r  corks," — 
{MoDtnnu?'  .Tnpan,  translated  by  Ogilby,  pp.  94.  279.449,Bnd  ThnnlK-rg's 
iTmveU.  iii.  102.) 

^KronKc  or  brass  cocks  were  as  common  in  old  Rome  and  prohnhly  other 

Hnient  riiii^,  ail  they  are  in  any  modem  one.     The  immi'nse  number  of 

nipes  that  conveyed  water  to  the  houses,  baths,  fountains,  fcc.  must  have 

a  ^rvM  numbiT  of  founder*  constantly  at  work  in  making  and   re- 

Hng  them.     We  leam  from  Vilnivius  thst  every  muit  pipe  that  passed 

|>ogn  the  streets,  hsd  a  lorge  roek.  by  which  the  water  was  let  in  or 

liidrd,  and  thai  these  nocks  were  turned  its  similar  ones  now  ar«.  with 

in  kt*y.     .Several  specimens  of  anrient   cocks  are  exiAnt     Among 

k  very  large  on«  discovered   ii>   the   ruins  nf  a   temple   built  by 
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No.  973.    AaciSDl  brauaa  tatk. 


Tiberiat  at  Capri,  wid  preserved  in  the  hluwum  mt  Nftplca.  b  aot  db 
)eut  interKaling.     No.  273  is  a  S^re  of  it.     The  ping  Iim  kwcoioe  by 

time  immoveable,  and  having  been  abot 
whrn  last  uancl,  the  water  within  tt  n 
atill  coDiined.  TbtB  t»  mmiie  evidral. 
for  when  two  men  mis*  the  aick.  lb* 
tploahing  sound  of  ihr  fiuid  ia  dijtiactljr 
hi^iu'd. 

Thia  oock  waa  fnuitd  atcnebad  u  i 
rewrvmr,  but  in  what  manner  it  waa  foo- 
nected  we  knnw  not — hy  aoldor  I  acrow  1 1 
— panioulnrs  that  caanot  be  detennin>.<d 
bv  the  alcatcb.  Had  wc  an  oppomnittj 
uf  examining  it  wo  wmild  mdoavor  to 
aseenun  im  weight,  dimenftiniu,  &c. — whrthnr  the  mbstunrc  ufthu  plug  and 
chamber  am  the  same,  and  if  thn  formt^r  ia  sccurL-d  id  the  laiicr  lijr  sitghiij 
riveting  itA  lower  edge,  u  in  oar  smaJl  cooka,  or  by  a  waaher  and  acrvv 
a«  in  large  ones. 

The  mode  nf  forming  the  AanMe,  or  that  pan  by  which  (be  plug  it 
turned,  in  a  iMparate  pteoe  from  the  latter,  is  deciocdly  superior  to  the 
onmmnn  prartioe  of  casting  both  in  one  piece,  ll  ia  a  common  oecnmsica 
to  throvv  a<)idi>  n  cock  and  replace  ii  with  a  new  one,  airoply  becaoae  tfcis 
part  hasheen  broken  from  the  plu^,  and  con  only  be  rrmodtcd  by  rcpladng 
tbe  latter  with  it.  Now  ihia  would  never  occur  if  cocka  wen*  made  Ua 
thift  uicient  one,  for  the  part  allud»d  to  might  be  renewed  with  ibe  auae 
fiicility  as  the  key  of  a  door  or  the  handle  of  a  hammor.  The  mode  of 
attaching  ihta  nan  to  the  plug  by  sliding  it  between  two  derx-tadtd 
is  ingenioua,  Mimpl«,  and  very  effective. 

In  a  gi'cnt  portion  of  modern  cocks  the  area  of  the  opening  ihroiigh 
plug  M^idora  excAc^A  one  half  of  that  ihmugh  ihe  chamber ;   but  in 
above  one,  the  chamber  is  stidicienily  Urge  to  aUnw  a  uniform  | 
way  throughout 

The  modern  name  ofthoae  instruments  is  supposed  to  have  anaee 
their  hnvini;  been  made  in  the  form  of  the  male  of  the  donwittic 
heiicif  wcaliipr-fock,  llie  oock  of  a  gun,  &r. 

The  luxury  uf  the  Romans  under  the  empire  led  them  to  monst 
excesses,  particularly  with  regard  to  Iwidu ;  the  water  to  supply  w 
was  often  conveyeil  through   pipes  of  /ntre  lilrtr,  and  of  countt-   ihrT>Q 
eaeJu  of  tAe  same.     Seneca,  in  a  letter  to  Lucdius,  descrihinfr  the  humi 
■villa  of  the  great  Scipio,  deplores  this  depeneracy  of  his  niuntrymen. 
write  to  you  [he  says]  from  the  villa  of  8cipiu  Afncanus,  where  I  at  pf  . 
am,  and  have  worshipped  bis  manes  and  his  attars ...    I  surveyed  ih»  vi 
which  is  built  with  square  stone  and  surrounded  with  a  wall.     I  vieWi 
the  grooves  and  lowers  plantod   and  erected  on  each  aidff:  a  cai 
cistern  and  basin  for  water  is  below  the  bouse  and  gardens,  large  e 
to  supply  a  whole  army ;  not  a  small  bath,  and  iJiat  Minething  dns! 
It  Was  a  sensible  pleasure  to  compare  the  manners  of  Scipio  with  ours. 
Ill  this  little  hole,  this  comer,  did  [}iat  terror  nf  Carthage,  i»  whnm  ainna 
Rome  owed  her  not  being  taken  a  second  time,  wnsb  and  refresh  himi 
after  being  tired  with  his  country  toils ;  for  be  uai^l  the  country  exem 
an.l  pl<iiigHnd  his  gronnd   himself,  as  lliC  ancients  werr-  wont  to  do. 
ncath  rbis  humble  roof  he  stood,  and  this  plain  uiuirtful   floor  sap|ioni 
him.     Who  now,  in  onr  days,  would  endure  su  mean  a  bath  t    Kvrry  man 
now  thinki  himself  poor  if  i\i«  wia,\Wo^  Vi\iv\)W^\  i^tim*  twft.  •«\vV\  W«i^  oriia 
of  precious  stones — ^n«\eae  lV«  MeiianAr\%n  n«kx\>W>3Q  ^nvVpawiA .  v^vwsnV 
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Mosaic — if  the  TBultdd  roof  b<^  not  of  glass — unless  tlie  Tliueian  sione, 
fbrmortj'  an  nre  and  nnl,^  to  he  Found  in  tom«  particular  temple  ur  public 
buitiliiig.  line  the  cistern,  into  which  he  deiicvnils  dWr  ewcBlinji;,  without 
wal  or  lifv,  it'  the  wai«r  pours  not  on  him  froni  tiivcr  coxdiuU.  1  speak 
tuiw  only  of  tlie  pipt-s  and  hnth»  of  che  vulgar  ;  but  what  ahali  1  aay  w)i«n 
I  csuiM  lo  those  u(  thtf  l"rc«l-fnrn  f  How  many  fltaiaea !  Haw  many  rows 
of  pilliin  supporting  nij  wt'ighl,  but  placed  tnere  merely  for  the  sake  of 
utpeoMi  «nd  oroamcnt !"  kc  icc 

No.  27<1  is  another  ascient  cock 
Irom  the  third  volume  o(  Afontfau- 
eon's  Antiquities.  Lt  will  serve  aa 
a  specimen  of  the  richnesa  and  va- 
riety of  nrnamuDt  with  which  these 
instnimotiis  were  sometimes  deco- 
rated. The  Hgurc  standing  on  the 
bead  of  a  dolphin,  and  which  form- 
ed tlie  handle  by  which  the  cock 
was  opened  and  ctoHid,  is  supposed 
to  have  represented  the  Gomua  of 
tbe  garden,  id  which  the  fountain 
was  placed.  Another  highly  orna- 
mented cock,  or  ralhor  part  of  one, 
is  also  engraved  in  the  same  work ; 
but  as  it  appears  to  be  merely  that 
part  by  which  the  plug  wns  turned, 
tt  ift  nmiiicd.  Thtre  arc  srvcral 
bronze  jet  pipes  for  friunlains  ex* 
tani,  and  in  great  viiricty  of  tthapes. 
They  were  Mtmtrlimcs  plnlcd  with 
gold,  ns  «p[>eafa  from  traces  uf  it 
vetl  on  soRh-  of  them. 

Much  odditional  information  re< 
spcciing  the  ii<te  of  cocks  among  the 
BotnaoB  has  been  obtained  trnm  the  rums  of  Hercutaneum  and  Pompett. 
Several  have  been  found  in  the  houses  and  hatha.  Some  were  attached  to 
ptpcst  foantoina,  and  to  bnilers  on  large  moveable  tripods,  or  brazier*,  and 
aUo  to  urns  or  vases,  similar  to  our  tea  and  cofiee  urns,  Mou  nf  them 
are  omamcBtcd  with  lions'  heads,  &c.     In  odh   limzier,  the  cick  In  (|uite 

r'lain,  and  resembles  those  which  arc  known  to  pliimliera  as  atnp-eock*, 
n  6omc  of  the  brasicrs,  the  grate  bars  are  hollcte,  that  the  water  might 
circuiaic  throagb  them,  and  the  cocks  are  ibt«ned  juat  above  the  bottom 
of  the  boiliTs,  tbnt  a  little  water  might  always  be  retained  lo  prevent  iha 
fire  from  destroying  them. 

In  iho  bnihs  of  CloMdiut  the  water  ran  through  pipes  ofsilrrr  At  La- 
nuvium,  in  the  ruins  nf  a  villa  of  Automntta  Pitta,  a  silvek  cock  was  found 
which  served  for  a  fountain.  Tt  uei^ln-d  liiirty-Kve  Roman  pounds,  and 
Was  inscnbcd  "  Faastiita>  Nostrffi." — {Encyo.  AntJtj.  vol.  i,  4i6  )  I  waa 
shown.  »Rfa  Bbbvai.,  in  his  "  Remarks  on  Europe,"  several  curious  freg- 
raents  that  had  been  dug  out  of  the  ganlens  nf  Mfficenas.  Among  these, 
were  som*^  huge  leaden  pipes  that  conveyed  the  water  from  the  CJaudiao 
ai)ucduets  into  a  subtcrraneoua  bathing>room.  The  magnificence  of  tbe 
placf  muat  have  been  suitable,  oo  doulit.  To  tlie  imtn«n>e  wealth  and  deli- 
cacy of  a  Roman  of  his  rank ;  espeeially,  if  what  I  «as  assured  was  the 
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fact,  thnt  urime  iKNiier  tubas  ducoverad  tiinon{;  tbv  ikRw  rubbisli  wcn  «f 

Niiihirig,  itmya  QUinvitle,  could  equal  !n  richness  tli«  •paftmenU  uf 
racallH*!  Italh*.  Ooluinris,  ntalues,  rarufll  msrl^tiia  aiit)  jaspers,  nail  ptcrtnm 
ofttn  immense  raluc  were  lav  tslird  oner  very  unc  of  tliem.  The  vct_v  pipn, 
both  largH  anJ  snull.  wbicK  conveyed  uater  into  ilie  bathing  apuliOBnl^ 
ware  »\l  nf  thejfn^sf  tiUfr.  This  particular  is  recorded  by  Mivcru  (ooctmj 
•nthurs,  and  among  others  by  Statius. 

Otho,  iti  a  feast  given  to  Nero,  almost  deluged  hu  ga«ats  willi  ■  niost 
precious  Uuuid  perfume,  which,  "  by  opening  certain  fi^Ju."  f>ushrd  oot 
of  silver  and  golden  lubes  that  were  placed  iu  difTwreiil  parts  of  ibr  ruum. 

A«  water  was  conreycd  by  pipos  ialu  ihu  houses  atid  temples  of  uKieid 
Mexican  and  Peruvian  cities,  il  might  theuce  be  ooucludeJ,  in  the  ^j»bdc« 
of  direct  testimony,  that  cocfu,  at  least  wooden  apigols.  were  in  u»e  abo ; 
but  there  is  evidunce  uf  the  fact  We  are  informed,  that  in  a  palace  </ 
AtabalijM.  there  was  a  bath  or  "  golden  cisieruv,  whereto  were  by  two 
pipes  from  contmry  parages,  brought  both  cold  water  and  hot.  to 
them  mingled  or  aaunder  at  pleasure."  (Purchns'  Pilgrim,  107J.)  > 
that  these  pipes  were  furnished  with  cocks,  is  expressly  asserled  b^  ( 
cilaMO,  in  v  pa3Mjg;e  we  have  alrr'ady  quoted.  (Scr  page  170  )  Cisli 
and  pipes,  both  of  silver  and  gold  were  ustd  in  ihe  tt^mplc  at  Cuseo. 

"  Qoldon  pipes"  are  nrwntionfd  by  the  pruphet  iCechariah,  iv,  2  and 

We  gave  a  figure  of  a  aiphon  cock  at  Nos.  266-^,  and  ahall  hem  duKrilM 
a  sliding  one,  contrived  and  uacd  by  us  aeveral  years  ago.    A,  No.  S76 
prescnia  a  short  brass  or  cnpjNir  tube,  with  a  siuffing-box  fined  to  its  up: 


m 


end  ;  tlte  lower  end  is  soldered  lo  a  pipe  proceeding  from  a  reaerv 
or  from  a  main  in  the  aireet.  B  a  smooth  and  smaller  tube,  having  its 
h>wer  end  closed,  works  through  the  stulGng'box  :  lo  lU  ^'PP^'  *'*^' 
which  is  also  closed,  a  knob  or  handle  is  fixed,  and  just  Iwlow.  tbere  is  a 
S|»>iit  for  diarhiirging  the  water.  At  the  middle  of  B,  a  number  of  holo* 
arc  drillt^d  tlirou^h  iL*  sides,  or  they  may  be  in  the  fiirm  of  slits.  Now 
while  iheM*  0[>emngs  are  kept  above  the  stufliiig-lxix  (as  shown  in  rh« 
cut)  no  water  can  be  discharifed  ;  but  as  snnn  as  11  is  pushed  down,  so  as 
tt>  bring  ihem  below  the  stumng-box,  (he  fluid  nwhes  tlinm^h  thetn  anl 
Moapeit  at  the  spout.  To  slop  tlte  diM-luirge  B  it>  tlien  rained,  as  in  iha 
figure.  There  should  lie  one  ur  two  Miiiall  pmjt^ting  pieces  near  (he  lowor 
end  of  B  to  prevent  its  Iwing  pulled  entirely  out  uf  A.  The  pr<<s«ure  of 
the  water  tends  to  keep  B  from  sliding  down,  when  the  inHtnimeiit  is  not 
in  use,  even  if  (be  friction  of  the  stufRng-ltox  were  not  suHieieni 
exlcrnnl  edges  of  l)ie  nliis  should  be  smooth  to  prevent  tliem  from 
ing  bold  of  ihe  packing  while  passing  through  VL  Of  this,  there  is  hrtw< 
but  UhIg  danger  in  small  cocks,  and  in  those  nf  tnrgcf  site,  that  part  of  B 
through  which  they  ore  made  might  l>c  slightly  cootrocled. 

No.  876   represents  one  of  these  cocks  attached  lo  a  cistern,  wi^ 
iipeninga  within   the  stuffing-box,  and   oonsec|uenlly  ihe   fluid   eacApi 
The  length  uf  the  slits  shoulu  always  he  less  than  ilie  depth  uf  the  pack! 

No'.  S77  exhibits  a  stop-rock,  or  one  whose  ends  aee  straight  and 
(such  01!  plumbers  solder  in  the  middle  of  pipes.)     A  stmight  tub 
is  closed  by  a  partition  or  disk  in  the  mid<llu  of  tU  length  :  aa*th« 
which  flows  from  the  reservoir  always  rciiiaiiis  in  ihe  ei>d  C,  (he 
to  open  a  comniunication  for  it  to  pass  into   D.     To  accotnpliith  this,  si 
or  other  shaped  openings  ore  made  through  the  pipe  on  buih  stdns  of 
disk,  and  a  shorter  bur  wider  tube  K.  wiih   a  stufnng-box  al  each  end  is 
fitwd  to  slide  OTer  C  D.    THua,  \o  tJiXow  'Mftj^.T  vo  msa  ituo  D,  all  that  ■ 
nrauired  is  to  mova  E  ^bj  ibe  vwn  ^t^urv^  \M«A\wf\  vKt  Vi^  vmea  * 
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opening;*  are  tndow»d  hy  ii ;  while  tu  itop  tho  Oow  through  D,  G  iniut 
he  moved  hack  loivarda  C  u  in  th«  figuro.  Tha  np|i«rr  ftgurc  in  the  cot 
IM  aootbcr  lorm  nt*  the  same  ifain^.  The  flliiling  tuhc  H  m  ihe  imdlMl, 
and  hw  nnc  end  cloied  Hke  Nos.  S76  and  276,  while  F  atid  G  iir«  wpK' 
rate  pieces,  lu  action  will  he  aufficienkly  obrimw  from  the  preceding 
remark  t. 
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hvge  cock*  on  this  pnriciple  ma^  be  niiidt*  for  half  the  eotn  of  ordinary 
oo».  vhiln  the  exjwnsu  uf  keeping  thorn  in  urdvr  if  loo  trifiing  to  Iw 
troticed^'Cf'asionally  to  renew  ihe  packing  is  all  that  could  he  required. 

n'iiter- Clntfig  have  heen  greatly  improved  by  modern  anisic,  hut  they 
are  an  anirieril  and  probahly  Asiatic  device.  The  summer  cHnmhcr  of 
£glon,  king  of  Moab,  (Judges,  iit,  SfO-25)  is  supposed  to  have  heen  one. 
Tbey  were  introduced  inio  Rome  donng  the  repablie,  and  are  noticed  by 
Mverat  ancient  wniers.  Those  canstnicted  in  the  palace  of  the  Cnear* 
were  adorned  with  marbles,  arsbeaqUB  and  mosaics.  At  the  back  of  o»e 
■till  exmni,  therv  n  a  cittern,  the  water  of  which  is  dtstributed  by  cocka 
to  different  scats.  The  pipe  attd  basin  of  another  has  been  discovered 
near  the  thealrv  at  Pompeii,  when*  it  etill  remains.  Heliogabalus  con- 
cealed himself  in  cine,  and  whence  he  vru  dragged  by  his  aoldiera  and 

ilaio. 

Water- cinfetij  scrtn  to  have  l^ecn  always  used  in  the  Kaft,  and  for  rea- 
which  Tat'crnier  and  other  oriental  irnvcli-rs  ha^e  assigned.  Numbem 
are  erected  near  the  mustjucs  and  Irtuples.  A  similar  custom  prerailcd  in 
old  Rucne.  Conauniinople,  Smyrna,  and  probably  all  ancient  ritics.  In 
die  eity  of  Fez,  "  ruund  altoul  the  mos<jue8.  are  150  coihnion  houaes  of 
MaOt  each  furnuhttd  with  u  cock  and  marble  cistern,  which  scoureib  and 
bvepetl)  all  neat  and  clean,  as  if  iltcse  places  were  intended  for  tome 
aweeter  employment-" — ((^Iby's  Africa,  1670,  p.  8S.)  In  his  "  Relatiun 
of  the  Seraglio,"  Tavemier  describes  a  gallery,  in  whicii  were  several 
water-closeis..  "  Every  seat  [he  observes]  has  a  Intle  cock."  Ale  mentioTis 
others,  in  which  the  openings  were  covered  by  a  plate,  winch  by  means 
of  a  spring  "  lumed  one  way  or  the  other  at  the  fslhog  of  llie  leaat  weight 
npon  It." 

Sir  John  Harrington  it  said  to  have  introduced  water-closets  into  Eng- 
land m  Klisabeih's  reign,  and  some  writers  have  erroneously  ascribed 
their  mvemlon  m  him.  They  are  described  in  the  great  Frencn  wori.  un 
Arts  and  Manufactores,  by  M.  Roubo,  who  aaya,  tney  were  long  used  in 
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Frsnce  borore  1)eing  known  in  England.  Tlioee  wbich  ho  haa  Gguivd 
however  oa  the  aitcjptit  plitD,  wiUiout  imp*,  and  such  nn'  atjII  to  bv  fniad 
in  ofienwl  cities.  Thev  art>  not  to  be  compared  with  ibe  miMlern  odm. 
<3oe  L'Art  da  Mcnuisier.  folio  udii.  1770,  PI.  69  ;  GifU's  Pomrwiwi*;  A 
Diwwrtuion  on  Placos  of  KetiremeDt,  LonU.  1751  ;  Frjrer'«  TntwU  in 
Indin  nnd  PvTt'ui,  Lond.  lti9S.) 

DoviiMjd  dtr  prvvpnlinirliiu  m«c«nt  ofofTeRsive  Tapore  from  «ink«,  kvocri, 
dtftini,  &C.  nn)  ntitnv^d  traf>€.  As  tbpso  ar«  simple  in  coiiilrucfion.  %ad 
appiicabtn  uiidttr  nil  circuioatancfs,  knd  yet  aro  liltlo  known,  \ra  hmia 
inserted  s  «kittcb  of  a  fitw  of  tbe  nuwl  commoa.  Tbey  Bre  ol!  modjfica- 
tions  of  tiie  ssme  principle. 
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A  A  represent  •  floor  or  covering  of  •  sink  or  seorer,  and  die  object  is 
to  diKharge  refuse  water  or  aJope  of  any  kind  into  tbe  bitter  witiioin 
allowing  currents  of  air  to  rise  through  the  pasaagu,  No.  1!79  is  a  l«abn 
pipe  hent  at  nne  part  inio  the  form  of  a  letter  ti,  which  part  coiMtkulctt 
tbo  trap.  One  cxtrerniiy  enters  the  nnk,  and  to  tbe  other,  which  i»  lanti 
up  psrp«mltculnriy,  iha  biL<un  of  a  wat<>r-<:]naftt.  or  a  oommon  funnel  il 
aitachca.  Tbe  llexurfts  of  the  tube  miint  be  nuch,  that  whalev«r  lir|aid  k 
tbrowti  down  the  banti,  a  portion  will  always  rennin  in  the  hem  pan 
below  toot  to  imt  the  postage  eompUu/t/.  h»  shown  in  the  eoL  Tbe  han 
and  intp  may  b«  placed  in  a  mom  at  any  distance  above  the  sink  oratwai^ 
providod  both  are  connected  by  an  air-tigbt  tube. 

No.  £79  i«  mmed  a  1)  trap,  from  it«  rMeiabkliee  to  that  tettnr.  Il  ii 
of  the  kind  generally  used  in  wnter-closRia.  far  whiob  purpose  it  is  aJwajn 
made  of  lead,  and  iiboiit  tivclre  incheii  lonj^,  five  wide,  and  ten  or  elevWi 
deep.  The  pipe  that  enters  the  sink  is  snldered  to  one  end  and  neftr  th« 
top.  Thf.  oiher  one  to  which  tbe  basin  is  attached  dwBaada  an  or  mma 
inches  through  tlie  top  at  tbe  opposite  exttwnily  of  the  tiap.  By  tUa 
armngement  waier  is  retained  within  m  a  leral  with  the  lower  edgv  of  til* 
pipe  thai  enters  the  sink,  while  the  perpendicular  pipe  dipa  between  tmm 
and  two  inches  below  the  surfaou.  Hetice  although  impure  air  in  the  aaik 
can  readily  ascead  into  the  trap,  it  canttot  enter  the  toW  on  whieb  dw 
bajin  ia  placed  :  fur  to  do  wi.  it  would  have  to  descend  thraag;fa  two  iachoa 
of  tha  water  tu  reach  the  ortlico  of  the  tube :  and  than  tth  aaoend  thwm^ 
an  equal  coWnia  within  thv  Iatu*r  befom  it  conkl  lis*  into  lbs  basin. 

No.  260  ■  a  funn  of  trap  xisud  over  tfaoopaning*  oi*  atreeC  aewan,  far 
which  purpose  they  are  commonly  eonstrtietaa  of  atone  or  brick  and  UnaA 
with  cuntL'ot.  Tho  figuru  is  thut  of  a  square  box  npun  at  tup.  A  pip*  is 
in8crtf.>(l  through  the  Ixtttona  at  one  side  to  connect  it  with  ihu  wwcr.  This 
ptiK*  Stands  nlmut  half  way  up  the  inside  of  die  box,  and  above  it  there  is 
■  iM'tiL  metangular  paruuuu  auacVied  u.  Omm  of  tu  odea  lo  the  box.  wlnb 
the  fourlii  aids  extmtda  uud  \\»  wi»AA\«  ««4,  ictv*  ^:^<»  vtAmk  - 
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orifice  of  the  pipe,  and  consequeotly  that  depth  in  water ;  thus  cutting  off 
all  external  communication  with  the  air  in  the  sewer.  A  loose  grate  fits 
into  a  recess  on  the  edge  of  the  box,  and  is  occasionally  removed  to  take 
out  the  dirt  that  passes  the  grate.  Small  traps  of  the  kind,  and  made  of 
cast  iron,  are  sometimes  used  in  the  drains  oi  private  houses. 

No.  281  is  named  a  bell  trap  from  its  figure.  Such  are  generally  of 
small  dimensions,  and  are  mostly  used  in  kitchens,  over  the  channels  or 
tubes  through  which  refuse  fluids  are  discharged  into  sinks  or  drains.  The 
end  of  the  pipe  projects  two  or  three  inches  into  the  trap,  consequently  a 

auantity  of  water  must  always  remain  within  at  the  same  elevation.  Over 
IB  pipe  a  bell  or  inverted  cup  dips  about  half  an  inch  into  the  water,  and 
is  of  such  a  size  as  to  leave  sufficient  room  for  the  fluid  to  descend  between 
it  and  the  sides  of  the  trap,  and  also  to  pass  under  its  edge  and  rise  into 
the  pipe,  and  so  escape  into  the  drain.  'The  cup  or  bell  is  connected  to  a 
braM  grate  that  drops  into  a  recess  cast  round  the  inner  edge  of  the  trap. 
The  origin  of  traps  is,  we  believe,  unknown.  The  principle  is  precisely 
the  same  as  in  the  water-lute  of  old  chemists.  Glauber  used  contrivances 
identical  with  Nos.  278  and  281,  instead  of  cocks  to  close  retorts,  &c.  In- 
stead of  water  he  sometimes  used  mercury,  when  the  contents  were  of  a 
corrosive  natoro. 
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3Mn  S«a— nwtoM— W«U  wooUp— Well*  wuk  mm— Tn»t— ■ttMfc*  E*i»lH  wmm  b^  ■  Mraw— 
ratpcinBl  R»tiDii^J!tau  pvafB  !■  *kl|»~~J)pr<nkrtafl  jMU — Old  ftlcihwIaM  p«B|>— Warn  pDw«r-~ 
ViiLfui't  tnit-h*a»*r»— BoHpara— BlnpiiK— rbiloMphlctl  Utloit*— Cbaifiet  *«Urll»— &&pjli« 
Mob  r*fEff«l  IB  la  iba  Oibl*— rilladi«>»— Labu^  I— {aa  BtyaBiw  tmmml  iliiii  MfMai  aarf  alt— 
Wi»a-Bilb— lapHMatof  chain. 

SoHB  faeu  and  ob«f>rvRiions  hnving  occurred  to  us  daring  the  pm(p«u 
«f  tliis  work  which  could  not  be  inwrtoJ  in  their  proper  places,  a  few  are 
sdd«d  by  wny  of  appendix.  While  engased  on  t)ie  last  chapwr,  a  large 
collection  of  old  books  wan  imported  into  this  city  from  Europe,  in  which 
we  fortanattfly  found  a  pcrfptt  copy  of  "  Xature  and  Art."  mentioocd 
ai  pp,  321.  121.  From  iJic  title,  which  i»  nnnoxod.  it  will  ho  §ccn  ihal 
our  cnnJMitures  r«tpcc[ing  its  author  and  date  of  publication  were  correct 
"  The  Myglcries  of  Nature  and  Art  in  fourc  sevcrall  parts.  The  first  of 
■water-worku :  the  second  of  fire-works :  the  third  oi  drawing,  waahing, 
limninif,  ttfiinting  and  engrarinff  :  the  fourth  uf  sundry  experiments.  The 
itcatul  ftUlM».  with  many  additk>na  unta  every  part.  By  John  Bue, 
Lond    lTi;U." 

At  pn/^t  19,  we  quoted  an  example  of  fmgaliry  in  Deniams  coolcing  his 
iimplit  f>H>il  while  he  swayed  the  destinies  of  Rome,  There  is  a  parallel 
caa«  in  nne  nf  the  mosT  virtuous  of  the  Greeks,  vit.  Phodon.  Alexander 
esteemed  him,  btii  coutd  »ever  induce  him  to  accept  of  gifts,  although  he 
was  always  poor.  At  nne  dme  the  Macod<iman  warrior  sent  him  out  of 
Asia  a  hiinilrcd  talcnia  as  a  mark  of  his  ri'gard  ;  hut  when  the  envoys 
arrived  with  the  treasure  at  Athens.  Phocion  was  inflexible — he  would 
nminurh  it.  They  then  followed  him  to  his  houie,  and  were  astonished 
bey»iid  meanuri^  tn  find  the  wife  i>f  this  truly  great  man  making  bread,  and 
bimst'lf  drautinsc  voter. 

WarAhip  nJWtlh,  pp.  33-37.  "  The  worship  of  this  well  of  St.  Edward 
was  parriciiUi-ly  forbid  by  Oliver  Sntton,  bishop  of  Lincoln,  in  the  time 
of  Edward  I.  This  well  wor^ip  is  •ttrnrtly  forbidden  in  King  Edgar's 
canons,  and  K.  Cnute's  laws,  as  'twas  in  a  council  at  London  under 
Archbishop  Anselm,  in  the  year  1102;  and  some  of  our  heat  criticka 
observe  that  what  is  iranalated  K>t//-worahip  in  Colosaiana,  ii,  S3,  should 
be  torfi-wttrship." — Hearne's  Preface  to  Robcrl  of  Gloucoater'a  Chronicle.) 

Wf3it  vrxlK  Stairs,  p.  53.  An  exiraordinsry  well  of  this  kind  was  built 
by  Pope  Clement  VII.  in  1S8S. — (Sec  Lond.  Mechanics'  Mag.  vol.  ii,  208.) 

Tomnit^i-ncke.  p.  75.  In  the  33d  year  of  Henry  VI.  A.  D.  1434,  an 
onlinanee  was  csiablikheJ  for  reducing  the  expenses  of  the  king's  house- 
hold. Instead  of  a  lurgcr  numlter,  only  "  vj  child  rvn  of  ye  kechyn  loiirne- 
brochci"  Were  aupointed,  i.  c.  to  turn  the  spit*. — (Proceedings  and  Ordi- 
nances of  the  Pnvy  Council  of  England,  edited  by  Nichols,  vol.  vi,  289.) 
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Baiting  Water  through  a  Screw,  p.  140.  Some  penoiM  dcoeiwd  \tj 
x\wi  kppnrwiit  facitily  of  working  s  water  screw,  ctpecisUy  whoti  ita  joui- 
nalH  nr*.-  (lt<1icalely  fitted  to  (hnir  bfaring«  sru]  t)iey  turn  with  liitla  fnLiioa, 
itna^iiiK  itiat  it  not  only  cl(.'V«t«S  the  liquid  with  a  l«M  expenac  of  bnm 
tltaii  any  (itlier  machine,  but  with  less  than  i*  due  to  lb«  qiuntit^  rwM^ 
bence  it  has  odcn  been  adopted  in  project*  for  the  perpetual  molioD.  Wl 
arranged  m  aa  to  be  turned  by  an  otfTtht^  uAetl,  it  con*iiiuie«  dim  ' 
the  firit  utiempta  at  a' solution  of  that  impossible  prohI<>ni,  uttder  the 
preaaion  that  it  would  raise  and  diiu-.hargn  upon  tnn  wheel  all  U>e  wi 
expended  in  moving  it!  The  inclined  pnaition  of  a  water-icrcw  ia  lup- 
poaed  ID  contribute  to  thie  itnaginanr  r«!iult,  for,  say  these  reaaoiMfv,  th* 
water  then  ornvea  at  the  top  by  naturally  flowing  along  earh  eonvolBUaB, 
while  the  force  ronaumrd  is  little  if  any  more  than  would  !-><>  ret|[urMl  lb 
turn  the  tiibo  if  empty  ! — the  fluid  bning  thus  raised  in  nditTurent  manHr 
and  with  murh  leAH  force,  than  when  Tilled  directly  and  perpendignlariy 
by  tlie  piston  of  an  atmospheric  pump,  or  driven  up  by  that  of  a  Circiaf 
onet 

In  these  projects,  the  action  of  the  wheel  depends  of  cfiarta  u  aneb 
upnn  the  -tcrpw.  as  that  of  ihc  Ultrr  dews  upon  ihc  wheel ;  in  other  wordi^ 
each  is  designed  (o  turn  the  olhirr :  but  iW  very  idea  of  two  "'"•HTP*t 
reciprocally  moving  each  other  at  the  auaie  time  u  palpablv  absurd.  The 
two  forces  will  either  b«  equal  or  unequal.  If  they  are  alike  both  voald 
be  in  cquilibrio,  and  the  uiachines  would  renwin  at  re»i  ;  and  if  at  any 
lime  oDu  force  exceeded  the  other,  the  aame  result  would  necessarily  take 
place,  for  the  smaller  could  not  ihen  overcome  the  gTMUer.  If  the  wheal 
could  transmit  ita  entiru  force  to  the  screw,  (undiminiabed  by  rrustaiiee 
from  the  air,  die  friction  of  tu  bearings  and  ihaL  of  the  tmcrmediate  m»- 
chaniara.)  it  would  still  he  imposaible  for  the  latter  to  return  it.  beca 
do  so  a  greater  force  than  Uial  derived  from  the  u  hen]  would  be  re<)' 
a  machine  cannot  he  moved  and  at  the  same  time  move  tia  mu 
When  moved,  iu  force  is  less  liian  (hat  by  which  it  is  moved;  and 
becomes  the  mover,  its  force  must  exceed  that  uf  the  machine  to  w 
imparts  motion. 

The  effect  of  any  machinery  composed  of  lovers,  cranks,  wbeela, 
and  moved  by  water,  animals,  or  meu.  can  tifver  exceed  the  power 
moves  it,  for  there  is  iiuihing  in  'wood,  iron  and  bress,  or  in  any  cuinhiaft> 
lion  of  them,  by  which  ihcy  can  ertate  ftifcf,  or.  what  is  the  same  ihtng, 
give  out  more  than  is  imparted  to  them.  As  well  might  we  expect  to  lea 
a  carriage  returning  of  itadlf  from  a  long  journey,  and  ladcu  wilb  tke  hor«a 
tliat  drf'W  it  from  home. 

WilkiiM  has  given  a  chapter  m  his.Marhomatical  Magic  on  **  f  iinipcisJin 
a  perpetual  motion  by  fluid  weights,"  His  prnmineni  plan  waa  tuaiig 
water  hya  screw,  and  discharging  it  on  tloat  Miards  attached  to  tlM  acrev 
itself,  lie  quotes  older  authors  who  indulged  the  same  whim.  Ttaon* 
of  great  mechanical  discoveries  often  burst  upon  the  ingenious  prelate,  aa 
well  as  on  lay  inveninra  :  in  such  aoaaona  bo  was  in  ecataciea.  When  be 
first  thought  of  obtaining  {vm-er  by  nwana  of  a  waterscrvw,  he  aata, 
could  scarce  forbear  with  Archimodes  to  cry  oui,  KnTtkal  Surticm 
■eemitig  ao  infallible  a  way  for  the  effecting  of  a  perpetual  motion. 
aothiit^  could  be  so  much  aa  probably  objected  agamst  it :  but  npun 
and  experience  I  find  it  alingeiher  insufficient  for  any  such  purpose." 

In  the  Gentleman's  Magszinn  for  1747.  p.  459.  them  is  a  deacrifiriM 
and  figure  of  a  similar  device — eiihor  wvier  or  halla  were  to  be  raifMl 
tfarouirti  a  screw  and  dtn^^l  M^^n  m  n^ierthot  wheel.  It  was  dcvHi^ 
by  a  Col.  Kranwh,  ot  HwivbuT^,  viVo.  to  »  y»w\vViV«v,  {u^Nm^  Nm  SmL 
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•pent  tbiny  yvan  in  psrfitctiog  it.  He  pioposed  ii  u  t  subramte  (or  wind 
uiid  water-millB,  and  panic  uinrty  fur  raising  water  and  ore  from  mines. 
lo  the  Mme  work  for  1751,  p.  4iS,  tlivru  io  "  i  sulf-iaoving  wheel."  And 
U  p.  3'Jl.  "  a  self-moving  macbma ;"  the  latter  by  a  Polish  Jesuit ;  it  eon- 
■iiteil  of  a  wheel,  ropes,  pulley*,  u  purap,  wuightu,  ice.  and  of  eourae.  UIca 
ICramch's,  cnald  no  mora  move  of  iiMilf  tliau  a  lainp-|H»i.  nor  inomoae 
uiy  force  impan<Nj  to  it  tlian  could  a  collt-viiun  of  pavins;  stones. 

If  a  perpoiual  motion  could  bu  olnuintMi  by  a  waior-whi-el  anil  «crew 
■a  above,  then  it  would  follow  tliat  a  bricklayer's  laborer  could  convey  « 
hod  of  mortar  or  a  bucket  of  water  to  thu  top  of  a  building  mth  a  much 
loss  exMiiditurf!  of  force  by  traveling  along  a  circular  stair-way,  than  by 
ascending  dirc^cijy  np  a  ladder,  and  whether  he  cotritid  the  load  on  hia 
ahnnldcr  or  dragged  it  aftur  htm  by  a  cord.  But  the  fact  is,  n  100  lb,  of 
water  cannot  by  any  coniriirancc  whatever  be  conveyed  to  the  lop  of  a 
building  with  a  force  lusa  than  would  be  required  to  pull  up  the  same 
weiglii  of  au^ne  or  mortar  in  a  bucket :  it  can  no  more  be  wheedled  oik 
of  iu  (iravity  by  pacing  it  up  an  inclined  plane  than  a  vertical  ano^ 
through  a  hetif:al  labi*  iban  through  u  slnught  one. 

Ciatit-Pumfta  im  Shipi,  p.  154.  John  Bate,  describing  a  chtiin-pump  in 
1633.  says,  a  short  brass  chamber  arooothly  bored  wa«  inicncd  in  the 
lower  end.  The  pistons  were  fitted  to  this,  and  the  rest  of  the  pipe  waa 
of  larger  bore.  The  chain  wax  of  iron  and  carried  round  by  u  spriKkot 
wheel.  Each  piston  couiste*!  nf  a  disk  of  Aons  between  two  of  leather. 
Such  a  pump,  he  observe?,  "  goeth  very  Rtrongly,  and  iJurefore  had  need 
be  made  with  whcrU  and  wnmeht  by  horses,  for  ao  the  water  is  brought 
up  at  Broken  Wharftt  in  London."  Ho  names  the  chain-pump  "  an  engin 
whereby  you  may  draw  water  out  of  a  deep  well,  or  muuni  any  river 
water AImi  it  ifi  used  in  great  akip*.  which  [  have  seen."— •{ Mys- 
teries of  Nature  and  Art.) 

Atmimphtric  SprMling  Pals,  p.  194.  When  Louis,  duke  of  Orleans 
and  Milan,  brother  of  Charles  Vll.  waa  murdered,  (A.  D.  1407,)  his 
widow,  as  a  symbol  of  her  distress  and  an  indieadnn  that  the  rest  of  her 
life  would  he  spent  in  tnars,  adopted  tJiu  cAtuUeplevre  or  ^rardcn  pot  as  an 
heraldic  d<?viee  ;  and  which,  wiui  the  motjo,  pint  ne  m'nt  riau,  site  had 
.  ODgraved  iiptm  almost  evorv  thing  in  her  bnuse.  No.  2S2  is  a  figure  of 
'~     instrument     (Devises  Huroiqucs,  par  M.  C  Faradin,  A  Lyon.  15fi7.) 

No.  SS3  is  analhar  old  form 
of  the  atmospheric  sprinkler, 
from  a  Latin  Collcclion  of  Em* 
blems  of  the  early  port  <if  the 
17lh  century.  The  roonn  on 
a  flying  scroll  was  Mada  Sf/i- 
ritHi  Adsit.  Air  was  admitted 
(hroiigh  a  small  opening  near 
the  lop,  which  was  closed  with 
the  punt  of  the  finger. 

The  sixth  and  seventh  prt}- 
blems  of  Heron's  Spiritalia  re- 
„\,'  late  lo  these  instnimrnts.    The 

tfa.iai  NVSOL  tWA^gurea  there  gifcrn orohoL 

low  spheres ;  a  smiJl  circle 
round  the  bottom  being  pcrfnnued.  and  a  minute  orifice  near  a  ring  or 
handle  on  t)ie  top.  In  one  them  ts  a  partition,  so  that  two  dilTerent  liquid* 
could  be  contained  wiihiu;  and  wine,  or  hot  and  cold  water,  discharged 
H  one  or  the  other  of  the  orifices  at  the  top  was  uncovered. 
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Far-Emginft  dW  Uellaw  Pmmpt.  pp.  241.  321.     No.  2S4  i«  •  hrlkii 
or  fnclionleM  pnm|i.  fntm  the  first  rrfuion  of  Bate'i  Mysteri«  i>r  Nauir 
wiJ  Art.      It  m  itJentiwI  wiih  the  fire  enpiic  referrwl  to  la  our  ihinJ  booh 
oxc«pt  being  placed  within  an  open  frnmc  insl«A(l  of  a  «uitem  fii«M)  upoa 
wbee)«.     l^>^  iu  deacnption,  .we  pp.  321-S.     (Tlie  iMthem  b«g  wltidi 
ODnnected  the  two  braM  veuelc  if  not  figured  by  the  old  mniiL) 


MfcMl    OUfrkUBBleHnrMlM««r*iap.A.I)Ll 


Water-Whtfh,  p.  S62.  Ther&  arc  inJic^ition^  in  tht^  Iliad  tliai  Vuleaa 
iMed  water  power,  and  that  ll  waa  Iw  the  drxirnus  «<tiKii*alm(mt  of  U  and 
the  mochamain  \ty  whicli  it  wa«  LranMniltnl  that  vnnbtcd  lilm  to  exflie  ta 
■o  kigii  a  drpve  iJte  aAtniusiinieni  of  his  romempontriM,  and  tn  ^t^e  nt 
Ui  ihow  M'nndrrful  Glories  of  hia  skill  thai  arr  even  ^'(  eitam.  Wbn 
^ngngrd  nt  llie  anril  Homer  rtMirrsenls  him.  like  ■  mixlern  miitb,  writh  a 
aingle  pnir  nf  bellows.  Thas  Thelis  fonad  him  "  sweating  at  \»m  heUowa 
hngn  ;"  hill  in  other  scone*,  he  is  exhthiied  rarfter  %n  martager  of  extMidva 
forge*  for  the  redmetiam  of  mciaU;  tire  firea  Iteing  urged  by  a  large  tMii»- 
ber  of  heitows  mnvcd  either  by  water  or  Home  other  inorganic  fom>,  Ltka 
a  unpen  mend  eni.  of  modern  iron  or  copper  wnrka,  ordering  the  ballMn 
in  he  thrown  into  geer.  and  the  hlaau  increased  or  diminished  aa  eiimn- 
nancea  require:  «o  Vnlcan  "turning  to  the  fires,  lie  bade  tJie  bwllDWi 
heave;"  then  ^^ 

Pall  twtm;  t>«<ltM*a  working  all  il  nnoc. 
Br«iiih«4  on  dw  fariuc*,  blvwia^  wj  and  IV««- 

Of  Vulcan'*  oamemus  w^rks  none  were  more  celebrated  by  the  ancivoU 
than  the  two  aHdro't/U  a-hich  aatisted  him  at  the  aitvil.  They  wer«  olrvi- 
oiisiy  nothing  more  than  ingentnua  devices  for  concealing  thr  t»ecli«i  *in 
hy  which  motion  wa&  cotnmanieatcii  to  tbe  aled^'i  ihay  held  in  t^-  .1 
han^s  :— in  other  worda,  met*  »rip  hamiarr*.  «A  «K«rfte4  WNW.\!»^v'i  Vn  v 
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dijtiint  mier-«rh««).  The  rods  or  levers  which  eomraunicaied  the  motion 
were  praheblv  eoncealed  under  the  floor,  and  terrn'maled  at  the  feet  o?  the 
figitrex,  while  Vulcan  could  easily  throw  tltem  in  and  out  of  gcer  unper- 
ceired.  U  cHn  readily  )»e  ioia^inod  what  the  effect  of  two  wull  executed 
working  imasea  of  ihis  kind  mual  have  been  in  c«rly  limes. 

EoJytHnJor  Fasittg  Metalt,  p.  397.  The  surprising  e^cta  produced  to 
modrm  clays  l)y  steam  ami  those  more  important  onea  which  it  is  destined 
her<<iirier  to  acnontplish,  will  always  render  oxanipiea  of  its  early  employ- 
ment id  ihrt  artd  inlnre«ting.  The  usr*  of  tiolipilos  aa  hullowe,  like  that  of 
atmospheric  sprinkli?rq  for  watering  pots,  ban  long  hoen  discontinued,  and 
both  liat'f*  almimt  parsed  into  oblivion.  We  shall  [liL-rernra  ofliir  no  apolooy 
for  insLTtin^  the  fallowing  additional  illustraiioiMi  of  the  uae  of  the  furmur  in 
bygone  timt-a.  No.  iM  U  a  ateiim  blow-iiipi'  from  the  Sd  edit,  of  John 
Biatu's  work.  His  description  fornis  an  adrotrnblw  comimtnl  on  Wilkiiw'a 
obMrraiion,  (p.  S9€,)  that  eolipilus  wen;  u^ud  iii  melting  glass  and  melals. 
This  remark  of  i)il-  bialutp  han  been  qtmted  by  xeveral  writers,  but  not 
one  hua,  to  our  knowleilgc.  endeavored  to  show  how  steam  was  thua 
applied,  although  every  mechanic  »n  perusing  Wilklns'a  book  would,  Uke 
ourselves,  feel  anxious  for  information  oa  the  subject. 
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Th(T  first  dmirv  consins  of  a  lamp  and  a  copper  ball  or  eolipile,  placod 
on  aiid  healed  by  a  furnace  or  brazier.  The  apparatus  i»  named  "  a  device 
*)  hend  glassc  canes,  [tulwe.)  or  to  make  any  small  work  in  ^lame."  "  Let 
Uiere  l»e  a  vessel  of  cop(»er  about  the  bignease  of  a  common  font-ball :  let 
tvc  u  lotig  pipe  «i  ilie  top,  which  muHt  be  made  00  that  you  may  upon 
laton  screw  on  lesser  nr  bigger  vents  ma:de  for  the  purpose.  Fill  this 
one  tliird  pari  will)  waiur,  uiid  set  it  over  a  liirnace  of  coals,  as  B:  and 
wlteu  the  n-ater  bogititjetb  to  Iioit,  tlier«  will  come  a  strong  breath  out  of 
the  m)«n  of  iJie  veiiattl  tiiat  will  force  the  tiame  of  a  lamp  placed  at  a  con- 
venient distance,  as  A ;  if  you  hold  your  glasse  in  the  L-Ktensioii  of  tlie 
Aanie,  it  will  melt  suddenly  ;  su  yen  may  work  what  you  wiU  thereof." 
Bale  olMerves.  ibat  Mimi'  por»o[i«  iniieail  of  this  apparatus  used  a  pipe 
^the  cumiR'jn  muuib  pi|>e)  fastened  on  a  lieitcb  between  a  croichm!  stick, 
as  figured  at  C.  He  himself  occasionully  employed  this,  but  ennaiderad 
tt  lull  so  convenient  as  the  eolipile. — {Mysteries  of  Nature  and  Art,  Lond. 
l«36,) 

In  le.'.O.  [)r.  Juhn  Frerx-h  poblisbed  "  Tlie  Art  of  Distillation,  or  a 
Tnmtisp  on  the  ChmBest  Spagyi-icui  Preparailons  ....  with  doscriptioiH 
of  the  chiefest  furnaces  and  vessels  used  hyaitrient  and  mnderu  chemiMs," 
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Of  old  devicM  three  eolipile*  aro  fibred  :  oda  u  precUely  tite  uaat  m 
klmve  detcnb^d  hy  Bate.     French  obeervea,  that  ii  "  Mdwb  ■  caadht  lo 
make  tbo  flanw  thereof  strong  for  the  melting  of  gUsiea  anil  nipfiiDg  them 
up."     No.  286  ia  anutiier  lor   t'usini;  rneuila.     A  large  eolipile  ib  pe. 
nvnily  coiin<N:ted  to  a  furnace,  tlio  hlast  being  convtivetl  throuffh  a  hn 
wall.     Tbe  folloniug  ia  all  that  he  says  reapooling  U  :    D  "  aigiiidM  tt 
which  blow*  a  Krc  for  the  melting  of  any  ractall  or  mieh  like  npetuioo^ 
and  it  blows  most  forcibly  with  a  terrible  Doiao."     Tbe  wuor  wt<  ioift^ 
iluced  through  an  openiiig  at  the  top.     E  is  a  portable  eolifute  to  be  ^M 
in   the  hand,  aud   the  bloat  applied  to   fixed   object*.     It  appewa  Aon 
French,  and  also  from  Ercker'a  worit  on  Motallurgy.  that  eotiplea  w(mii 
iiacd  for  blowing  fires  and  fusing  motala,  were  formerly  knowo  aa  TJU 
PkUos&jtliiaiJ  BtUotPt,  a  circumstance  that  rendera  their  diaappmrance 
from  modern  writings  still  more  singular. 

Since  the  insertion  of  illustration  No.  18S.  we  have  met  with  ui  Eag- 
liah  translation  of  Erckcr's  work,  by  Sir  John  Penus.  **  of  tbe  Society  of 
the  Mines  Royal,"  under  Cliarlea  II.   but  who  appears  to  bare  d<^nTad 
little  wcattli  mm  milking  jpeculations,  since  he  rendered  Ercker's  book 
into  English  whil«  confinoo  in  prison  for  debt.     The  traiubuum  is  inns' 
rrated  with  fine  copperplate  engr»viDgs,  and  a  dirrionary  n(  ti^rhnirJil  urro* 
is  suhjiiined.    Under  tbe  word  btilott,  Petlus  mentions  the  "  phihisophiia] 
bellows ;"  x\\v  common   amiih's  hellnws,  and  ver^r  large  ones  that 
worked  by  wacer-whenis,  and  which,  he  obaervea,  were  nude  "  in 
tiou  of  the  nature  of  •  ant  hraat,  which  in  drawing  in  and  fbroiog  not 
breath,  ta  said  to  heJIaip" — a  (fuoint  definition  of  tiellowa.  but  one  which, 
we  believe,  givea  the  truo  etymology  of  the  word.     Of  the  octiqnit^-  of 
"  philosophical  bellows"  there  can  ne  liule  doubt     They  were  prnt«bly 
usiod  by  the  fancy  glass-blowers  of  Egypt,  (Jreece  and  Rome,  )ls  wril 
by  other  artiats  in  the  reduelion  of  motaN.      Tbe  traiuitinn  fmm   biuMi 
ordinary  lire«  with  eobpilos  to  such  opemtioiis  was  ohvioas  and 
There  rs  »  passage  in  the  book  of  JushllH.  wliic-b  M-omn  t(»  refer  to  the 
use  of  them.     In  one  of  the  conlests  of  ihitr  warrior  willi  ihe  Canaaniteo,  it 
ia  said  he  chased  tbcm  to  "  Mirn-plioth-maim"— a  word  si^iifyiug  "Aur*- 
imgt  <^  mito'«,"  and  "/vrmactt  wheff  wlaU  art  mctUil."     A  tiloce  that 
|ir>>ti:iMy  derived  its  oatiM  from  extensive  forgea  that  were  urged  hy  blasts 
from  eoHpiles. 

Charging  EotipUes  hy  Atmntphrrit  Presmm,  pp.  395,  407.  Dr.  Ff«Bch 
observe*,  "  You  must  lieat  them  very  hot.  then  put  the  iiosiro  thereof 
{which  must  have  a  rer^  small  bole  in  them,  no  bigger  than  a  pin'i  head 
may  go  in)  into  a  vessel  nl'oold  water,  and  they  will  presently  3uek  in  the 
Water."  Roman  eolipiles  were  charged  in  the  same  way.  as  ia  t;1ear  from 
their  description  by  Vitniviua,  for  they  hud  but  em^  opening,  ihfoueh  whieh, 
he  says,  ihev  were  filWl  with  warnr;  and  out  of  whieh  the  binst  iMoed. 

EolipUK'Firr'IHoircrM  amd  hhtta.  pp.  39t>-4l}0.  In  oddiiion  to  ihoM 
pasoages  of  8cnptnn>  which  we  have  supposed  alluded  to  eolipilea,  a  fkw 
others  may  be  nnmt-d.  The  oacred  writers,  il  is  Well  klHiwn,  often  Con- 
trast tbe  power  antl  other  attributes  of  Gud  with  the  impolenry  of  idnUl^H 
to  adapt  their  instructions  lo  idolnters,  they  represent  the  Almighty  i^H 
eKcited    with    ang«r,    wnttb.  fiirv.  Sec.   apparcnlly  in    refiarisce  to   «»ek       " 

[•anions  Ixntig  cxhihilfd  (oa  wr-  know  diey  were)  by  idola,  aiwl  porlicu-       j 
■  rly  eolipilie   ldol».      Why   ■Ivould    God    he    represented    ai   bloatinr  Of 
consuming  men  wiih  slrenmK  of  fire  from  bis  mmlh,  and  with  smeko  ftom       | 
his  noitriis  t  kindling  roaU  by  hia  biralk  t  Why  i§  bis  anger  uid  to  tmokf. 
to  hum,  to  tcaz  hot,  8tc.  'i^  a  W  t«^v  w  TeCawiTWA  lo  aiich  idoli 
Mrich,  or  those  imagea  deactiWA  \»ts  C.mv«Cv\   '  >i  vV«  Vu-u- 1*  « 
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Job.  "  Ui«  wicked  periih,  u)<3  bv  ibe  brMth  of  hii  nostrils  »n  Uttj  cod- 
sujiumI,"  i.  v..  an  fuel  on  the  he*na  li  consumed  by  thu  blut  ofui  eoUnile. 
Tbr  pMlmiHt,  Jeacnbing  God,  says,  "  there  went  up  a  Bmoke  out  of  bu 
tuMLriU,  sad  lire  out  of  his  mouib  ;  coaIa  were  kindled  by  it."  "  Heboid 
|Hy«  iMtwti]  the  n&me  of  the  Lord  cotnetb  from  far  bumine;  nntb  bis 
■jtgatr.  [or  tbe  f^cvuusJMSs  of  Rune  as  tbe  mu-giit  Has  it,]  bia  lipa  are  full 
of  indignation,  and  bia  tongue  as  a.  devouring  are ;  and  bis  breatb  as  an 
overH'iwin^  •truam  ihall  reacb  lo  Uik  midxt  of  t)ie  neck."  Again,  "  To 
plittt  la  ordained  of  old,  yea  for  tbe  kinf;  it  is  prepared :  be  ballt  made  it 
deep  and  intfpB :  the  pile  thereof  is  tire  and  inucb  wo<jd,  tbe  breath  of  tbe 
Ijord  lik«  a  stream  ol  brimstone  dotb  kindle  U." 

It  appuara  to  ua  that  here  and  in  similar  paasa^s  are  allusions  Co  eoli- 
miM  of  ibe  humtu)  forra,  and  to  such  imaf^ea  as  Piutench,  from  whose 
*y>»,  moutlu  and  nostrils  issued  streams  of  Bame,  smoke,  steam.  Ice. 
P«rbai>«  it  will  be  said  tbe  expreasioas  are  Jigurative  :  true  tliey  are  so ; 
but  tbtin  there  is  in  lliem  i&n  allusion  to  tbe  '^ii*;*  from  which  tbia  figures 
•re  derived.  When  (jod  is  said  to  meit  his  people,  to  refine,  to  take  away 
the  dros*  from  them,  every  one  perceives  the  allasiona  to  meiallurgicu 
operadons,  because  such  operations  are  known  lo  all ;  and  eijually  clear 
would  tbe  passages  quoted  above  sppear  had  eolipilic  blowers  and  idols 
OOUlinued  in  use  to  nur  times.  We  should  then  have  perceived  that  such 
expression*  as  tite  ncvrd  of  ku  moMh,  atforda  of  Jirr,  Jlaamig  tttariU,  &c. 
were  neither  of  figurative  origin  nor  appUtaiion  only  ;  for  froio  the  varie^ 
of  eolipUic  images,  there  is  little  doubt  that  iuHammabie  fliuds  were  made 
to  issue  from  (jitfereot  parts  of  ihem.  and  in  various  shapes — from  their 
tnuuchs  as  Umgne*  of  fire,  and-  from  tbe  bands  ^xfiaming  nomds.  Ace.  We 
know  that  ancient  priests  were  exceedingly  expert  in  working  prodigies 
by  intlaiomable  Buids,  of  which  numerous  examples  might  be  quoted. 
When  Occavius  was  in  Thrace,  he  consulted  lite  oracle  of  Bacchus,  and 
the  minislers  of  the  temple  finding  it  iheir  interest  to  gratify  him,  con- 
trived that  when  the  winu  was  poured  on  tbe  altar,  a  body  of  flame  should 
bttmoutaitd  ascend  above  the  roof  of  the  temple;  a  portent,  observes  Sue- 
tonius, "thni  hod  never  happened  to  any  but  Alexander  tbe  Gi-eal,  when 
be  was  sacnficing  al  tbe  same  altar."  They  couid,  of  course,  as  easily  have 
made  tbe  Ibtmo  dart  from  the  mnutli  and  ^yea  of  an  idol  as  from  the  altar, 
if  their  vii-ws  had  so  refjiiirud  it, 

But  if  ii  should  Im  contrtnded  that  tbe  passages  quoted,  rather  gave  rise 
to  idiils  like  I'uKturich,  i.  u.  were  bints  which  heathen  priesis  worked 
froca  U)  order  to  produce  or  imitate  the  same  etiecta.  it  will  not  uffuLt  tbe 
iafarence  we  wish  to  draw  from  thL-iu.  vis.  the  antiquity  of  steam  and  vapor 
images.  In  connection  with  this  subject,  it  may  ht-  observed,  that  tbe 
&ninus  Palladium  of  Troy  was  pnibiibly  an  caiipilic  idol,  in  which  intioiii- 
moble  fluids  were  lued;  for  on  o-rlsin  occasions  ^iwAa  ^'yirr  darted 
fn<ia  iu  ct/at,  as  from  the  moutli  and  forehead  of  PustcHcb. 

If  biblical  oriticE  would  piirdon  our  tomority,  we  would  also  suggost 
that  the  LartM  or  imagus  wiiich  Kacbel  stole  Irnm  her  lather's  dwcUio^ 
were,  like  the  small  Saxon  idol,  (p.  39S,)  and  diose  roferrcd  to  in  Isoiab, 
(p.  400)  eolipilic  (ire  blitwvrs.  They  have  exceedingly  perplexod  com- 
Mentatort,  who  sftur  suggesting  imtneroiis  explanations,  generally  coaolade 
by  ohscrring  tliat  their  nalure  and  u^is  are  unknown  ;  but  had  these 
wntore  called  Lu  ntind  the  ancient  etni)loyraeni  on  the  dnme.'ilic  hearth 
itf  broaen  polipilcs  of  the  human  form,  liev  would  havn  perceived  that  the 
name  of  Lubun's  images  gave  an  indii:aiion  of  what  they  were.  In  all 
ancipni  luiiguagus  proper  namns  were  invanably  exprt^skive  of  sntne  pro- 
mincni  feaiunt,  oltributf,  ur  dusign  of  tbe  objects   named  :   to  of  tbeti 
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imige* — they  were  named  "  Ivajihim,"  n.  word  signifym^  "Unnffi,"  fraoi 
Uraph,  "  to  bUne."  So  also  the  eolipUic  idul  PtutencA  wu  named  fraca 
ftuttn,  "  ui  blow."  (See  p.  399.)  Eoliuile^,  like  the  ham,  vmr*  looued 
on  the  hvarth,  tnd  u  they  were  Bvuwedly  mode  uid  nuned  after  a  god, 
^Ei>lii8,)  tuid  were  designed  to  imitate  him  in  producuig  UuU  uf  vnnd, 
(Vami  niakti*  the  Urei  gods  of  the  ur.)  it  ws»  natural  enough  to  idopi 
ihetn  aa  haii»ehold  deiiiea.  Rachel  wu  evidently  an  intelligrtii  and  verj 
shrewd  woman ;  and  as  we  have  no  reason  to  suppose  she  waa  au  idolater 
after  havinf*  lived  twenty  years  in  tlie  Bome  house  with  Jaoob,  ^if  tndned 
she  evor  was,)  it  ia  not  at  all  likely  tliat  she  covetvd  the  ima|^es  at  »Mt, 
but  only  OS  domestic  ulensib  of  real  utility — atctuils  which  she  had  long 
been  ia  die  habit  of  \istng,  and  such  as  were  highly  desirable  in  vetting  up 
huusekeepiiig  for  heraelt. 

Ex/ttnnve  Fffrr  of  S4eam,  p.  409.     The  Stoica,  aays  Flutareh,  ami-      g 
bated  earthijuakes  to  aijueous  «^por  generated  within  the  eanh  i  '  ^*^H 

raoean  heat.     (Upin.  P)<il<)«.)     No  stronger  proof  that  the  am  ''^1 

Jamtliar  with  thu  forw  of  steam  could  )»e  de«irpd  ;  ihp  idea  c<-. 
havu  ocourrW  except  to  men  practtcally  acquainU'J  with  the  i 
energy  of  this  Huid  when  confiii«<l.  if  by  no  other  mrune,  we  nMy  be 
Vint  ihi-y  had  frequent  proofs  of  tins  energy  in  the  ni|iturv  ftf  eohpiha 
wiien  their  vltis  werti  closed.  The  hypdihesw  of  Plato  rf«paK!ti»c  the 
conversion  of  u-acer  into  nir  and  ^^rr,  (mentioned  below,)  stioM-s  hin  10 
have  Iwen  a  close  experimenter  on  iiteam  at  Jifirrvnt  irmpcraiurvo.  T^e 
old  theory  of  boiling  springs  being  forced  from  the  interior  by  atvun,  im- 
plies tito  an  tidpiaintaiK-R  u-ith  device*  for  ratmnf;  water  by  it. 

IJentttif  of  Strnm  amd  Air,  pp.  395-400.  41S-421.  This  vrraseau 
opinion  doubt'es*  dates  back  to  the  early  sg^.  dunn|T  which  it  Ipd  to  ikv 
invention  of  oolipiles,  and  to  the  ^rtt  mecbanical  application  of  aiqueaas 
vapor,  viz.  to  blow  fins,  instead  of  wind  from  belluwa.  It  is  Kn^ular, 
however,  that  such  an  opinion  should  have  been  maiotained  at  so  tale  a 
period  as  the  cIoge  of  the  17th  century — that  modem  u  wtill  as  ao- 
CMnl  pbilfMuphers  should  have  tau)(ht  that  water  rarefied  by  heat  was 
convened  into  air,  and  tliai  air  condensed  by  cold  was  retnrned  into 
watLT.  BeaidcH  the  exoniples  alruady  given,  vav  add  a  ft:w  motv.  Of  lbs 
elements  tnio  which  philosophen>  formerly  resolved  all  things  num. rial, 
VIZ :  earik,  UHtter,  air  and  firt,  Plato  etupccied  the  laM  thive  were  but 
roodiHcatioaa  of  one  ;  al  any  rate,  he  supposed  ilie^  were  convertible  into 
each  other — that  water  atlunuated  by  heal  waa  dilated  into  air,  (aLpaa),) 
and  that  this  by  a  higher  lumpcmtqrc  became  an  tnvisilde  and  elowing 
fluid  or  fire.  (Plutarch,  Opiri.  Philos.)  Plutarch  himself,  in  his  Traadae 
on  Cold,  observes,  "  aire  when  it  doth  gailier  Bi>d  thicken  ia  converted  into 
water,  but  wheu  it  is  inorv  subtile  tt  reaolveth  into  fir« :  as  b1si>  in  the 
like  ease,  water  by  rarefactiou  is  resolvod  into  air«.**  Plinv,  in  aptskmg 
of  winds  wya,  "aire  is  gnlbured  into  a  wnteric  liquor."  The  sweadnf 
of  walls,  breathini{  tm  glass,  moislure  on  tlie  ouuide  of  a  tumbler  of  water, 
ice.  were  eonsidurvd  proofs  tlini  cold  condensed  air  into  water.  Lonl 
Bacon,  in  his  Sylva.  Expert.  37  and  76,  speaks  of  **  the  tixrani  of  turning 
aire  into  water,"  and  Bxp.  91,  relates  lo  "  the  vcriion  of  water  into  aire." 
Norton,  (a  contunipurory  of  Bacon,)  in  his  "  Uehearsal  of  Akheoiy," 
fioa  the  old  doctrine  thus  : — 

Bat  ■jrrs  ooRilsM'd  m  tam'tl  lo  rainai 
t  And  wrsMr  rarefied  cone*  tf  r«  agaiiL 

f^tud'MxlU.  p.  4\8.     TViiMi   wtiTc  Vw.«tt  w  ^««tg>MiA  wk  tl»    |3ik 
eBDiufy,     At  the  batde  o(  Uewwa.  K.  \).  V»^4,**  "^w**  i««  www.'i  ^  «»Jw% 
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•omic  broehi  lo  groande  and  the  kyog«  of  Alma^fM  ww  taken  in  a  wyneir 
m^t." — (lieanra'f  Gloaaar^  to  Pewr  Langtoft's  Chronicle.) 

bUiHigence  ofAntmai»  exemplified  in  Raitmg  Watrr,  p.  74.  Pluurcb 
in  hu  comparison  of  IbimI  and  water  unimals,  savs,  oxvm  were  employed 
ID  rainiig  water  for  ibe  king  of  Persia's  gardens  at  Sum,  "  by  k  device  of 
wlMeU  which  they  turned  about  in  manner  of  a  windliM."  Kach  ox  wu 
rMpUtred  to  raise  one  hundred  buckets  daily,  at>d  as  soon  as  tiist  number 
WW  eotnpleted,  no  eflbrts  ot'the  attendants  could  induce  him  lo  add  another. 
AnempU  were  made  lo  deceive  the  animals  but  without  «9«ct,  so  accu- 
rately ■"  did  they  kvtjp  the  reckoning." 

trnprvottn^  Chairs,  pi  429.  tiuch  devices  are  very  ancient.  The  fini 
proof  of  Vulcan's  toccmnical  ingeiiu^  is  stud  to  Have  been  a  throne  or 
chair  of  gold,  with  secret  springs.  This  he  presented  to  his  mother,  and 
no  sooner  was  Jai»>s««tea  in  it  than  she  felt  beitelf  pmioned  and  un- 
able to  move.  The  gods  interft^red,  and  endeavored  to  release  her,  but 
without  efleot ;  and  it  was  not  till  the  artist  bad  sufficiently  punished  her 
lor  ber  want  of  advction  towards  him  that  he  cotuentod  to  let  her  go. 

Nabis,  ibe  cynuiC  of  Lucedemoii,  had  a  device  for  cxturUug  raontiy  from 
ibe  wealthy.  It  wu«  a  siutuo  of  a  female  clothed  in  rich  apparel.  When 
■ny  one  nfused  to  part  with  his  wealth,  the  tyrant  introduci>d  him  to  the 
iflia^,  wbi^  by  oaeaDs  ofaprines,  seined  him  iu  its  arms,  and  put  him  lo 
ibe  most  axcruciatiiig  tormenu,  hy  forcing  ntuoerous  bearded  ptHots  into 
his  body. 

Rotary  Pvmpt,  EclipHe*,  Sieam-Gunf,  &c.  In  "  Maiheioadcal  Recrva- 
KMu,  or  a  collection  of  sundrie  excellent  problems,  out  of  aucieni  and 
OKMleru  philo»ot>lter« ;  written  first  in  Greek  and  Latin,  lately  com}nl'd  in 
Fraioh  by  H.  Van  Btien,  and  now  in  English,  I^on.  1674, '  is  a  rota/y 
pomp  similar  to  the  one  we  have  figured  at  p.  235  :  it  is  named  "  a  mo«i 
•overaign  engine  to  cut  water  high  and  far  off  to  quench  fireii."  A  gooae- 
neck  like  tbuse  now  lued  is  aUo  ngared — alao  an  atnioitpberic  garden  pot 
— raagiocups — three-way  cooks— ear  tnmipeta,  and  eolipiles.  Of  the  lasi, 
llie  author  says,  "  some  make  them  like  a  oail,  some  tike  a  head  paJiited. 
representiiig  the  wind — some  put  within  an  eolipile  a  crooked  tube  of 
many  foldings  to  the  end  thai  the  wind  impeiunosly  rolling  to  and  fro 
within,  may  imit&ie  the  voice  of  thunder — some  apply  near  to  d^c  hole 
flinall  windmills,  or  such  like,  which  easUy  turn  by  reason  of  the  vapors." 
One  problem  relates  to  the  "  charging  of  a  cannon  without  powder." 
This  vras  done,  Isc,  hy  air  as  in  the  air-gun ;  and  2d,  by  iteam,  the  latter 
fiaid  to  be  generated  from  water  confined  in  the  breech. 

Olaas  Magntu  mentions  eolipilic  wnr  machines,  apparently  similar  to 
those  described  hy  Carpini,  (.ice  pa^e  400.)  They  are  diettuKuiahed  from 
every  species  of  guns :  he  calU  them  "  brasfn  kana  tAai  tjnt  fire  :  they 
were  placed  upon  turning  wheels,  and  carried  about  with  versatile  engines 
into  the  thickest  body  of  the  enemy  :  they  prevailed  »»  far  to  dtssolve  the 
enemy's  forces,  thtt  there  seemed  more  hopes  of  victory  in  them  than  in 
the  souldiers." — (Uijtory  of  the  Qoths.  book  ta,  chap.  3,  Eng.  Trans. 
Load.  L65S.) 
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